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Most neoplastic cells are more agglutin-
able by plant lectins such as wheat germ
agglutinin than are normal cells. This is be-
lieved to be due to an increase in number or
accessibility of lectin binding sites or recep-
tors on the cell surface. Burger (1) showed
that the receptor is a soluble glycoprotein
containing N-acetylglucosamine. Shier (2)
prepared a chemical vaccine against cancer
by condensing di-N-acetylchitobiosylamine
with sodium poly(r-aspartate). The syn-
thetic receptor was then complexed with
methylated bovine serum albumin and in-
corporated into Freund’s complete mineral
oil adjuvant. Test vaccine containing di-N-
acetylchitobiosyl poly(L-asparagine) and
control vaccine containing poly(L-aspartate)
not linked to the disaccharide were used to
immunize BALB/c mice against challenge
with XS63-5 or MOPC 70A myeloma of
BALB/c mice or with 3-methylcholanthrene.
Shier reported that his vaccine retarded
tumor development of both kinds and sug-
gested that further modification of the prep-
aration might ultimately lead to the devel-
opment of a vaccine that would elicit a
strong protective cellular immune response
with a negligible humoral response.

The sound theoretical basis for Shier’s
vaccine and the reported success were re-
garded to be of such importance as to war-
rant careful repetition employing exactly the
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same methods as were used by Shier as pub-
lished (2) and elucidated in personal com-
munications. Such studies were done and no
evidence for protective effect was obtained.
The results in the experiments are presented
here.

Materials and Methods. Vaccine. The
di-N-acetylchitobiosyl poly(L-asparagine)
(Shier antigen A) was prepared according
to Shier (2) with the exception that sodium
azide in dimethylformamide was substituted
for silver azide in the step involving conver-
sion of the glycosyl halide intermediate to
the corresponding azide (3). Two such
preparations were made. Preparation 1 con-
tained 11.1% of disaccharide and prepara-
tion 2 14.0% which was in the same range
as the preparations made by Shier (2). The
methylated bovine serum albumin (MBSA)
(Worthington Biochemicals, Co., Freehold,
NJ) was complexed with the di-N-acetyl-
chitobiosyl poly(L-asparagine) preparations
according to Shier (2). Freund’s adjuvant
consisted of 45 ml Drakeol 6VR mineral oil
(Pennsylvania Refining Co., Butler, PA), 5
ml Arlacel A emulsifier (Hilltop Labora-
tories, Cincinnati, OH), and 2 mg/ml of
killed Mycobacterium tuberculosis organisms
(Difco Laboratories, Detroit, MI). Three
volumes of the adjuvant and 1 vol of the
di-N-acetylchitobiosyl poly(L-asparagine)—
MBSA complex were emulsified by reciprocal
expelling through two interconnected sy-
ringes. All reagents were stored at 4°, and
fresh emulsion was prepared just before use
in every instance. Control antigen was iden-
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TABLE I. Immunization and Challenge Schedules for Testing Shier’s di-N-acetylchitobiosyl
poly(r-asparagine) Vaccine (Antigen A).

Test system

3-Methylcholanthrene

Vaccination X$63-5 Tumor transplant tumor induction
Amount of Vaccination Challenge Vaccination Challenge
antigen A Age of Age of Ageof Ageof
Schedule  per dose Route®  mouse mouse Route mouse  mouse
(Shier) (u®) (groin)  (weeks) (weeks) (groin) (weeks) (weeks)
1 0.25 sc X 2b 6 — — —
0.25 sc X 2 8 12 — — —
11 2.5 ip and sc X 2 6 — — —
2.5 sC X 2 8 — —_ —
25 sC % 2 10 12 — — —
\%1 0.25 sc x 2 6 9 — — —
v 25 — — — sc X 2 6 6
2.5 — — — sc X 2 9 —
A% 12.5 — — — ip and sc X 2 6 6
125 — — — scx 2 8 —
12.5 — — — sc X 2 10 —

¢ sc = subcutaneous; ip = intraperitoneal.

® Two doses, each given subcutaneously into the region of each groin.

tical to vaccine antigen except that the poly-
(L-aspartate)-MBSA (Shier antigen B) was
substituted for the di-N-acetylchitobiosyl
poly (L-asparagine)-MBSA complex.

Wheat germ agglutinin (WGA) assay.
Wheat germ agglutinin was prepared by the
method of Burger and Goldberg (4), and
the assay for inhibition of agglutination of
sheep erythrocytes was performed as de-
scribed by Shier (2). Four units of agglu-
tinin were employed in the tests.

Mice. Male and female BALB/c mice
were obtained from Microbiological Asso-
ciates, Inc., through the courtesy of the Can-
cer Chemotherapy National Service Center,
National Cancer Institute, National Insti-
tutes of Health, Bethesda, MD, and were
used at 6 weeks of age.

Tumor cell line. The XS63:-5 BALB/c
myeloma cell line was obtained from the
same source as Shier, Dr. M. Cohn of the
Salk Institute, San Diego, CA. The cells
were maintained by weekly serial culture
employing Dulbecco’s modified Eagle’s me-
dium supplemented with 10% horse serum
and 11.7 pg/ml of glutamine (2).

Carcinogen. 3-Methylcholanthrene (3-

MC) was purchased from Mann Research
Laboratories, NY, and prepared at a concen-
tration of 0.5 mg/0.1 ml in olive oil.
Experimental design. Groups of 24 mice
were given test vaccine (antigen A) accord-
ing to Shier’s (2) regimens as shown in
Table 1. The control animals received anti-
gen B by the same regimen. In the transplant
challenge system, groups of 6 vaccinated
(antigen A) and 6 control (antigen B) mice
were challenged intraperitoneally with 105,
5 X 103, 10°% or 107 XS63-5 tumor cells in
0.2 ml Dulbecco’s modified Eagle’s medium.
The mice were observed daily for appear-

TABLE 1I. Inhibition of Agglutination of Sheep
Erythrocytes by Wheat Germ Agglutinin.

Relative
inhibitory activity
Compound on a weight basis
N-Acetylglucosamine 1
Di-N-acetylchitobiosylamine 10

Di-N-acetylchitobiosyl
poly(L-asparagine)

Preparation 1 320
Preparation 2 320
Sodium poly(L-aspartate) 0
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ance of tumors and for tumor death for 9
weeks. In the chemical challenge experi-
ments, 0.1 ml (0.5 mg) of 3-MC was in-
oculated intramuscularly in the region of the
right scapula at the time of the first dose of
vaccine. The mice were palpated twice
weekly for tumors for 14 weeks beginning
6 weeks after challenge.

Results. Assay for inhibition of wheat
germ agglutinin. The biological activity of
the di-N-acetylchitobiosylamine-containing
preparations was . established in tests for
their ability to inhibit hemagglutination by
WGA as shown in Table II. The values were
similar to those reported by Shier (2) for
his preparations. FEssentially, the tests
showed that there was a high affinity of the
chitobiose materials for the WGA and that
the di-N-acetylchitobiosyl poly(L-aspara-
gine) was far more active than the disac-
charide alone. The poly(L-aspartate) had no
affinity for the WGA.

Assay for protective efficacy of Shier’s
vaccine. Shier’s antigen A vaccine was as-
sayed for capacity to immunize against
XS63-5 tumor given by transplant or
against 3-MC-induced tumors. The regimens
were as shown in Table I. Both preparations
1 and 2 of Shier’s antigen A, with the ap-
propriate control antigen B, were tested by
each of these regimens. The results presented
in Table IIT show no significant protection
by the vaccine against XS63-5 transplant
tumor at any challenge dose level used. The
average time period for tumor occurrence
was the same in the vaccine and control ani-
mals. The rates for tumor development were
not significantly different in any instance.
The findings in additional control tests not
reported here in which the animals were
given diluent in Freund’s adjuvant or tumor
cells only were essentially the same as for
the tests reported in the table.

Table IIT also shows that there was no
significant suppression in 3-MC tumor inci-
dence or delay in time of tumor occurrence
in the groups immunized with Shier’s antigen
A as compared to the controls. Figure 1 pre-
sents the findings in greater detail and sub-
stantiates the conclusion that the vaccine
was without significant effect.
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Discussion. Shier presented preliminary
evidence to indicate that his chemical vac-
cine retarded tumor progression in transplant
and chemically induced cancer. In the trans-
plant challenge system using only a small
number of mice (2/group), 2 of 4 sets of
data showed that the survival time of mice
that had received antigen A was significantly
greater (P < .05) than in those mice treated
with control antigen B. In his tests for
prevention of methylcholanthrene-induced
tumor, larger numbers of animals were used.
In 1 of the 2 experiments, there was a sta-
tistically significant delay in time of tumor
appearance in animals that received anti-
gen A.

The present experiments were carried out
in larger numbers of animals with two dif-
ferent preparations of antigen A and em-
ployed the same methods for making vac-
cine and the same test systems as used by
Shier (2). The vaccine appeared clearly
without effect either in delaying appearance
or in preventing transplant and methylchol-
anthrene-induced cancer.

Summary. Chemical vaccine containing di-
N-acetylchitobiosyl poly(L-asparagine) pre-
pared as described by Shier was assayed for
its ability to prevent XS63-5 myeloma trans-
plant tumors and 3-methylcholanthrene-
induced tumors in BALB/c mice. The vac-
cine was ineffective.
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