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different, and each experimental manipulation
helps to throw light on the underlying bio-
logical processes.

Summary. Repeated injections of rabbit
antiserum against the lymphoid cells of mouse
thymus (ALS) were found to increase mark-
edly the evidence of tumors in resistant strains
of mice neonatally infected with polyoma
virus. In this system the effects of ALS are
similar to those of early thymectomy. The
BALB/c mice receiving repeated injections of
ALS and infected intraperitoneally with
Moloney leukemogenic virus (MLV) when
21 days old showed an increased incidence
of lymphoid neoplasms as compared to that
in untreated controls infected at the same
age. The majority of tumors in the treated
animals were reticulum cell sarcomas, type
A, developing subcutaneously at the site of
injection of the ALS 3-6 weeks after infection
with MLV. Early thymectomy markedly de-
creased the incidence of leukemias in BALB/c
mice infected with MLV when 3 weeks old.
In this system the effects of ALS are the
opposite of those produced by thymectomy.
It is concluded that the thymic elements
required for neoplastic conversion by MLV
are not eliminated by ALS, which may alter
the pathology of the induced tumors by a
combination of immunosuppression and capa-
city to stimulate the proliferation of primi-
tive lymphoid cells.

Grateful acknowledgement is made to Dr. Mearl
Stanton, National Cancer Institute, for help in diag-
nosis of the reticular neoplasms and to Mr. Britton
Smith for technical help.
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Effect of Plasma Cell Tumor on Antibody Production by
Mouse Spleen Cells (32658)

ParriciA J. CArRLsoN AND FALCONER SMITH
Department of Biology, The American University, Washington, D. C. 20016

Circulating antibody was shown to be quan-
titatively reduced in C3H mice bearing the
transmissible plasma cell tumor, X5563, fol-
lowing a primary inoculation with sheep eryth-
rocytes (1). This effect might be due in part
to a reduction in the numbers of lymphoid

cells synthesizing antibody; to a competitive
mechanism depleting the protein precursors
of the antibody; to an abnormal utilization
of the globulin molecules after their syn-
thesis; or to some combination of these con-
ditions. The present experiments were car-
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ried out to see whether numbers of mouse
spleen cells participating in the primary syn-
thesis of hemolysin were different in the
tumorous mice than in their controls.

A technique for the enumeration of lym-
phoid cells actively producing hemolytic anti-
body has been described (2) and a modifica-
tion of the procedure has been used to demon-
strate that the plaques formed during the pri-
mary immune response are chiefly due to
the elaboration of IgM globulin by the lym-
phoid cells (3). Several authors (4-6) have
confirmed that the plaque method scores only
IgM globulin production. A rise in circulating
hemolysin titers to peak values was found
to parallel the increase in plaque counts in
mouse spleen cells and these counts fell rap-
idly with time after peak circulating titer had
been reached (7). Friedman (8) observed
that maximum circulating antibody titer and
numbers of plaque forming cells occurred
on the fifth day after primary immunization
in C3H mice.

Materials and Methods. Seven to 10-week-
old C;H/eb mice! of both sexes used in these
experiments were housed three or four per
cage and were given a constant supply of food
and water. The X5563 tumor? was aseptically
transferred subcutaneously to the right flank
of randomly selected animals with a total of
10 transfers being recorded for the purposes
of these experiments. Fresh tumor tissue
minced in physiological saline was delivered
to the host animals in 0.1 ml quantities
through a 20 gauge needle. Transplanted tu-
mors were palpable 2—6 days after transplant,
and death of the mice with no additional
treatment occurred 18-20 days later. Although
the rate of growth of the tumors varied
among the experimental mice, antigen was not
given until the tumor reached 15 mm in
largest diameter as measured externally with
calipers.

1 Mice were kindly supplied by Dr. Edward J.
Breyere of the Department of Biology, The American
University, Washington, D. C.

2 Initial inoculation of the tumor was in its one
hundred twenty-second transfer generation and was
kindly supplied by Dr. Michael Potter, Laboratory
of Biology, National Cancer Institute, Bethesda, Md.
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Tumor bearing animals and their nontu-
morous controls were immunized by an intra-
peritoneal injection of 0.5 ml of a suspension
of washed sheep erythrocytes (SRBC) con-
taining a total of 9 X 10% cells. Five days
after immunization the mice were sacrificed
with ether, and blood and spleens were re-
moved for subsequent study. Fresh cells from
the spleens were plated and plaque counts
(PFC) per 10° viable cells were made accord-
ing to the method described elsewhere (2,9).
Hemagglutinin titers were determined to pro-
vide an indication of the antibody response of
the mice. Serial twofold dilutions were made
and the greatest dilution yielding unequivocal
agglutination of SRBC was recorded as the
titer of the serums. After 24 hours’ refrigera-
tion of the sera, reaction volumes of 0.5 ml
were read. Antibody titers were determined
within 2-3 weeks following serum collection.
In a few instances PFC counts were deter-
mined after a second immunizing injection
of SRBC given on the fifth day following
the primary immunization.

Results. Plaque forming cell counts made
from cells of the spleens of 8 tumorous mice
averaged 25.7 = 15.3 (SD) plaques per 10°
viable cells compared to an average PFC count
of 218 =+ 112.5 (SD) for 13 nontumorous con-
trols as shown in the results summarized in
Table I, group I. The lower PFC counts in
the tumor mice were associated with reduced
capacity to form hemagglutinating antibody
as shown in the Table, since their serum titers
averaged only 11 compared to 138 for the
control animals of group I, Table I.

A few of the mice sacrificed 4 days after a
second injection of SRBC which had been
given on the fifth day after the primary im-
munization had PFC counts that averaged
only 6 for the tumorous and 9 for the control
mice as indicated for the mice in group II of
Table 1. These low PFC counts are in agree-
ment with the fact that plaque formation is
attributable mainly to IgM antibody. In in-
dependent tests with both tumorous and non-
tumorous mice, few to no plaques could be
demonstrated among spleen cells of animals
not immunized with SRBC. The higher aver-
age circulating hemagglutinin titers of 134 and
640 for the tumorous and control mice re-
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TABLE I. Plaque Counts per 10° Viable Spleen Cells in C;H/eb Mice Bearing X5563 Tumors
and Their Nontumorous Controls Compared with Cireulating Hemagglutinin Titers,

Average
No. ot Body Tunt. wt./Body wt. P¥C Hemagg.
Group*® Treatment mice wt (gm) X 100 108 cells titer
I Tumor 8 29.2 18 25.7 #- 15.3 11
(SD)
No tumor 13 18.3 — 218 1125 138
(SD)
11 Tumor 5 32.2 31 6 134
No tumor 3 17.3 — 9 640

* Group I mice were singly immunized intraperitoneally with 9 X 10¥ SRBC 5 days before
sacrifice; Group IT mice received a second equal immunization 5 days after the first and were

sacrificed 4 days later.

spectively (group II, Table I) are in keeping
with the anamnestic response.

Results summarized in Table T show that
body weight of the tumorous mice averaged
about 30% higher than their controls, and
that at sacrifice the tumors represented about
18% of the body weight. Spleens taken from
the tumor mice averaged over twice the weight
of those taken from the control animals. In-
creased body weight in the tumor bearing
mice was due partly to increased blood volume
and partly to the solid tumor mass. Entrapped
blood would account to some extent for the
observed increase in spleen weight. In spite of
the more than twofold increase in spleen size
the numbers of PFC in tumor bearing mice
were only about 15% of the number recorded
for nontumorous controls.

Discussion. Results of experiments just
reported show that the presence of a plasma
cell tumor in C;H/eb mice singly immunized
with sheep erythrocytes has a markedly de-
pressing effect on the number of plaques
formed when the spleen cells are permitted to
react with the antigen on agar. The great re-
duction in PFC count observed during the
anamnestic response both in tumorous mice
and controls is attributable to the fact that
plaques due to IgG antibody, characteristic of
the secondary response, require special pro-
cedures for their enumeration (3). Serum
hemagglutinin titers after secondary immuni-
zation averaged lower in the tumorous mice
than in the controls yet were appreciably

higher than the titers recorded for the group I
mice of Table I and are in agreement with re-
sults on hemolysin formation already reported
for CsH mice bearing the X5563 tumor (1).
Hemagglutinating antibody titers have been
observed to reach peak values 10 days after
primary immunization with SRBC compared
to 5 days for peak hemolysin titer in mice
(3).

Abnormal gamma. globulin produced by the
neoplastic cells of this tumor is electrophoreti-
cally similar to normal globulin (10, 11). The
results reported in Table I suggest that com-
petition may occur in the production of Ig]
globulin by plasma cells in such a way that
normal gamma globulin production is reduced
in the tumorous mice. On the basis of this
possibility, IgM precursors removed by the
neoplastic cells may be competitively con-
sumed to the partial exclusion of the demands
of the normal globulin producing clones. One
possible consequence of this process might be
that fewer normal cells would be stimulated
to produce IgM antibody and thus result in
the low titer and PFC counts observed in the
tumorous mice of group I, Table I. Obser-
vations made with the group II mice of Table
I indicate that production of the IgG globulin
proceeds reasonably well as evidenced by the
higher circulating antibody titers possibly be-
cause of different precursors’ requirements for
the IgG globulin and because a larger popula-
tion of normal cells may be synthesizing glo-
bulin in the anamnestic phase.
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A second possibility for the observed sup-
pression of IgM antibody in the presence of
the tumor may relate to the production of the
abnormal gamma globulin by some type of
feedback mechanism. Myelomas occurring in
inbred strains of mice produce a range of
gamma ss and gamma 1A globulins (11). The
gamma ss and gamma 1A are both IgG globu-
lins. Suppression of IgM globulin production
through passive transfer of IgG globulin has
been reported (5) as an indication of a
probable feedback control on IgM production.
If such a mechanism were operating in the
experiments reported in the present study it
could be concluded that the abnormal IgG glo-
bulin produced by the neoplastic plasma cells
caused an inhibition of IgM production. The
inhibition by the cells of the tumor would cor-
respond to the feedback control of the IgG
globulin on normal IgM antibody and in this
way help to account for the lower circulating
antibody titers in the tumorous mice of group
I, Table 1.

Summary. The plasma cell tumor, X5563,
grown in C;H/eb mice has been shown to
reduce significantly the numbers of hemolytic
plaques demonstrable among spleen cells of
tumorous animals as compared to their con-
trols 5 days after a primary intraperitoneal
immunization with sheep ervthrocytes. At the
same time amounts of circulating hemag-
glutinin are also greatly reduced in the
presence of this tumor during the primary
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response. Few plaques were found among
spleen cells of mice receiving a second similar
immunization whether the mice were tumorous
or not although reasonably high circulating
hemagglutinin titers were observed in these
mice. From these results it was concluded
that the X5563 tumor affects the production
of IgM globulin to a more marked degree than
it does IgG globulin production. Possible com-
petitive processes are suggested to account for
the observed suppressive effect of the tumor
on antibody production.

1. Smith, F., Grenan, Marie , M., and Owens, J.,
J. Natl. Cancer Inst., 25, 803 (1960).

2. Jerne, N. K. and Nordin, A. A., Science, 140,
405, (1963).

3. Sterzl, J. and Riha, 1., Nature 208, 858 (1965).

4. Nossal, G. J. V., Szenberg, A. Ada, and Austin,
C., J. Exptl. Med. 119, 485 (1964).

5. Moller, G., Nature 207, 1166 (1965).

6. Finkelstein, M. S. and Uhr, J. W., Science 146,
67 (1964).

7. Hege, J. S. and Cole, L. J., J. Immunol. 96,
559 (1966).

8. Friedman, H., Proc. Soc. Exptl. Biol. Med.,
118, 1176 (1965).

9. Kennedy, J. C., Till, J. E.,, Simmovitch, L. and
McCulloch, E. A, J. Immunol. 96, 973 (1966).

10. Askonas, B. A,, Biochem. J., 79, 33 (1961).

11. Humphrey, J. H. and White, R. G. in “Im-
munology for Students of Medicine,” p. 85. Davis,
Philadelphia, Pennsylvania, 1965.

Received August 28, 1967. P.S.E.B.M,, 1968, Vol. 127.

Teratogenic Activity of Six Disazo Dyes in the
Wistar Albino Rat* (32659)

Arran R. Braupoin (Introduced by B. L. Baker)
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The first disazo dye reported to be terato-
genic was trypan blue (1). Since that time,
additional structurally related dyes also have
been found to possess teratogenic activity in
rats (2-4). The mechanism of teratogenic
action of the disazo dyes is not known. Pos-

* Supported by Public Health Service Research
Grant HD 00400 from the National Institute of
Child Health and Human Development.

sible mechanisms of teratogenic action have
been reviewed by Beck and Lloyd (5).
This report presents observations of simi-
larities and dissimilarities in the teratogenic
action of six disazo dyes: trypan bue (TB),
Evans blue (EB), Niagara blue 4B (NB4B),
Niagara sky blue 6B (NSB6B), Congo red
(CR), and Niagara blue 2B (NB2B).
Materials and Methods. Virgin females



