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Studies on relationship of viruses to origin
of tumors have led to important discoveries
through employment of methods such as use
of newborn animals. electron microscopy of
ultrathin sections of different tumors, and
tissue culture(1-13). Results of our studies
on mouse leukemia and chicken leukosis,
based on electron microscopy alone or com-
bined with biological and biophysical meth-
ods, have been reported(14-19). In view of
results obtained by others(20-23) and our-
selves. a study of the relationship of viruses
to origin of human leukemia was undertaken.

Material and methods. Lymph nodes ob-
tained by surgical biopsy from patients with
different types of leukemia, lymphoma and
from patients with non-neoplastic diseases
were used. Part of material was immediately
fixed for electron microscopy(14); part used
for tissue culture; part for histology; and the
rest, finely minced and resuspended in 5.3%
glucose for storage at —70°C. Material for
tissue culture was minced. trypsinized in 0.2%
trypsin (“Difco” in Ca- and Mg-free Hanks
B.S.S.) for 20 minutes at room temperature.
centrifuged for 10 minutes at 1,200 X g at
0°C and resuspended in complete medium.
Eagle’s basal medium with 20% inactivated
human serum and 100 units ml penicillin and
100 ug/ml streptomycin was used. Resus-
pended cells were grown in T-30 culture
flasks. Medium changes were made not less
than once a week. Recently, somewhat better
results have been obtained using M199 with
amino acid mixture, vitamins and glutamine
(as used in Eagle’s medium), 0.5% lactalbu-
min hydrolysate (General Biochemicals) and
15-20% calf serum (Colorado Serum Co.,
Denver). For phase-contrast and electron
microscope studies, part of successfully grown
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material was maintained in Sykes-Moore tis-
sue culture chambers(24). For electron mi-
croscopy, cells were fixed 20 minutes in buf-
fered 1% osmium tetroxide, dehydrated and
embedded in n-buty! methacrylate using simi-
lar time intervals. An RCA EMU 3A elec-
tron microscope during earlier and an EMU
3E model during later part of studies were
used. Cell-free extracts of biopsy material
were tested on monkey kidney cell cultures.
Both original and tissue culture material were
inoculated into newborn Swiss (Holtzman),
(,HZb/Bi, and C3H/BI mice.

Results. Electron microscopy of ultrathin
sections of biopsy material revealed changes
in cytoplasmic constituents of cells of leuke-
mic and non-leukemic lymph nodes, similar to
those observed in cells of mouse leukemia and
chicken leukosis(14-19). In addition, char-
acteristic virus particles have been found in
cells from lymph nodes of certain cases of
leukemia (Table I). No virus particles could
be found in several hundred sections of lymph
nodes from 5 non-leukemic patients. The
particles are present in inclusion bodies (Fig.
1 and 1a) and scattered outside the cytoplasm
(Fig. 2). They have an average diameter of
000 A, an internal dense core, surrounded by
one or 2 limiting membranes. There appears

TABLE I. Electron Microscope Study of Lymph
Nodes from Biopsy Cases of Human Leukemia.

Virus-like

particles
Dingnosis Age Sex observed
Acute lymphatie 15 Q Yes
28 2 ”
18 Q No
45 3 ”
22 Q ”
19 & Yes
Clironie monoeytie 71 3 No
Aeute monoceytice 20 Q ”
Acute myeloid 22 Q Yes
Lymphosarcoma 48 3 ”
62 & No
Hodgkin’s disease 23 & ”
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to be no difference in size or internal struc-
ture of particles in lymph nodes of different
types of leukemia and lymphosarcoma.

In cases of acute lymphatic, myeloid leuke-
mia, and lymphosarcoma, in which virus par-
ticles were observed, an occasional isolated
area in the enlarged lymph node showed pres-
ence of these particles in approximately one
out of 30 sections. In other areas of this same
tissue, no particles were found in several hun-
dred sections examined.

Cells grown in vitro from lymph nodes of a
number of patients with different types of
leukemia and lymphosarcoma revealed
changes suggestive of a cytopathogenic agent.
Increased granularity of cytoplasm, vacuoliza-
tion, formation of inclusions, leading occa-
sionally to scattered breakdown of cells, were
frequently observed (Fig. 3, 4, and 5). The
number of cases examined and results follow-
ing varying number of passages are shown in
Table II. Similar studies of 4 non-leukemic
lymph nodes failed to reveal any changes.

Electron microscopy of cells grown in tissue
culture from a case of malignant lymphoma
(lymphosarcoma) which showed the described
changes in vitro revealed virus particles in in-
clusion bodies similar to those seen in ultra-
thin sections of biopsy specimens (Fig. 6 and
6a).

Cell-free extracts from lymph nodes of 8
patients (2 acute lymphatic, 1 chronic lym-
phatic, 2 acute myeloid leukemia and 3 malig-
nant lymphoma) have been tested on monkey
kidney cell cultures up to 10 sequential pas-
sages. Changes, suggestive of a cytopatho-
genic effect, occurred in all cases of tested
leukemic lymph nodes from passages 2
through 8, but were not observed in 9th or
10th passage. Material from tissue culture
passages has been tested in mice and part

FIG. 1. Electron micrograph of section of bi-
opsy speeimen from lymph node of case of lympho-

sarcoma. Inclusion bodies with virus particles
present in eytoplasm of eell. Magnification 6480 X.

FIG. 1la. Inclusion body with virus partieles at
higher magnification. 38,880 X.

FIG. 2. Extracellular virus particles in specimen
shown in Fig. 1. Magnification 6480 X.

TFIG. 3. Phase photomicrograph of cell from ease
of acute monoeytic leukemia, 7th passage, 22-day
S-M chamber culture, showing perinuclear inelu-
sion. Magnification 108 X.

FIG. 4. Phasc photomicrograph of cells from
case of acute myeloid leukemia, 7th passage, 20-
day S-M chamber culture, showing eytoplasmie in-
clusions. Magnification 135 X.

FIG. 5. Breakdown cells from same case as Fig.
4, Tth passage, 7-day S-M chamber culture. Mag-
nification 108 X.

TABLE II. Behavior of Human TLeukemie and Liymphomatous Tissues In Vitro.

—————Cytopathogenic changes——————
No. grown No. with Appearance
Type of tumor invitro  changes No. of passage in weeks
Acute lymphocytie leukemia 7 4 2:10:4:1 2—- 4
”  granuloeytic ” 4 3 4:4:6 4- 6
”  monocytic ” 1 — — —
Chronic Iymphatic ” 2 1 8 12
Hodgkin’s disease 2 2 1:1 2— 4
Lymphoma excluding Hodgkin's 8 5 1:1:1:2:4 2-12
Normal lymph nodes 4 — — —
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FIG. 6. Electron mierograph of section of cells
grown in vitro, from lymph node of same case as
Fig. 1, 7th passage, showing virus partieles. Mag-
nification 18,240 X.

_ FIG. 6a. Virus particles at higher magnification
in area shown in Fig. 6. Magnification 59,280 X.

stored at —70°C for future use. Cell-free
extract from a non-leukemic lymph node in-
duced no changes during 5 sequential pas-
sages on monkey kidney cell cultures.
Results of bioassays of cell-free extracts of
biopsy specimens and of fluids from monkey
kidney cultures treated with these extracts in
newborn Swiss (Holtzman), C;HZb/Bi and
C;H/Bi mice are shown in Tables III, IV,
and V. The incidence of spontaneous leuke-
mia in Swiss (Holtzman) mice is approxi-
mately 1% at 12 months of age, and less than
0.5% at much later age in C3HZb/Bi and
C;H/Bi mice. The induction up to 18% of
leukemia at an early age by material from one
case of acute lymphatic leukemia cannot be
considered significant, in view of the develop-
ment of leukemia in 109% of uninoculated lit-
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ter-mate control animals at a similar age. In
addition, newborn Swiss (Holtzman) mice
injected with untreated monkey kidney cul-
ture fluids developed increased incidence of
leukemia (Table VI). The incidence of mam-
mary tumors (MT) and hemorrhagic disease
(H) in inoculated animals was comparable
to that in uninoculated litter-mate controls.

Discussion. The study of ultrathin sections
of lymph nodes from 12 patients with leuke-
mia or malignant lymphoma revealed in cells
of all cases, vacuolization of cytoplasm,
breakdown of mitochondria and endoplasmic
reticulum, which were also found in cells of
lymph nodes from 5 patients with non-neo-
plastic disease. In addition to these changes,
inclusion bodies with spheroidal particles of a
characteristic structure were found in the
cytoplasm of cells from lymph nodes of 3 pa-
tients with acute lymphocytic, 1 with acute
myeloid leukemia, and 1 with lymphosarcoma.
The virus particles are in all cases of similar
size and appearance. They have not been ob-
served in cells of non-leukemic lymph nodes.
The particles may represent a virus uncon-
nected with leukemia.

Changes suggestive of presence of a virus
have been observed in cells of lymph nodes
grown in vitro from 15 out of 24 cases with
different types of leukemia and lymphosar-
coma. Such changes have not been seen in
cells of lymph nodes during a similar number
of passages in tissue culture from 5 patients
with non-neoplastic disease. They have been

TABLE III, Newborn Mice Injeeted with Extracts of Human Leukemic Organs.

Avg age of
Duration leukemia
of exp. Mice used No. with leu- development
Exp. Diagnosis (mo) (litter-mates) kemia/No. inj. (mo)
HL #1 Acute Iymphoeytic 15-17 Swiss —Inj. 44/244 (4-2H) 9
leukemia —Controls 6/65 10
C,HZb—1Inj. 3/50 (+1MT) 10
(+1H)
—Controls 0/6 C—
HL #2 Acute myeloid 15 Swiss —Inj. 3/15 8
leukemia —Controls 1/7 14
C,HZb—1Inj. 1/14 (41H) 5
—Controls 0/11 —
HL #3 Acute myeloid 12 Swiss —1Inj. 1/23 (+2H) 5
lenkemia (4+2MT)
—Controls 1/9 8
C;HZb—Inj. 0/6

—Controls 0/5
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TABLE IV, Newborn Mice Injected with Extracts of Human Leukemiec Organs.
Avg age of
Duration leukemia,
. of exp. Miee used No. with leu- development
Exp. Diagnosis (mo) (litter-mates) kemia/No. inj. (mo)
HL #5  Lymphosarcoma (fol- 11 Swiss —Inj. 5/72 (+3MT) 5
lieular Iymphoma) * (+1H)
—Controls 2/34 7
C;HZb—1Inj. 1/25 6
—~Controls 0/13 —_
HIL #6  Lymphosarcoma 10 Swiss —Inj. 5/54 5
(lymphocytie type) —Controls 2/32 8
C;HZb—1Inj. 0/28 —
—Controls 1/16 8
HL #8  Chronie Iymphocytic 8 Swiss —Inj. 1/30 6
leukemia, —Controls 1/20 5
CsHZb—Inj. 1/28 6
—Controls 0/14 —_

* And chronie lymphoeytie leukemia.
TABLE V. Newborn Mice Injected with Fluids from Tissu

e Cultures Treated with Extracts
of Human Leukemic Organs.

Avg age of
Duration leukemia
of exp. Mice used No. with leu- development
Exp. Diagnosis (mo) (litter-mates) kemia/No. inj. (mo)
HL #5  Lymphosarcoma (fol- 11 Swiss —Inj. 3/60 7
licular Iymphoma) —Controls 3/40 5
CH —Inj. 1/40 4
—Controls 0/18 —
HL #6  Lymphosarcoma 10 Swiss —Inj. 12/177 (4+3MT) 6
(lymphocytie type) —Controls 5/92 (+3MT) 8
HL #7  Acute lymphocytic 9 Swiss —Inj, 12/176 (+2MT) 6
leukemia —Controls 7/96 (+3MT) 8

found in cells of leukemic lymph nodes, both
positive and negative for presence of virus
particles in electron microscope studies. In
one case of lymphosarcoma in which virus
particles were seen in the biopsy specimen,
similar virus particles were also demonstrated
in cells of this material grown iz vifro which
had shown cytopathogenic changes.

Monkey kidney cell cultures, when used for
testing extracts of leukemic lymph nodes,
present a drawback because of presence of
simian viruses. However, control cultures
treated with fluids from uninoculated monkey
kidney cultures failed to show any changes.
Extracts of lymph nodes have also been
tested on human embryo cultures. In tests,
so far carried out, changes have been observed
during first passage which could not be trans-
mitted serially. Experiments to isolate an in-
fective agent in human embryo cultures are
being continued using different technics.

In bioassays of cell-free extracts of biopsy
material from leukemic lymph nodes and of
fluids of monkey kidney cell cultures treated
with extracts of these lymph nodes, no signifi-
cant difference in incidence of leukemia was
observed between inoculated and uninoculated
litter-mate control animals. The increase in
incidence of leukemia in uninoculated litter-
mate controls and in mice, following inocula-
tion of untreated culture material, is of inter-
est. Inhibition of hemagglutination tests
(25), using sera of Swiss (Holtzman) mice
from our colony against polyoma virus (ob-

TABLE VI. Newborn Miece Injeeted with Un-
treated Monkey Kidney Fluids.

Avg age of
Duration No. with leu- leukemia
of exp. Mice used kemia/No.  developm’t
(mo) (litter-mates) inj. (mo)
7t010 Swiss-inj. 6/104 6
—controls 5/41 5
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tained through the courtesy of Dr. Sarah
Stewart), have shown high titers indicating
infection with the virus. Tt should be noted.
however, that fluids from cultures of lymph
nodes showing cytopathogenic changes failed
to give hemagglutination of guinea-pig red
cells(26).

Summary. 1) Electron microscope studies
have been carried out on ultrathin sections of
lymph nodes from 6 patients with acute lym-
phatic, 1 with acute and 1 with chronic mono-
cytic, 1 with acute myeloid leukemia, 2 with
lymphosarcoma and 1 with Hodgkin’s disease.
Virus particles of approximately 900 A in di-
ameter have been observed in cells of lymph
nodes from 3 cases of acute lymphatic, 1 of
acute myeloid leukemia and 1 of lymphosar-
coma. Similar studies of sections of lymph
nodes from S non-leukemic patients have failed
to reveal presence of virus particles. 2) Cyto-
pathogenic changes have been observed in
cells of lymph nodes grown in vitro from 15
out of 24 patients with leukemia and lympho-
sarcoma. Cells of lymph nodes grown in vitro
from 4 non-leukemic patients have not shown
changes observed in lymph nodes from leuke-
mic patients during similar number of pas-
sages. Cell-free extracts of lymph nodes from
8 patients tested have induced changes in
monkey kidney cell cultures which could be
serially transmitted. These changes have not
been seen in similar cultures treated with ex-
tract of a non-leukemic lymph node. Ex-
tracts of leukemic lymph nodes which induced
changes in monkey kidney cell cultures did
not have a similar effect in human embryo
cultures. 3) Cell-free extracts of biopsy ma-
terial from leukemic and lymphomatous
lymph nodes and fluids from monkey kidney
cell cultures treated with these extracts have
not shown specific leukemia-inducing activity
in Swiss (Holtzman), C;HZb/Bi and C;H/Bi
strain mice. 4) It is of particular interest
that in one patient with lymphosarcoma, not
only were virus particles observed in ultrathin
sections of the biopsy specimens, but also
similar virus particles have been found in
cells from the same specimen, grown in vitro
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for 6 sequential passages during which cyto-
pathogenic changes had been observed.
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