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A B S T R A C T  

An electron microscope study was made of a series of transplanted MPC-1 plasma-cell 
tumors carried by BALB/c  mice. Large numbers of particles similar in morphology to virus 
particles were present inside the endoplasmic reticulum of tumor plasma ceils. Very few 
particles were seen outside the cells or in uhracentrifuged preparations of the plasma or 
ascites fluid. In very early tumors particles were occasionally seen free in the cytoplasm 
adjacent to finely granular material. In general, the distribution of these particles inside 
endoplasmic reticulum is similar in early and late tumors. A few transplanted X5563 tumors 
of C3H mice were also examined. Large numbers of particles were found in the region of 
the Golgi apparatus in late X5663 tumors. A newly described cytoplasmic structure of 
plasma cells, here called a "granular  body," appears to be associated with the formation of 
the particles. Particles present in MPC-1 tumors are exclusively of a doughnut form, whereas 
some of those in the inclusions of the late X5563 tumors show a dense center. Normal  
plasma cells, produced by inoculation of a modified Freund adjuvant into BALB/c  mice. 
have been compared morphologically with tumor plasma cells of both tumor lines. 

I N T R O D U C T I O N  

Plasma cell tumors occur spontaneously, but 
rarely, in C3H (1), A K  (2), BALB/c  (1, 3), as 
well as in several other strains of mice (4). The 
first evidence that a virus might be associated 
with the X5563 C3H tumor was given by Howat-  
son and McCulloch (5). These authors demon- 
strated large osmiophilic inclusions of small 
particles in the region of the Golgi apparatus. A 
more extensive electron microscope study was 
carried out by Dalton and Potter (6) on several 
lines of tumors in C3H and BALB/c  mice. Virus- 
like particles were reported to be occasionally 
present in the plasma cells. To date, the evidence 
of the presence of virus is confined to electron 
microscopy only, and no reports of successful 
cell-free transfers have been published. 

In the present report, electron microscope 
evidence is presented of the presence of an abun- 
dance of particles in a line of plasma-cell tumors 

in BALB/c  mice as well as a more limited study 
of similar particles in the X5563 tumor in C3H 
mice. The morphology and distribution of the 
particles were studied in tumors at various stages 
of development. The morphology of the tumor 
plasma cells of both lines was compared with 
that of normal plasma cells produced by inocula- 
tion of modified Freund's adjuvant into BALB/c  
mice. No virus-like particles were seen in these 
normal cells. A series of acellular transmission 
experiments is described as well as attempts to 
produce purified preparations of the particles. 
The particles proved to possess many of the 
morphologic appearances of tumor viruses, and 
especially seemed to resemble particles found in 
mouse mammary  tumors. In Part II  of this report, 
evidence is presented for the successful growth of 
plasma cells and apparent multiplication of virus 
in tissue cultures of X5563 tumor. 
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M A T E R I A L S  A N D  M E T I t O D S  

Concentration of Normal Plasma Cells in Adjuvant- 
stimulated BALB/c  Mice: Normal  plasma cells were 
obtained from a series of 12 week old BALB/c mice 
injected intraperitoneally with incomplete Freund 's  
adjuvant (7). Mycobacterium was omitted, and the 
antigen used was Salmonella choleraesuis, phase 1, 
obtained from an overnight culture in a mixture of 
equal parts trypticase-soy broth (BBL) and tryptose 
broth (Difco). The bacteria were killed in 1 per 
cent formalin overnight, spun down, and resus- 
pended in a small volume of saline containing 0.6 
per cent formalin. The suspension was supplied to 
us by the Communicable  Disease Center, U. S. 
Public Health Service, Chamblee, Georgia. The 
mice were given 2 injections of 0.3 ml. of the ad- 
juvant  mixture at 5 day intervals. Material for 
electron microscope examination was taken 12 days 
after the first injection. 
Source of Tumors: Two tumor  lines were studied: 
the X5563 tumor  carried in C3H mice, and the 
MPC-1 tumor in BALB/c mice. The X5563 tumor 
was obtained from Dr. Potter (1). The original 
tumor arose spontaneously in a 221/~ month  old 
female C 3 H / H e  that had been gonadectomized at 
2 months of age. The development of the tumor  in 
the ileocecal region, and its histology, have been 
fully described by Dunn  (8). The plasma-cell tumor 
MPC-1 arose in a BALB/c mouse in Dr. Merwin's 
laboratory (3). Seven plasma-cell tumors developed 
in 46 mice carrying diffusion chambers containing 
C3H m a m m a r y  tumor tissue. In later experiments 
(unpublished), one plasma-cell tumor  was found in 
a BALB/c mouse carrying an empty diffusion 
chamber.  Merwin and Algire were successful in 
transplanting the MPC-1 tumor. This line (derived 
from experiments in which C3H m a m m a r y  tumor 
tissue was used) has been further studied by Potter 
and Fahey (1). The MPC-1 tumor was generously 
donated to us by Dr. Potter when in its 14th trans- 
plant generation. 
Mice Used as Hosts" for Tumors." The BALB/c mice 
and C3H mice used as hosts in these experiments 
were not free of the m a m m a r y  tumor  agent. At the 
age during which inoculated tumors developed in 
C3H mice (3-4 months), the incidence of m a m m a r y  
tumors in control C3H mice was low, although by 
approximately 9 months of age 35 per cent of the 
mice had developed m a m m a r y  tumors. In  cell-free 
transfer experiments described in Part  I I  of this 
publication, cesarean-delivered, foster-nursed C3H 
mothers were used to produce newborn mice free of 
the milk agent. The majority of the mice used were 
obtained from Cumber land View Farms, Clinton, 
Tennessee, and others from Jackson Memorial  
Laboratories. 
Technique of Tumor Passage." The X5563 tumor  was 

maintained by subcutaneous injection of 0.2 to 0.4 
gm of minced tumor  tissue, suspended in balanced 
salt solutions, into the axillary region of 8 to 12 
week old female C3H mice. Material for the study 
presented here was taken from the 10th and l l th  
transplant generations. The MPC-1 tumor was 
conveniently transferred by means of the pronounced 
ascites that develops in inoculated BALB/c mice. 
Ascites fluid (0.1-0.2 ml.) (often containing a con- 
siderable amount  of blood) was inoculated into the 
peritoneal cavity of 8 to 12 week old male and female 
BALB/c mice. The MPC-1 material used in this 
study was taken from the 23rd to 26th generations. 
Nearly 100 per cent takes were obtained with both 
tumor lines by these transfer techniques. 
Tumors and Other Tissues Examined: The MPC-1 
tumors, and in some cases other tissues, of a total of 
13 BALB/c mice were examined by electron micros- 
copy of thin sections. The other tissues included 
were liver, spleen, kidney, lung, thymus, thyroid, 
pancreas, salivary glands, bone marrow, buffy coat, 
and ascites cells, as indicated in Table 1. The X5563 
tumors of 5 mice were also examined. The tissue 
culture results are reported in Part  II .  
Preparation of Tumor Extracts: Extracts of plasma- 
cell tumors were made in an at tempt to demonstrate 
the presence of a possible tumor  virus. A purified 

T A B L E  I 

Summary of Tissues Examined by Electron Microscopy 

Days after No. of 
inoculation mice Tissues examined 

MPC-1 tumor in B A L B / c  mice 

8 2 Very small  abdomina l  t umor  
8 2 Larger  abdomina l  t umor ;  inocula- 

tion site tumor ,  liver, spleen 
10 2 Abdomina l  tumor ,  ascites cells 
11 2 Abdomina l  tumor ,  buffy coat 
17 2 Abdomina l  tumor ,  liver, spleen, 

kidney, lung, buffy coat 
18 2 Abdomina l  tumor ,  liver, spleen, 

kidney, thymus,  thyroid,  lung, 
pancreas ,  salivary glands, bone 
m a r r o w  (mice in te rminal  condi-  
tion) 

1 Abdomina l  tumor ,  ascites cells 
6 Ul t racent r i fuged  pellets of ascites 

fluid 
6 Ul t raeent r i fuged  pellets of p lasma  

20 
10 

17 

X5563 tumor in C3H mice 

12 2 Inocula t ion  site tumors ,  
cu l tured  

20 2 Inocu la t ion  site tumors  
61 1 Inocu la t ion  site t umor  

tissue- 

354 Tn~ JOURNAL Or BIOPIIYSICAL AND BIOCHEMICAL CYTOLOGY • V O L U M E  9, 1961 



ul t racentr i fuged prepara t ion  of particles was also 
requi red  for future quan t i t a t ive  t ransmiss ion experi- 
ments ,  as well as for morphologic  studies by electron 
microscopy. In  the  t ransmission exper iments  with 
1 5 5 6 3  t umor  extracts,  filtration was not  used. 
Instead,  u l t racentr i fuged fractions of the  homog-  
enized tumor  were inocula ted  into (C3H X 101)F1 
and  (101 ;~ C3H)F1 hybrids at  8 to 12 weeks of age. 
T u m o r s  induced  by virus, nucleic acid, or other  
small-sized agent  could then  be dis t inguished from 
those arising f rom c o n t a m i n a n t  whole cells by the  
failure of induced  tumors  to t r ansp lan t  in the pa ren t  
strains. 

In  general ,  the  t umor  tissue from 8 to 10 C3H 
donors was weighed and  m a d e  up  to a 20 per cent  
suspension in ba lanced  salt solution. T h e  suspension 
was homogenized  in a W ar i ng  blendor,  or a teflon 
tissue homogenizer ,  or a mor t a r  and  pestle. T h e  
first sp inning  was at low speeds to remove  pieces of 
tissue~ whole cells, and  large cell f ragments .  This  
pellet was discarded in some exper iments  and  in 
others was injected to test for comple te  homogeniza-  
tion. Par t  of the  supe rna t an t  of the  first sp inning  
was injected into a few mice to test for the  presence 
of whole cells. T h e  r ema inde r  of the  supe rna t an t  was 
then  spun  at abou t  7000g for 10 to 30 minu tes ;  the  
pellet was resuspended in small  vo lume of saline 
and  injected into about  10 mice. T h e  supe rna t an t  
was then  spun  at 40,000 to 105,000g for }J~ to 3 
hours ;  the  pellet obta ined  f rom this sp inning  was 
also injected into 10 mice. T he  final supe rna t an t  
f rom this sp inning  was also injected into 10 to 25 
mice. All fractions were injected intraper i toneal ly  or 
subcutaneous ly  or by bo th  routes. Some variat ions 
of this basic exper iment  were as follows: (a) Sod ium 
lauryl  sulfate, an  anionic detergent ,  was in the  
homogen iz ing  m e d i u m  to aid in rup tu re  of the cells 
and  release of virus (9). (b) Tween  80, a nonionic 
detergent ,  was used in a similar  way.  

Twenty-f ive  mice also received in t raper i toneal  
implan t s  of X5563 t umor  tissue in plastic capsules 
covered wi th  mill ipore m e m b r a n e s  (0.2 0.5 ~ pore 
size) (10). 

Ul t racent r i fuged prepara t ions  f rom 1 5 5 6 3  and  
MPC-1 tumors  were also examined  with the  electron 
microscope. In  one exper iment ,  a W a r i n g  blendor  
homogena te  was used;  in two others, the  t umor  was 
g round  gent ly  in a mor t a r  and  pestle. A 15 per  cent  
suspension was prepared  in ba lanced  salt solution. 
All manipu la t ions  were carr ied out  in the  cold room. 
After a pre l iminary  low-speed centr i fugat ion at 
3000g, the  s u p e r n a t a n t  was spun  successively at 
10,000g for 20 minutes ,  60,000g for 45 minutes ,  
105,000g for 60 minutes .  T h e  pellets were fixed for 
90 minutes  in osmic acid and  then  dehydra t ed  and  
embedded  as described in a following section. T h e  
weight  of t umor  tissue used (1-2 gm.)  was adjus ted 
to give small  pellets (3-5 m m .  d iameter )  on ul t ra-  

centr i fugat ion.  T h e  pellet mater ia l  could then  be 
divided a m o n g  only a few blocks, and  the  e m b e d d e d  
mater ia l  could be sectioned a lmost  serially to provide 
a fairly quant i ta t ive  picture of the  a m o u n t  of virus- 
like particles in a pellet. T h e  part icle content  of the  
combined  ascites fluid f rom 6 B A L B / c  mice, 10 
days after inoculat ion,  was examined  in this way,  
centr i fuging at the  speeds listed. In  a s imilar  manne r ,  
the combined  hepar inized p lasmas  of 6 BALB/c  
mice, taken  17 days after the  t umor  transfer,  were 
ul t racentr i fuged and  examined  with the  electron 
microscope. 
Light Microscopy: BALB/c  tumors  were examined  
by light microscopy at 11, 17, and  18 days. O the r  
tissues (liver, spleen, kidney, lung,  sal ivary glands,  
thymus ,  thyroid,  bone marrow)  were examined  for 
metas tases  and  other  pathology.  Sections were fixed 
in Zenker-formol  and  stained with hematoxy l in  and  
eosin. 
Electron Microscopy Technique." T u m o r s  at various 
stages of deve lopment  were removed  from the mice,  
as listed in Table  1, and  cu t  into ~ 1  m m .  cubes 
while immersed  in ice-cold Palade 's  osmic acid 
(pH 7.2-7.4).  Fixat ion was carr ied out  in the cold 
for 90 minutes .  The  tissue was washed  briefly in 
Tyrode ' s  solution and  then  dehydra ted  in 30, 50, 
70, 90 per cent  alcohols for 10 minu te  periods. Two 
10 minu te  washes in absolute alcohol were given, 
and  the  tissue then  soaked for 15 minutes  in a 1"1 
monomer-a lcohol  mixture .  T h e  m o n o m e r  mix ture  
consisted of 85 per cent  butyl  methacry la te ,  15 per 
cent  methyl  methacryla te ,  and  1.5 per cent  Luperco  
CDB catalyst.  Butyl and  methyl  metacryla tes  were 
dried over Linde Type  4A molecular  sieve and  then  
v a c u u m  distilled separately at  50 to 70 m m .  pressure 
th rough  a glass bead-packed,  28 cm. f ract ionat ing 
column.  After the monomer-a lcohol  t rea tment ,  the  
tissue was soaked for 3 periods of 15 minutes  in 
und i lu ted  monomer-ca ta lys t  mixture .  Polymeriza-  
t ion in gelat in capsules was carr ied out  by heat ing 
at 65°C. overnight .  Gray  (40-60 mt~) sections were 
cu t  on a Por ter-Blum micro tome with a 1.8 m m .  
50 ° angle  d i a m o n d  knife (Inst i tuto Venezolano de 
Investigaciones Cientificas, Caracas ,  Venezuela) .  
The  major i ty  of the sections used in this s tudy  were 
s ta ined with semisa tura ted  lead subaceta te  solution 
for 7 minutes  in an  a tmosphere  of n i t rogen (11). 
Ca rbon  suppor t  films were prepared  by evaporat ion 
onto grids covered with fo rmvar  film, and  the  latter 
was dissolved off with  e thylene dichloride. 

An  R C A  E M U - 3 E  electron microscope was used, 
opera t ing  at a voltage of 50 kv. T h e  condenser  
aper ture  was 250~ in d iameter  and  the  objective 
aper ture  25 u. Low magnif ica t ion  pictures of whole 
cells were taken  at 3000 to 4000 times. T h e  rout ine  
magnif ica t ion  for examina t ion  of cell s t ruc ture  and  
virus-like particles was 8000 times. Areas  of par t icu lar  
interest  were also pho tographed  at  18,600 to 35,600 
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times direct magnification. Eastman Kodak Contrast 
anti-abrasion lantern slide plates were used, and 
prints made on Kodabromide F5 paper. In most 
cases, 4 blocks of any particular tissue were selected 
by scanning from a total of 8 to 10 embedded, in 
order to find areas of tumor that  were not necrotic 
and that  were well fixed. Suitable blocks were 
sectioned at 3 or 4 levels. Other tissues, especially 
ultracentrifuged pellets, were scanned from a larger 
number  of blocks. 

R E S U L T S  

I. Development of Plasma-Cell l~¥oplasms in 
BALB/c  and C3H Mice After Transfer of the 
Tumor 

MPC-1 Tumor in BALB/c Mice: Visible tumors 
first developed in the abdomen ,  after intra-  
peri toneal  inoculat ion of ascites fluid and cells, 
at  about  8 days. Tumors  consistently arose in the 
area bounded  by the spleen, pancreas, and  
posterior wall of the stomach. The  smallest tumor  
detected, at 8 days, extended in a thin line of 
pink tissue along the splenogastric l igament  and  
posterior wall of the stomach. Large tumors  
formed a roughly spherical mass adjacent  to the 
h i lum of the spleen. Somewhat  later, a tumor  
nearly always developed at the site of inoculat ion 
( through the upper  groin into the abdomen) .  
Frequent ly  this tumor  arose between the skin and  
the per i toneum, presumably owing to leakage of 
fluid from the hypodermic  needle. Less often it 
was a t tached to the per i toneum. The  tumors  
increased rapidly in size from 8 to 21 days after 
inoculat ion,  when  most mice succumbed. To- 
gether  with the growth of the tumor ,  a pronounced 
ascites developed, which conta ined tumor  cells 
and  a variable  n u m b e r  of red cells. In  the terminal  
stages of the disease, the tumor  spread widely 

th rough  the abdomina l  cavity and, to a lesser 
extent,  to the thoracic cavity. The  main  tumor  
masses, 17 days after inoculat ion,  showed ex- 
tensive areas of necrotic cells, often with pyknotic 
nuclei. As early as 11 days after inoculation,  many  
tumor  cells were seen in the spleen, and  small 
groups of cells were scattered in the liver, lung, 
kidney, and  thymus. Few tumor  cells were present 
in the buffy coat. Only  adjacent  lymph nodes 
were involved. 
X5563 Tumor in C3H Mice: The  main  tumor  
developed in the subcutaneous tissues at  the site 
of inoculation. The  earliest tumors  were palpable 
and visible at  6 days, and  increased to as large as 
4 cm. in d iameter  at  60 days after inoculation. 
The  tumors  in the later stages also showed ex- 
tensive areas of necrosis. 

II. Electron Microscopy of Normal (Stimulated) 
Plasma Cells 

Normal  plasma cells were examined for virus- 
like particles and  also to allow a cytological 
comparison between the normal  and  the neo- 
plastic cell Mice inoculated with the adjuvant  
were followed by prepar ing Wright ' s  stained 
smears of the ascites fluid. The mice were sacri- 
ficed 12 days after inoculation,  when the smears 
showed the presence of plasma cells. At this t ime 
an extensive peritonitis was present with adhesions 
between all abdomina l  organs. Specimens for the 
electron microscope were obta ined from the 
adhesions and  lymphoid tissue. Numerous  plasma 
cells were found in the adhesions and somewhat  
fewer in the lymphoid tissue. One  of these plasma 
cells is i l lustrated in Fig. 1. The  eccentric nucleus 
(N) is cut to one side, and  the section passes 
central ly th rough  the large Golgi appara tus  (G) 
The  chromat in  of the nucleus is fine, an ap- 

FIGURE 1 

Normal plasma cell from a 12 week old BALB/c mouse after intraperitoneal inocula- 
tion of incomplete Freund's adjuvant 12 days previously. The section passes through 
the Golgi zone (G) and the centrioles (C). The nucleus (N) is cut to one side. Granular 
bodies (GB) are fairly numerous. PI may represent inclusions of protein. Endoplasmic 
reticulum (ER) and mitochondria (M) and mitochondria (M) are visible X 9000. 

FIGURE O 

Typical plasma-cell from an abdominal plasma-cell tumor 8 days after inoculation 
of ascites cells. Particles (VP) are abundant  inside the endoplasmic reticulum (ER). 
The mitochondria (M) are swollen and sometimes lacking in structure on one side. 
The particles are not present in the central part of the Golgi apparatus (G). The nu- 
cleus (N) is indented. X 9000. 
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pearance not easily correlated with the clumped 
"car twheel"  nucleus usually observed in human 
plasma cells as seen by light microscopy, or in 
electron micrographs of human plasma cells (12). 
A nucleolus is usually present, but is not included 
in this section. Attention is specially directed to 
the small dense structures (GB), which will be 
called "granular  bodies." They are frequently seen 
in sections of normal and neoplastic plasma cells. 
The irregular vacuoles marked Pl are assumed to 
be inclusions of protein in endoplasmic reticulum 
sacs. Only a few Palade granules are seen attached 
to the walls of these sacs. In sections through the 
Golgi region, as in Fig. 1, the endoplasmic retic- 
u lum (ER) does not appear as abundant as in 
sections at other levels. Small clusters of free 
Palade granules are distributed in the cytoplasm. 
The mitochondria (M) are of a small spherical 
type and rarely show many well-defined cristae. 
The inner density of the mitochondria is variable, 
and may, infrequently, be quite high. The Golgi 
apparatus is large. The centrioles (C) are sur- 
rounded by an almost structureless region and 
then a periphery of smooth elongated saccules 
and small vesicles. The Golgi apparatus usually 
flattens the adjacent side of the eccentric nucleus. 
This appearance of a clear area (archoplasm) 
adjacent to a flattened nucleus is quite distinctive 
for mouse plasma cells in the light microscope. 
In Figs. 3 and 4 some examples of granular bodies 
are shown at higher magnification. Fig. 3 is an 
enlargement of portion of Fig. 1. One granular 
body shows curved structures (CR) in the dense 
inner material. Fig. 4 illustrates two large granular 
bodies. One shows a double membrane (DM). 
In these examples the inner dense material is fine 
in structure. In others, especially those showing 
evidence of inner membraneous structures, the 
dense material is more granular. 

III. Electron Microscopy of MPC-1 Tumors at 
Various Stages 

A. Morphology of Tumor Plasma Cells." The normal 
plasma cell described in Section II  is 7 to 16 ~ in 
diameter. Fig. 2 illustrates a typical plasma cell 
from an abdominal tumor 8 days after inoculation 
of ascites fluid. This cell is about 14 > in diameter, 
but cells of nearly twice this size were frequently 
encountered. In Fig. 2 the endoplasmic reticulum 
is abundant,  as in normal plasma cells. Dense 
particles (VP) are widely distributed in the endo- 
plasmic reticulum (these particles are discussed 

in detail in Section I I I  B). The section passes 
through the voluminous Golgi zone. The mito- 
chondria were distributed in a manner similar to 
that of the normal plasma cell and were frequently 
surrounded by lamellae of ergastoplasm. As will 
be seen in subsequent pictures at higher magni- 
fication, the mitochondria are often swollen, 
lacking in cristae, and possess a broken outer 
wall. Structures identical to the granular bodies 
described in normal plasma cells are present in 
tumor cells. Their  number is variable but they 
may be fairly numerous, especially at the periphery 
of the cell. The nuclei frequently assume bizarre 
shapes, with convolutions of the nuclear membrane 
and deep notches. Often they contain large dense 
areas (Fig. 2) or even larger masses stretching 
from one side of the nucleus to the other. These 
areas are more prominent in the tissue-cultured 
tumor cells. Cell borders of the tumor plasma 
cells are often ill defined, giving an impression of 
large syncytial groups. The tumor contains a 
minimum of collagen and other supportive tissue. 
Blood sinuses are frequently lined with tumor cells 
only. 

In the MPC-1 tumors studied, no aggregates 
of particles in the region of the Golgi apparatus 
were encountered. This is in striking contrast to 
the X5563 tumor in which large numbers were 
fi'equent in the Golgi region in the larger neo- 
plasms. In MPC-1 tumms, in areas free of necrosis, 
the distribution of particles in the endoplasmic 
reticulum was surprisingly uniform. Nearly all 
sections showed at least a few particles. The loss 
of structure of mitochondria appeared to be 
sufficiently marked to be classified as a possible 
cytopathogenic effect, although many of the 
mitochondria examined in normal cells did not 
seem to have very distinct cristae. The general 
features distinguishing the neoplastic plasma 
cell from the normal were the increased size, 
bizarre-shaped nucleus, the presence of dense 
masses in the nucleus, and a large number of 
particles in the endoplasmic reticulum. A rather 
surprising feature was the rarity of presumed 
protein inclusions, as described for the normal 
plasma cells (Fig. 1). However, the tumor-bearing 
mice show characteristic, abnormal globulin in 
the plasma (1). 

B. Localization and Morphology of Particles at Different 
Stages of MPC-1 Tumor Development: The particles 
were studied in a series of MPC-1 tumors ranging 

frmn a few millimeters in diameter (8 days after 
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inoculation) to approximately 1 cm. (18-21 days 
after inoculation). Localization of the particles to 
the endoplasmic ret iculum is very striking. 
Equally remarkable is the rarity of particles 
outside the cells in the intercellular spaces or in 
the blood sinuses of the tumor. A typical field 
showing part of the cytoplasm of a plasma cell of 
an early abdominal  tumor (8 days atter inocula- 
tion) is shown in Fig. 11. Particles of 72 to 80 m/~ 
diameter are seen free inside and attached to the 
wall of the endoplasmic ret iculum sacs. At VPI, 
3 particles are attached in close proximity. At 
VPe, a particle lies inside the perinuclear space 
and is attached to the outer of the 2 nuclear 
membranes. Particles are also found at tached 
to the inner of the 2 nuclear membranes.  
The  mitochondria  show extensive degenerative 
changes. At M1, the wall on one side is lacking 
in contrast, and the cristae are missing. Few 
cristae are present in Me, M3, and M4. A few 
small granular bodies are present. The smooth, 
single-walled vesicles (G) probably represent 
part of the Golgi apparatus. The endoplasmic 
reticulum is densely lined with Palade granules, 
and small clusters of particles are also distributed 
between cytoplasmic structures. The distribution 
of particles in the Golgi region of a plasma cell 
of an abdominal tumor, 8 days after inoculation, 
is shown in Fig. 14. A few particles are usually 
found scattered around the periphery of the 
Golgi apparatus inside endoplasmic reticulum 
sacs. Occasionally, particles are seen in associa- 
tion with smooth-walled sacs, but no large in- 
clusions of particles are to be seen in the Golgi 
area, as is the case with late X5563 tumors. Fig. 
14 shows particles (VP1, VPe) attached to smooth 
portions of the wall of endoplasmic reticulum and 
adjacent to collections of smooth vesicles (V), 
assumed to represent part of the Golgi apparatus. 
Free Palade granules are often seen inside endo- 
plasmic reticulum which may show breaks in the 
wall of the sac. 

Occasionally, large groups of particles were 
encountered. These appeared to almost cover the 
wall of a portion of endoplasmic reticulum. Such 
an area is illustrated at low magnification in Fig. 
12. Nearly 100 particles (VP) are present in this 
area of endoplasmic reticulum. The mitochondria 
(M1 and Me) show considerable loss of structure 
on one side. These particles are shown at higher 
magnification in Fig. 13. Inside the endoplasmie 
reticulum they are circular in cross section. Those 

attached to the wall of the saccule appear to be in 
various stages of formation. Some, as at VP~., 
appeared as thickened, double-walled convexities 
at the boundary of the saccule. Others, as at 
VPa, appear to have an almost completely spherical 
inner membrane,  but the outer one is continuous 
with the wall of the endoplasmic reticulum as a 
narrow neck. The particles are particularly con- 
centrated on indentations of the wall into the 
sac, as at St and $2. In these areas, there are 
fewer Palade granules than in the surrounding 
cytoplasmic matrix. The inner membrane of the 
virus-like particles is well defined and dense. It  
occasionally shows evidence of being double in 
nature. The density of this membrane is especially 
enhanced by lead subacetate staining. The outer 
membrane appears to be made up of clusters of 
small dense particles. 

The morphology of the particle remained the 
same from the smallest tumor, 8 days after inocu- 
lation, to the largest terminal tumors at 20 days 
after inoculation. Particular attention was paid 
to a possible variation in the number  of virus-like 
particles per section in non-necrotic aleas at 
different stages of development. However, early 
and late tumors showed little variation in this 
respect. A tumor of 5 to 7 mm. diameter, 8 days 
after inoculation, showed 443 particles per 44 
electron microscope fields (magnification 8000); 
a large 20 day abdominal tumor showed 412 
particles per 44 fields. Even with a very early 
abdominal  tumor (8 days after inoculation) ot 
only a few cubic millimeters volume, quite large 
groups of particles were seen in endoplasmic 
ret iculum sacs, as shown in Fig. 5. However, a 
suggestion of a different mode of particle formation 
was seen at this stage. The cytoplasm sometimes 
showed areas of fine, slightly dense material where 
no Palade granules were present. This occurred 
most frequently in the Golgi zone. Particles were 
present in vacuoles at the borders of such areas 
(Fig. 6). In these areas, in the very early tumors, 
distinct particles were seen occasionally between 
vacuolar structures. 

The distribution of tumor cells and particles 
was studied in other tissues in some of the BALB/c  
mice with larger tumors. The special association 
of the particles with the endoplasmie reticulum 
of plasma cells made an examination of other 
cells with abundant  ergastoplasm of particular 
interest. The pancreas, thyroid, liver, and salivary 
gland were examined (Table I). No particles 
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were  seen in these  t issues excep t  inside m e t a s t a t i c  

p l a s m a  cells. Par t ic les  of  s imi la r  a p p e a r a n c e  were  

seen in the  c y t o p l a s m  of  a sp leen  cell (possibly a 

r e t i cu la r  cell) of  a m o u s e  8 days  af ter  i nocu la t i on  

(Fig. 7). R a re l y ,  s imi la r  par t ic les  were  seen in 

k idney  cells. 

C. Morphology of Other Cytoplasmic and Nuclear 
Structures." GRANULAR BODIES. S t r u c t u r e s  i den -  

t ical in a p p e a r a n c e  to the  g r a n u l a r  bodies  de-  

scr ibed  in n o r m a l  m o u s e  p l a s m a  cells were  seen 

in g rea t e r  n u m b e r  in the  t u m o r  cells. T h e s e  

s t r uc tu r e s  r a n g e  in d i a m e t e r  f r o m  80 m #  to 1 ~. 

FIGURE 3 

An en la rgement  of Fig. 1 to show the g ranu la r  bodies (GB) of a no rma l  p lasma cell. 
O n e  g ranu la r  body contains doubled curved elements  (CR). Mitochondr ia  (M) are 
shown and  PI probably  represent  inclusions of protein. X 16,000. 

FIGURE 4 

Two granu la r  bodies (GB) f rom the same series of ad juvan t  inoculated no rma l  mice 
as the  example  of Fig. 1. One  g ranu la r  body shows a double m e m b r a n e  (DM) and 
one end of the  s t ructure  appears  to be broken up. Endoplasmic  re t icu lum (ER) is 
also shown.  X 50,800. 

FIGURE 5 

A large group of particles (VP) are shown in a saccule of endoplasmic re t i cu lum (ER) 
of an  MPC-1 tumor.  ] 'h is  t umor  was the earliest found having a volume of only a 
few cubic mill imeters (8 days after inoculat ion with ascites cells). The  particles appear  
to be budd ing  from the wall of the  saccule. N 35,000. 

FIGURE 6 

T h e  same early M P C - I  tumor  as il lustrated in Fig. 5. The  fine g ranu la r  material  
(G.~) was a b u n d a n t  in the  Golgi zone, and distinct particles are present  at the  junc -  
tion of this area with a vacuole of the  Golgi appara tus  (GV). X 33,100. 

FIGURE 7 

Cell f rom the spleen (not a p lasma cell) of a mouse  carrying the  MPC-1 t umor  (8 
days after inoculation).  66 to 80 m/~ particles are present  in the  cytoplasm. Some show 
a double outer  m e m b r a n e  similar to the particles of Fig. 5. X 34,700. 

FIGURE 8 

A group of g ranu la r  bodies (GB) in an early MPC-1 abdomina l  tumor.  T h e  bodies are 
typically located at the periphery of the cell but  here some have  a light center  (GB.,_, 
GB3) and others (GB1) are dense. The  g ranu la r  body at GB~ appears  to have some 
features of a mi tochondr ion.  X 22,800. 

FIGURE 9 

A port ion of the  cy toplasm of an  MPC-1 t umor  p lasma cell (18 days after inocula-  
tion), showing a dense mi tochondr ion  (.44) with indefinite cristae and  a typical g ranu la r  
body (GB). Endoplasmic  re t icu lum (ER) is also shown. X 55,000. 

FIGURE 10 

Portion of the cy toplasm of a p lasma cell from a large X5563 t umor  (61 days after 
inoculation),  showing the apparen t  budd ing  of particles (VP) fi'om the wall of endo-  
plasmic re t icu lum (ER). T h e  particles are more commonly  found as large inclusions 
in the late stage tumors,  bu t  this appearance  was c o m m o n  in a tumor  formed 20 days 
after inoculation. X 63,500. 
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They appear  to be more frequently located near  
the plasma membrane .  Fig. 8 shows examples in 
a very small abdomina l  tumor,  8 days after 
inoculation. In this tumor,  the granular  bodies 
appeared to have light centers more frequently 
than in older and  larger tumors (GB3). 6'B2 shows 
a double membrane  and a suggestion of cristae. 
In Fig. 9, a dense mi tochondr ion is shown with a 
distinct double  m e m b r a n e  and  cristae. Adjacent  
to this is a typical granular  body. The  dense 
mi tochondr ion appears to be intermediate  in 
structure between that  of a mi tochondr ion  and a 
granular  body. In Fig. 15, a doub le -membraned  
structure (VP,) lies inside a granular  body. This 
structure has a denser inner  membrane  and  is 
similar to the particles inside endoplasmic retie- 
u lum (VP2). Several other  examples were found 
in MPC-1 tumors,  but  this modification of granular  
bodies was more frequently encountered in tissue- 
cul tured tumor  plasma cells (see Part  II) .  

PARTICLES IN THE NUCLEUS. Large dense 
masses were frequently encountered in the nucleus, 
but  only one example was found showing virus- 
like particles in association with it. In  most cases, 
the appearance  was more of large nucleoli, some- 
times of the reticulated type and with some finer 
dense material ,  possibly chromat in ,  a t tached to 
the periphery.  A plasma cell frm-n an early MPC-1 
tumor  showed particles of approximate ly  50 m #  
diameter.  A few particles of 60 m#  d iameter  with 
small dense centers were also present in the 
nucleus. These did not  resemble the particles tha t  
occur in the endoplasmic reticulum. 

IV. Electron Microscopic Examination of X5563 
Tumors 

The  most detailed study of X5563 tumors was 
made by the method of tissue culture, but  a 
prel iminary study of mid-stage subcutaneous 

tumors  (20-25 days after inoculation) and  late- 
stage tumors  (61 days after inoculation) is re- 
ported here. The  general morphology of the 
tumor  plasma cells and  the distr ibut ion of virus- 
like particles in endoplasmic ret iculum, in the 
20 to 25 day X5563 tumors  were very similar to 
those in the MPC-1 tumors. Bizarre-shaped 
nuclei conta ining p rominen t  dense masses were 
frequent.  The  late-stage tumor,  however, showed 
a striking difference in the site of occurrence of 
the particles. Fig. 16 illustrates at  low magnifica- 
tion a typical plasma cell from such a tumor.  A 
large aggregation of particles (IB) is shown in the 
region of the Golgi apparatus .  This type of 
aggregation has been previously reported in 
X5563 tumors  by Howatson and  McCul loch  (5). 
The  mi tochondr ia  frequently showed similar 
degenerat ive changes to those described for MPC-1 
tumors. 

The  distr ibution and  morphology of the particles 
in the inclusions of the late X5563 tumor  showed 
distinct differences from those described inside 
endoplasmic re t iculum of the MPC-1 tumor.  
However,  the particles still occur inside endo- 
plasmic re t iculum (Fig. 10), where they appear  
to form by the same budding  process. A portion 
of an inclusion is shown at higher  magnification 
in Fig. 17. Here the particles occur mainly in the 
cytoplasmic matr ix  between structures. Some 
particles (VP3) do not  have a dense center;  others, 
as at  VP~ and  VP2, show a distinct dense nucleoid 
inside the double  membrane .  A large granular  
body is shown with a suggestion of cristae (CR). 
Small granular  bodies are widely distr ibuted 
th roughou t  the inclusion. Fig. 18 illustrates the 
s tructure of the particles tha t  do not  show a 
dense nucleoid. At  this magnification,  the inner  
dense region appears to have a membranous  
(VP,) or granular  (VP2) ultrastructure.  The  
particles from these inclusions also differ con- 

FIGURE 11 

Portion of a typical plasma cell from an abdominal MPC-1 tumor (8 days after inocula- 
tion). The particles (VP) of size 77 m~ are apparently budding from the wall of the 
endoplasmic reticulum (ER). At VP,, 3 particles are located in close proximity, and at 
VP2 1 is located in the perinuclear space. The mitochondria (MrM4) show extensive 
loss of structure. A few small granular bodies (GB) arc present. X 25,600. 

FIGURE 1~ 

Large group of particles (VP) in abdominal MPC-1 tumor (8 days after inoculation). 
The mitochondria M, and M~ show some loss of structure. The plasma membrane 
(PM) is lined with fine granular material. X 28,000. 
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siderably in size from those found in the MPC-1 
tumors. They are more pleomorphic  and vary in 
size from 70 to 90 m~. The  particles found inside 
endoplasmic re t iculum (Fig. 10), however, had  
the same size and appearance  as those from MPC-1 
tumors. 

K Particle Purification and Cell-Free Transfer 
Experiments 

Cell-free Transfer: No positive results can be 
reported at present. A variety of extraction and  
inoculat ion techniques were carried out  with the 
X5563 tumor  and  (C3H X 101)F1 or (101 X 
C3H)F1 mice used as recipients. Approximate ly  
425 mice have received various uhracent r i fuged 
fractions of homogenized tumor  tissue. These 
experiments have been in progress for 6 to 12 
months.  Merwin  and Algire (3), however, report  
finding tumors  up  to 17 months  after the beginning 
of their experiments.  The  experiments in which 
filtered X5563 tissue culture superna tants  were 
used (see Part  II)  have been under  way for a 
shorter period. 

Electron Microscopy of Ultracentrifuged Fractions of 
MPC-1and X5563 Tumor Homogenates: Surprising 
difficulty was found in concent ra t ing  the particles 
from the tumors.  Scattered particles were seen in 
45,000 or 60,000g fractions of MPC-1 tumors.  

These seem to be diluted out  by a large micro- 
some or Palade granule fraction. In the cell 
fragments of the 10,000g fraction, many  particles 
were still present inside endoplasmic ret iculum, 
whether  War ing  Blendor homogenizat ion or 
mor ta r  and  pestle gr inding was used. Considerable 
numbers  of particles were seen in the 60,000g 
fraction from a te rminal  (61 days after inoculation) 
X5563 tumor.  The  suspension of the tumor  was 
prepared by gr inding with a mor ta r  and pestle. 
In most cases, the particles were c lumped in a 
manne r  suggesting tha t  portions of an aggregation 
had  been sedimented.  No particles were detected 
in ul t racentr ifuged fi'actions of the plasma of 6 
mice or of the ascites fluid of 6 mice (Table  I). 

D I S C U S S I O N  

The  electron microscopic examinat ion  of the 
MPC-1 tumor  demonst ra ted  tha t  particles are 
a b u n d a n t  in the tumor  plasma cells at  all the 
stages of evelopment  examined.  In the absence, 
to date, of any positive results from cell-free, or 
relatively cell-free, transmission experiments,  it 
cannot  be claimed tha t  the described particles 
are, in fact, viruses or the etiologic agents. The  
localization of the particles inside the endoplasmic 
re t iculum in the MPC-1 or early X5563 tumors 
is a striking phenomenon.  The  possibility was 

FIGURE 13 

A portion of the endoplasmic reticulum of the cell shown in Fig. 12 at higher magnifica- 
tion. The particles (VP) appear to be in the process of budding from the wall of the 
endoplasmic reticulum. At VP1 there is only a thickening of the wall, whereas particles 
VP2-VP4 appear to demonstrate the formation of neck attachment to the wall. At 
VP~, 2 particles appear to be joined by a single neck. Particles free in the saccule 
(VP~) are also shown. The indentations 5"1 and 5'2 appear to contain fewer Palade 
granules than the surrounding cytoplasm. X 85,000. 

FmVRE 14 

Particles (VP) in the Golgi region (MPC-1 tumor, 8 days after inoculation). The 
collection of smooth-walled vacuoles (V) is assumed to be part  of the Golgi apparatus. 
The particles VP1 and VP2 appear to be budding from a smooth portion of the saccule. 
A degenerated mitochondrion (M) and the granular body (GB) are also shown. 
X 32,600. 

FmuaE 15 

A particle (VP1) inside a granular body (GB). This particle may be compared with 
2 particles (VP2) lying inside the cndoplasmic reticulum. (Early abdominal tumor 8 
days after inoculation.) X 52,000. 
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considered tha t  these particles represented a local 
proliferation of the wall of the endoplasmic 
ret iculum. To investigate this, we examined 
st imulated normal  plasma cells. These showed no 
evidence of such particles. O the r  cell types of the 
tumor-bear ing  mice having a large amount  of 
endoplasmic re t iculum in the cytoplasm (pancreas, 
thyroid, liver, and salivary glands) were also 
examined for a possible similar proliferation, with  
negative results. Close re-examinat ion of the 
MPC-I  tumor,  part icular ly at a very early stage, 
showed tha t  particles do occur in the cytoplasmic 
matr ix  and  often in association with a dense, 
finely granular  material .  The  majori ty  of the 
particles of the late X5563 tumor  were present 
also in the cytoplasmic matr ix  and  often so closely 
packed in the Golgi area as to form an inclusion 
body. In bo th  tumor  types, particles were some- 
times seen inside the perinuclear  space and were 
a t tached to ei ther inner  or outer  nuclear  mem- 
branes. The  inner  membrane  is not  usually con- 
sidered to be par t  of the endoplasmic re t iculum 
structure, bu t  the outer  m e m b r a n e  in this mater ia l  
can frequently be seen to be continuous with it. 
Rarely,  in the MPC- I  tumor,  a particle appeared 
to be budding  from the plasma membrane .  

The particles are doughnu t  shaped (similar to 
viruses of Type A in Bernhard ' s  classification 
(13)) whenever  they are present at a cell surface 
(endoplasmic ret iculum, nuclear  membranes ,  and  
plasma membrane) .  They are remarkably  uniform 

in size (77 m#) and  do not  show a dense center.  
When  the particles are present in the cytoplasmic 
matrix,  however, they are larger and more pleo- 
morphic.  The center is usually dense and  may 
show the presence of a small nucleoid, or other 
fine structure. Some portions of the wall of the 
endoplasmic re t iculum are thickened but  other  
portions show two dense layers tha t  bulge (Jut 
into the saccule. The  inner  layer of some particles 
forms a complete sphere but  the outer layer is 
constricted to a neck and  is cont inuous with the 
wall of the endoplasmic reticulum. 

The  granular  bodies described seem to have 
an association with the particles. The na ture  of the 
granular  bodies as they occur in normal  cells is 
not  yet fully understood.  Similar structures have 
been described in normal  and neoplastic myelo- 
blasts of the chicken (14, 15). Weissenfels (16) de- 
scribes identical structures in several mouse tumor  
cells and  believes them to be precursors of mito- 
chondria.  In the present examinat ion of normal  
and  tumor  plasma cells, evidence of a double 
outer membrane  and  internal  structures resem- 
bling cristae was frequently obtained.  The  con- 
clusion tha t  the granular  bodies, at  least those of 
smaller size, are early forms o fmi tochondr ia  seems 
justifiable. These structures seemed of par t icular  
interest in the plasma-cell tumors  studied because 
of the occasional finding of particles inside them 
(Fig. 15) and the large numbers  distr ibuted in the 
inclusion bodies of late X5563 tumors (Fig. 17). 

FIGURE 16 

Low magnification view of typical plasma cell from a late (61 days after inoculation) 
X5563 tumor. A large aggregation of particle (IB) lies in the region of the Golgi 
apparatus. A few particles (VP) are found inside endoplasmic reticulum (ER). The 
mitochondria (M) show loss of structure. X 8900. 

FIGURE 17 

A portion of an aggregation of particles similar to that  illustrated in Fig. 16 (IB). 
The particles arc pleomorphic. Those at VP, and VP._, have a dense nucleoid. The 
particle at VP3 has a hollow center. The granular body (GB) shows a suggestion of 
cristae (CR). X 49,200. 

FIGURE ]S 

Particles (VP) at higher magnification. Taken from an inclusion present in a plasma 
cell of large X5563 tumor (61 days after inoculation). The particles VP, and VP3 
show additional linear structures in their center, and particle VP2 appears to have a 
granular ultrastructure at its center. X 124,000. 
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Particles are found more frequently inside granular  
bodies in tissue cultures of X5563 tumors (see 

Part  II).  In avian myeloblastosis, the granular  
bodies of the myeloblasts in vivo contain very few 
recognizable virus particles; in a tissue culture ill 
an enriched med ium (14, 15) large numbers  of 
mature  particles seem to develop from these 
structures. 

Peculiar difficulties seem to be connected with 
the isolation and purification of these particles. 
The  MPC-1 and X5563 tumors contain large 
numbers  of particles in the cytoplasm, but  particles 
were very infrequent  outside of the cells. An 
extensive search for particles in the plasma and 
ascites fluid of the mice bear ing the MPC-1 
tumor  was also negative. Relatively few particles 
were seen free inside the endoplasmic re t iculum 

(the majori ty being a t tached to the wall of the 

saccule) and,  apparent ly ,  none outside the cells 
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