
cursors in the absence of 0-carrying
cells; or (iv) the low number of PFC
represents the response of SRBC-stim-
ulated precursors of PFC that differ-
entiate in the absence of a proliferative
stimulus afforded by 0-carrying cells.

In the reconstitution system, the pre-
cursors of the PFC were provided by
spleen cells treated with anti-0. To-
gether with PFC themselves and hemo-
poietic stem cells, the precursors must
therefore be 0-negative or 0-deficient
cells and they most probably are not
thymus-derived. The generation of di-
rect and indirect PFC from their pre-
cursors requires the presence of 0-bear-
ing cells which, in the system used here,
can functionally be replaced by in
vivo incubated thymus cells. It re-
mains to be determined whether the
population of 0-bearing cells has spe-
cific reactivity to SRBC and at what
stage of the in vitro immune response
these cells function to facilitate the
generation of PFC (16).
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cause impairment of their ability to
multiply often leads to loss of immuno-
genicity. We now describe a method
for inducing specific tumor immunity
which permits the use of tumor cells
that are capable of dividing but which
avoids the danger of progressive tumor
growth. Tumor cells are mixed with
living Mycobacterium bovis (strain
BCG) and the mixture is injected in-
tradermally into unimmunized guinea
pigs. An inflammatory response to the

Table 1. Specificity of immunity induced by intradermal injection of mixtures of BCG and
line 10 tumor cells. Each animal received two intradermal injections: an injection of line 1
tumor cells and an injection of line 10 tumor cells. Because the antigen used in this experi-
ment was living tumor cells, the delayed cutaneous hypersensitivity reactions to a cell inoculum
was measured at 24 hours, and tumor growth of that same cell inoculum was measured at
8 days; r, radius.

Skin reactions at Tumor nodule size at
24 hours, 8 days,

Immunized with: Animals <r2> (mm2) <.r2> (mm2)(No.) challenged with challenged with

Line 1 Line 10t Line 1 Line 10t
BCG + line 10 4 1 1 15 ± 5 25 + 0 0
Line 1 3 20 5 2 0 0 23 0
Nothing 4 1 ± 1 1 21 ± 2 20 0

* Number of line 1 cells, 3X 10g. Number of line 10 cells, 106.
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Tumor Immunity Produced by the Intradermal Inoculation of

Living Tumor Cells and Living Mycobacterium bovis (Strain BCG)

Abstract. The intradermal inoculation of mixtures containing living tumor
cells and living Mycobacterium bovis (strain BCG) into unimmunized syngeneic
guinea pigs results in an inflammatory reaction to the BCG, and there is no pro-
gressive tumor growth. In the absence of BCG the tumor grows progressively,
metastasizes, and kills the animal. By conventional methods, it has not been
possible to immunize syngeneic guinea pigs to the tumor used. Guinea pigs that
receive mixtures of BCG and tumor cells, however, develop specific systemic
tumor immunity as measured by delayed cutaneous hypersensitivity anid by sup-
pression of tumor growth.
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Fig. 1. Intradermal growth of 101 line 10
tumor cells in guinea pigs immunized
to living BCG alone (A), to living line 1
tumor cells alone (0), or to mixtures of
living BCG and living line 10 tumor cells
(@, A). The rersults of two experiments
are shown. In experiment 1, five guinea
pigs were immunized intradermally with
BCG alone, and three guinea pigs were
immunized with a mixture of BCG and
line 10. Each of these eight animals
was challenged with line 10 tumor cells
35 days later. In experiment 2, three
guinea pigs were immunized intradermal-
ly with line 1 tumor cells alone and five
guinea pigs were immunized with a mix-
ture of BCG and line 10. Each of these
was challenged with line 10 tumor cells
31 days after immunization. The difference
at day 21 between tumor nodule size in
animals immunized with BCG alone, or
immunized with line 1 alone compared to
animals immunized with a mixture of
BCG and line 10 is significant, at P = .01,
as determined by t-test.

BCG occurs, and there is no progressive
tumor growth. Animals immunized in
this way are capable of suppressing the
intradermal growth of tumor cells in a
challenge inoculum containing ten times
the lethal dose.

Strain-2 male guinea pigs (Sewell-
Wright, inbred) were obtained from the
breeding colony at the National Insti-
tutes of Health. The induction of pri-
mary hepatomas in the guinea pig by
feeding the water-soluble carcinogen,
diethylnitrosamine (2), and the antigenic
and biologic characteristics of the trans-
plantable hepatomas derived from the
primary tumors have been described
(3). We used ascites tumor line 10.
-This tumor, a poorly differentiated hep-
atocarcinoma, grows progressively after
inoculation of 105 tumor cells intra-
dermally. The tumor regularly metasta-
sizes to lymph nodes draining the site
of tumor injection. Animals injected in-
tradermally with cells of this tumor line
usually die about 60 days after injec-
tion. The Phipps strain of BCG was ob-
tained from the Trudeau Mycobacterial
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Collection at a concentration of
1.2 X 108 bacteria/ml in Middlebrook
7H9 broth with Tween (4). The guinea
pigs were immunized by intradermal
inoculation of 6 X 106 bacteria mixed
with 1.5 X 106 tumor cells. From 31 to
35 days after immunization, animals
were challenged intradermajly with 106
tumor cells.
The results of representative experi-

ments presented in Fig. 1 and Table 1
can be summarized as follows. (i) All
animals immunized with BCG and line
10 tumor cells completely suppressed
the growth of line 10 cells. Protected
animals have remained tumor free from
the initiation of the experiment to the
present, a period of 3 months. (ii) Previ-
ous immunization with BCG alone did
not impair the growth of line 10 cells.
(iii) Animals immunized with ascites
line 1 did not suppress the growth of
line 10 cells. (iv) Animals immunized
with BCG and line 10 showed delayed
cutaneous hypersensitivity reactions to
line 10 cells alone and suppressed line
10 tumor growth. (v) Animals im-
munized with BCG and line 10 did not
show delayed cutaneous hypersensitivity
reactions to line 1 cells or suppress line
1 tumor growth. Line 1 is a transplant-
able ascites tumor induced by diethyl-
nitrosamine in strain-2 guinea pigs. We
have been unable to immunize against
line 10 cell growth by conventional
methods. Our results suggest that it may
be possible to produce strong tumor
immunity to weakly antigenic tumors
by injecting the living tumor cells to-
gether with living BCG.
The paucity of reports of the use of

complete Freund's adjuvant to induce
specific cell-mediated tumor immunity
suggests a lack of success with this
method. Perhaps the labile tumor
specific transplantation antigens are de-

stroyed during emulsification. The
procedure outlined does not require
emulsification and- evidently preserves
antigens necessary for induction of
specific tumor immunity.

There is already clinical evidence
that BCG may be of value in the con-
trol of human cancer (5, 6). One ap-
proach has been to inject BCG directly
into intradermal metastases (6). Another
approach would be to attempt the in-
duction or augmentation of systemic
tumor immunity by the inoculation of
autologous living tumor cells mixed
with BCG. Our work indicates that for
the development of optimal systemic
tumor immunity, direct contact between
tumor cells and BCG is required (7).

BERTON ZBAR, IRWIN BERNSTEIN
TOMIKO TANAKA*, HERBERT J. RAPP

National Cancer Institute,
Bethesda, Maryland 20014
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Hydroxy-L-proline- and 2,2'-Dipyridyl-Induced
Phenovariations in the Liverwort Noweilia curvifolia

Abstract. Two antagonists of "normal" proline-hydroxyproline-protein synthesis,
2,2'-dipyridyl and hydroxy-L-proline, induced the same kind of phenovariation in

Nowellia curvifolia (Dicks) Mitt. (Cephaloziaceae) as they do in Scapania
nemorosa (Scapaniaceae). This finding supports a hypothesized cardinal role for

proline-hydroxyproline-protein in modulating aspects of morphogenesis and phy-

logeny in the leafy liverworts.

Hydroxyproline and 2,2'-dipyridyl,
compounds that interfere with the "nor-

mal" synthesis of hydroxyproline-pro-
tein, can induce phylogenetically and

systematically significant changes in
symmetry, branching pattern, and leaf
morphology in the liverwort Scapania
nemorosa (1, 2). Because the pheno-
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