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antibody preparations studied, most, if not all, 
of the peptides observed come from the in- 
variable portions of the L chains and Fd’ 
fragments. The results obtained are, therefore, 
not surprising, but beforehand it was con- 
sidered possible that if the “PLL gene,” which 
is required for the immune response to DNP- 
PLL codes for some partial specificity for 
PLL, it could determine the sequence of a 
common segment in the variable portion of 
the L chain or the Fd fragment of anti-DNP- 
PLL antibodies produced by responder guinea 
pigs. Such a segment would be expected to be 
absent in antibodies produced by guinea pigs 
lacking the PLL gene. If such a structural 
difference did exist, it might result in extra 
peptides in the maps of antibodies from 
genetic responder animals. This result was not 
observed. The minor differences consisting of 
3 faint spots present only in the maps of 
F (ab’ ) fragments from responder animals 
would seem to be insufficient to support this 
interpretation for the following reasons : the 
3 spots in question were relatively faint and 
probably do not represent sequences common 
to all the molecules in the sample, and in other 
experiments similar spots were observed in 
maps of F(ab’)2 fragments from normal non- 
specific immunoglobulins and from anti-DNP- 
bovine gamma globulin (BGG) antibodies 
(Fig. 1 D ) .  Therefore, these experiments are 
consistent with the concept that the PLL gene 
does not control directly the strucure of anti- 

hapten-PLL antibodies but acts a t  an earlier 
step in the immune ‘response, perhaps at the 
stage where antigen has to be specifically pr+ 
cessed to be immunogenic. 

Summary. Peptide map of F(ab’)2 frag- 
ments of anti-DNP-PLL antibodies obtained 
from responder guinea pigs immunized with 
DNP-PLL and from guinea pigs lacking the 
PLL gene immunized with DNP-PLL oval- 
bumin complexes were compared. No struc- 
tural differences that could be attributed to the 
“PLL gene” were observed. 

We thank Dr. V. Nussenzweig for the rabbit anti- 
sera. 
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Biologic Activity of African Lymphoma Extracts* (32893) 

FERNANDA BERGAMINI, PATRICIA FROST, AND GILBERT DALLDORF 
Walker Laboratory, Sloan-Kettering Institute, Rye, Ne7u York 10580 

The present report describes certain biologic 
effects observed in cultured cells following 
treatment with extracts of malignant lyrn- 
phomas (Burkiitt’s tumor) collected in Africa. 
The observations were m,ade as part of a com- 
bined field (1) and laboratory study of the 
disease which is a common form of malignancy 
among children in central Africa ( 2 )  and New 
Guinea ( 3 )  and occurs infrequently elsewhere. 

* Supported in part by NCI Grant CA-08748. 

Muterials and Methods. Patients. The 
illnesses represented in the present study con- 
formed to the pattern described by workers 
in Africa (4, 5 )  and the average age of the 
patients was seven, years. 

Specimens. Tumor biopsies were collected 
in the operating room where cytologic prepa- 
rations were made and samples selected for 
histologic examination. Since many of these 
tumors contain large areas of necrosis, the 
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samples were usually dissected and only the 
viable areas chosen for culture. Bone marrow 
samples were collected from as many sites as 
possible and usually pooled. Tumor, bone mar- 
row, and fecal samples were promptly frozen 
and stored with dry ice. Fresh blood samples 
were allowed to coagulate at  room tempera- 
ture and the serum and clot were frozen sepa- 
ra tely. 

Eight solid tumors of mice (melanomas and 
Ehrlich carcinomas) and 4 spleens of leukemic 
mice (Friend virus leukemia and Rauscher 
virus leukemia) were tested immediately after 
autopsy and extract preparation. 

Ten tumor (lymphoma) cell cultures were 
tested. Eight of these (EB-1, EB-2, EB-3, 
Kudi, Jiyoye, Raji, Ogun, and SL-1) were 
provided by Dr. L. Old. The B-25-M was 
given to us by Dr. G .  Moore. The Makoha cell 
line was established in this laboratory. 

Tissue culture. Tumor and fecal specimens 
were ground with alundum, suspended in 
saline, centrifuged lightly and the supernatants 
were applied to cell cultures of primary hu- 
man amnion (PHA), human embryonic kid- 
ney (HEK) and human embryonic lung (WI- 
26). The marrow and blood clot specimens 
were homogenized, centrifuged, and super- 
natants were inoculated into the same three 
cell cultures. 

The PHA cultures were maintained in vari- 
ous media: Bodian’s, LY, M150 or Eagle’s 
basal medium. The HEK cultures were main- 
tained in monkey kidney medium B. WI-26 
cells were carried in LY medium. The media 
were all supplemented with fetal calf serum, 
final concentration 5%, and all contained 100 
units of penicillin and 100 pg of strepto- 
mycin/ml. 

Blind passages of tissue culture fluids were 
made into primary cell cultures and into ad- 
ditional cell lines including human amnion 
(FL),  hamster lung (Hsu), grivet monkey 
kidney (GMK),  baby hamster kidney (BHK- 
2 1 )  and human embryonic lung (HEL). FL, 
BHK-21 and HEL cells were maintained in 
Eagle’s basal medium with 5% fetal calf se- 
rum; Hsu cells in Eagle’s minimal essential 
medium with 5% fetal calf serum; GMK 
cells in Monkey Kidney Medium B with 2% 
fetal calf serum. 

In addition to  passing supernatant fluids 

from inoculated cultures, passages of intact 
cells and of extracts of disrupted cells were 
made. Cells were either trypsinized or scraped 
gently from the growing surface and seeded 
into new cell cultures or into new containers. 
Some cultures were rapidly frozen and thawed 
three times, centrifuged, and the supernatants 
were inoculated into fresh cell cultures. Others 
were ultrasonicated, centrifuged, and the 
supernatants were p d .  

Challenge of amnion cultures. For challenge, 
the following viral suspensions were used: 
Sindbis virus strain 167H chicken fibroblast 
passage; Bunyamwera virus strain 49 mouse 
passage, Hsu  passage; Echo virus type 11 
GMK passage, GMK passage.‘ Fresh tissue 
culture harvests of the viruses were cen- 
trifuged at  3000 rpm for 1 5  min and the 
supernatants stored at  -80°C. Titrations 
were performed in PHA t u b e  cultures, and 
1cK) and lo00 TCIDoo were used for challenge. 
Cell cultures were washed !twice with main- 
tenance medium, inoculated with the virus 
suspension and re-fed with maintenance me- 
dium. 

Interferon assay. Supernatant fluids of al- 
tered amnion cultures and of uninocularted 
controls were withdrawn and centrifuged at 
1000 rpm for 15 min. A 0.2-ml portion of the 
supernatants was inoculated into each of 4 
or 6 tube cultures of PHA. Twenty-four hours 
later, 1 0 0  TCIDSo of challenge virus were 
added to half of these tubes. 

Actinomycin D treatment. Four specimens 
causing the PHA alterations were tested again 
in PHA cultures pretreated for 4 hours with 
Actinomycin D1, according to the method of 
Heller (6). 

Results. Amnion alterations. Thirty-nine 
specimens, from 18 patients, were tested in 
PHA cell cultures as described, and 13 in- 
duced irreversible morphological changes. The 
frequency of activity was higher with tumor 
extracts ( 5  active of 10 ltested) than with bone 
marrow ( 5  active of 15 tested), and lowest 
with blood clots (3 active of 14 tested). 

The morphological changes usually ap- 
peared between the sixth to the eighth day 

1 The Sindbis virus was provided by John Enders, 
the Bunyamwera by Dr. R .  Speir and the Echo 
strain by Dr. H. Malherbe. 
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after inoculation. Most cultures had by then 
had 2 or 3 fluid changes. The cells became 
elongated and curved, and aligned to  form 
twisting patterns in a luxuriant hyaline sheet 
with smooth edges. Such cells appeared less 
granular, less vacuolated, smoother and more 
three-dimensional than the normal polygonal, 
flat PHA cells. They were also very different 
from the thin, sharp fibroblastic cells some- 
times appearing in old cultures. The entire 
cullture was usually involved within the day, 
and altered sheets endured for many weeks, 
long after the control cultures showed com- 
plete degeneration. No loss of contact in- 
hibition occurred, and no pH changes a p  
peared. 

Stained altered cultures often showed a 
linear array of 3 or 4 nuclei in an in’tensely 
eosinophilic cytoplasm, the cells arranged in 
tightly-packed whorls interspersed with a few 
flat polygonal cells (Figs. 1 and 2 ) .  No in- 
crease in mi totic activity was observed. 

The active specimens repeatedly induced 
the alterations, but attempts to ltransfer the 
effect to new PHA cultures were fruitless. 
Supernatant fluids from altered cultures were 
passed directly to new cells, or after frac- 
tionation by centrifugation. When volume per- 
mitted, transfers of intact altered cells were 
made, or extracts of disrupted altered cultures 
were passed. The morphologic effect was never 
transferred. 

When the size of ,tumor samples permitted, 
extracts were prepared from 20% suspensions 
of tissue. In these instances the titer of the 
metamorphic activity was tested using serial 
dilutions of the extract. In only one instance 
did 3 1 to 10 dilution induce the morphologic 
alterations. In all other cases, only the un- 
diluted fluids were active. 

The inoculation of PHA cultures with two 
specimens that had caused metamorphosis was 
repeated incorporating patients’ sera into the 
maintenance medium. Two sera, one from a 
patient in remission and the other from a 
patient in an early stage of the disease, were 
substituted for the usual serum supplement in 
the tissue culture medium. These cultures 
were maintained as before, except always in 
the presence of the patients’ sera. The cell al- 
terations occurred as before, unaffected by the 
presence of the sera. 

Thirty-seven specimens, mostly bone mar- 
rows and blood clots, from 26 patients with 
other neoplastic diseases, but including 11 
with leukemia and 1 with Hodgkin’s disease, 
failed to  induce PHA changes. Stool speci- 
mens from the same patients were also tested. 
Two of these induced rnorphdogic alterations 
of PHA cells but in both cases late CPE oc- 
curred and adenoviruses were isolated. 

Similarly tested in PHA cultures were 
freshly prepared extracts of 8 solid tumors of 
mice and 4 spleens of leukemic mice. None in- 
duced morphological or other visible al- 
terations of the cells. The ten established 
Burkitt tumor cell lines also failed to induce 
amnion lesions. Seven of these have been 
reported by others to contain herpes-like virus 
particles. 

A degree of cellular proliferation and 
realignment suggestive of the initial stage of 
alteration was observed in PHA cultures 
during the early stages of infection with a 
poxvirus isolated from one of the African 
lymphomas. Between foci of CPE, areas of in- 
creased cell density appeared with a luxuriant, 
hyaline aspect and realignment of cells re- 
sembling the changes associated with active 
extracts. However, in this case the cells did 
not undergo the elongation and curving char- 
acteristic of the other activity and the effect 
disappeared within a few days as the CPE 
spread throughout the culture. In repeated 
tests of this tumor and the poxvirus isolate 
with varying dosage and inactivation methods, 
the temporary proliferative response often a p  
peared but permanent alteration was never 
produced. 

Mycoplasma had been isolated from a 
number of the specimens (7) and representa- 
tive strains were tested for their effect on 
amnion cell cultures. None induced the char- 
acteristic changes. Massive doses (106 colony 
forming units/ml) commonly caused a faintly 
granular appearance and inconstantly a 
degree of gradual necrosis. Lower doses ( l@- 
105 CFU/ml) were followed by more rapid 
growth of the amnion cells and an increase in 
the mitotic index during the 5 days following 
inoculation. 

Thirty-nine specimens that were com- 
prehensively tested both for the amnion effect 
and the presence of mycoplasma (Table I) 
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FIG. 1 .  Uninoculated primary human amnion culture, H. and E, 100 X . 
Flc. 2 .  Morphologic responses of amnion cells l o  a tumor extract; day 18; H and E, 100 X. 
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TABTJE I. Rrsults of Coiii~)rehcnsivo Tests for the Presence of Mycoplasma and the Amnion 
Effect. 

The no. showing 

Amnion effect Amnion effect 
Specimeii No. tested only PPLO only and PPLO Neither 

Tumor 10 
Bone marrow 15 
Rloocl clot 14 

4 
4 
2 

1 
3 
1 

4 
7 
10 

showed that the two were only erratically as- 
sociated. Nor did kanamycin prevent the 
evolution of the morphdogic response when 
the amnion cultures were kept in presence of 
2 0 0  pg/ml of kanamycin, a dose greatly in ex- 
cess of the minimal mycoplasma-inhibiting 
dose ( 10 pg/ml). 

Resistance t o  viral infection. The persis- 
tence of the PHA effect distinguished it from 
similar changes others have associated with 
the action of interferon (8). Moreover, super- 
natants of the altered cultures gave no evi- 
dence of interferon activity. Nor did pretreat- 
ment of the cells with Actinomycin D influence 
the outcome. Nevertheless altered PHA cul- 
tures when challenged with 100 to loo0 
TCIDs0 of Sindbis or Bunyamwera viruses 
were completely resistant as judged by the 
absence of cytopathic changes. Several altered 
cultures similarly resisted infection by an 
Echo virus (type 11). 

Isolation of viruses and other agents. Viruses 
were at times isolated from lymphoma speci- 
mens. The results have been reported else- 
where ( 9 ) .  Six viruses were isolated directly 
in PHA. One enterovirus strain, untyped, was 
isolated from a tumor extract. The vaccinia 
virus was recovered from a t u m r  which had 
been sampled 1 1  days after vaccination. Four 
viruses were recovered from fecal specimens: 
2 reoviruses, 1 adenovilrus, and 1 Coxsackie 
B virus. Candida albicans was recovered twice 
from tumors of the oral cavity. 

Discussion. We have no direot evidence of 
relationship of the amnion lesions to the 
disease other than the frequent association 
(13 of 39 specimens induced the changes) 
and the greater frequency of activity in tumor 
specimens than in marrow or blood clot. That 
bone marrow cells showed activity is con- 
sonant with our conception of these African 

tumors as a form of malignant lymphoma of 
childhood that is conditioned by environmental 
forces ( l o ) .  Patients included in the present 
series frequently were demonstrated to have 
bone marrow lesions compatible with lympho- 
blastic leukemia. 

Somewhat similar changes of primwy hu- 
man amnion cultures have been attributed by 
others to interferon (8), to infection with a 
variant type 2 poliovirus ( 11) and to treat- 
ment with human neoplastic specimens (142). 
Rather similar changes in primary amnion 
cells were encountered by Bernkopf et d. (13) 
following inoculation with inactivated vac- 
cinia virus. However in this instance the 
lesions appeared within a day after exposure of 
the cells and led to disintegration shortly 
afterward. They suspected toxic activity. 

The time relationships we have met re- 
semble the effects of defective viruses en- 
countered by others in the search for t u m r  
viruses (14) .  Interestingly we have observed 
the amnion alterations in cultures which 
eventually yielded known viruses (several 
adenoviruses, one enterovirus and two reo- 
viruses). In these cases the morphologic 
changes preceded frank cytopathogenicity by 
considerable periods and since the isolates 
were incapable of reproducing the morphologic 
effect it may be questioned whether two agents 
played a part. 

There is reason to believe that the amnion 
response may be governed by factors extrinsic 
to the inocula since specimens tested earlier in 
amnion cell cultures in the presence of horse 
rather than fetal calf serum yielded no such 
effects. Influence of serum type on morphologic 
alterations of cells has been noted by others 

Nucleic acid preparations are said to induce 
morphologic changes in cultured cells. Jones’ 

(14-1 7 ) .  
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observations of cell alterations caused by 
tumor RNA (18) and the report by Shepley 
et al. of permanent alterations induced by 
nucleic acids (19) may be relevant. Of partic- 
ular interest is the report of Osato and It0 of 
morphologic alterations in human embryonic 
cells following treatment with cell-free super- 
natants of cultured human leukemic cells 
(20) .  It was not stated whether such altered 
cells were resistant to infection. 

Resistance to superinfection has been char- 
acteristic of our experience and seems to imply 
the presence of infection and interference 
either by intracellular competition or by in- 
terferon production. I t  is tempting to think of 
the latter because of the resemblance 04 the 
changes to the interferon effect in primary hu- 
man amnion cells described by Gresser (8 ) .  
Others have reported interferon production 
and resistance to viral infection by cell lines 
derived from Burkitt lymphoma (2  1-23). Un- 
certainty on this and other aspects of our 
study is a consequence of the limited size of 
the specimens and the failure to devise a. con- 
tinuous source of the activity. 

We have no indication to associate the 
herpes-like virus frequently demonstrated in 
cultured Burkitt tumor cells with the amnion 
lesions. Various altered amnion cultures were 
examined visually (EM) without evidence of 
the presence of such viruses and none of the 
seven strains of cultured Burkitt tumor cells 
known to harbor the herpes-like forms (24)  
induced alterations in our amnion cultures. 

The significance of these viruses which 
Epstein first found in cultured tumor cells and 
which have since, on one occasion, been seen 
in tumor as well (25)  is a matter of lively in- 
terest. They have been transmitted Ito other 
cells (26, 27) but only under very special 
circumstances. Their association with the 
disease is supported by a number of serologic 
studies that seem to relate them to the anti- 
bodies sometimes present in children with 
lymphomas (28-3 1). On the other hand anti- 
bodies are more frequently present in the sera 
of patients with postnasal space cancers both 
in Africa and in North America (30) .  This 
has been true of our own serum specimens as 
well. 

I n  Kenya where both postnasal space can- 
cers and the jaw and ovarian lymphomas are 

relatively common we found the former largely 
limited to the higher and colder areas and the 
lymphomas Ito ,the lowlands. Thus the distribu- 
tion of the herpes-like virus, as judged by 
serologic tests, does not conform to the 
geographic distribution of the lymphomas 
which is thought to be a characteristic of 
Burkitt’s tumor. It is therefore difficult to 
relate the herpes-like virus with the original 
theory (32)  of an infectious (virus) disease 
limited to areas where tropical mosquitoes are 
common and possibly mosquito-transmitted. 
If, on the other hand, the disease is a modified 
form of malignant lymphoma Epstein’s virus 
may be the ubiquitous, primary etiologic 
agent. Alternatively i t  may be a widely 
distributed virus that has previously escaped 
detection because of its lack of pathogenicity 
for laboratory animals, difficulty of cultivation 
in vitro and lack of pathogenicity for man. 

Summary. Extracts of African lymphomas 
(Burkitt’s tumor) frequently induced m r -  
phologic alterations in cultured primary hu- 
man amnion cells. The changes were associated 
with resistance to infection by several viruses. 

June Biedler took part in these studies both in 
chromosomal studies and in mycoplasma testing. 
JBrgen Fogh was helpful in many ways and Eliza- 
beth Hazen was responsible for mycologic examina- 
tions. Isobel Spence collaborated in serological and 
cultural studies. Theresa Gouaux was largely respon- 
sible for the mycoplasma testing. 
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The Effect of Oral and Intravenous D-Ribose on Plasma Insulin 
Levels in Unanesthetized Dogs* (32894) 

JEFFREY B.  HALTER,^ MARSHALL Z.  SCHWARTZ,~ AND FREDERICK C. GOETZ 
Endocrim Research Unit, Department of Medicine, University of Minnesota 

Hospitals, Minneapolis, Minnesota 55455 

Although it is widely acknowledged (1-6) 
that increased blood glucose levels have a 
direct stimulating effect on pancreatic p-cells, 
there has been evidence indicating that sec- 
ondary, extrapancreatic mechanism (s) for in- 
sulin secretion exist. Some of this evidence has 
indicated that the response to D-ribose may 
involve such a mechanism. I t  has been shown 
that intravenous administration of ribose 
causes hypoglycemia in both man ( 7 )  and 
anesthetized dogs (3 ) .  In addition, int,ra- 
portal infusion of ribose into anesthetized dogs 
has resulted in immunoassayable insulin se- 
cretion (8) although no insulin secretion was 
elicited from sliced rabbit pancreas incubated 
in vitro with a ribose-containing medium (6, 
9 ) .  Since elevated epinephrine levels inhibit 
insulin secretion despite resulting hyper- 

* Supported by Grant A-1556, National Institute 

3 Predoctoral Trainee-Grant AM-5002, USPHS. 
of Arthritis and Metabolic Diseases, USPHS. 

glycemia ( lo) ,  it has been suggested that the 
increased insulin levels observed following in- 
travenous sugar infusion represent, in part, 
reversal of epinephrine block of the p-cells in 
a surgically stressed animal ( 1 I ) .  It was the 
purpose of this investigation to clarify further 
the above questions by studying the effects of 
oral and intravenous (ribose on plasma insulin 
levels in awake, ,alert, unstressed dogs. 

Procedure. Nine mongrel dogs ranging in 
weight from 12-22 kg were anesthetized with 
sodium pentabarbital and prepared for the 
experimental procedure. Silastic cannulas were 
placed in the femoral antery for future 
sampling and in one or two major veins 
(portal, femoral, or external jugular) for in- 
fusing D-ribose. After a minimum recovery 
period of 72 hours, the dogs were subjected to 
an 18-hour fast followed by an experiment. 
A minimum of 48 hours was allowed to elapse 
between :two experiments on a given dog. In 


