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Table 2 Direct DTH responsiveness lo the TF-a hapten following immunization
with TFa-KLH

Treatments50

^g TFn-KLH emulsified
in 0.2 ml Ribi adjuvantFootpad

antigenTF-n-KLH

KLH
TF-a-HSA
HSAEpiNet

footpad swelling
(mm Â±SD)"24

h0.38

Â±0.10
0.71 Â±0.20
0.33 Â±0.05
0.02 Â±0.02
0.35 Â±0.0548

h0.27

Â±0.11
0.42 Â±0.10
0.32 Â±0.03
0.00 Â±0.00
0.25 Â±0.05

" Average of three mice. All mice were footpad tested for DTH 7 days after

immunization.

Uniti; Of Epi

NS (n=4)

1.000

5,000

11.000

Salina n=5)

0.0 0.1 0.2 0.3

Mean DTH Response (mm +/- SEM)

Fig. 2. Dose response of immunosuppressive effect of epiglycanin on the DTH
response to Epi. Mice were given i.v. injections of various concentrations of Epi
(1 unit of Epi = I ng) or saline. Six days later all mice were immunized with Epi
plus Ribi adjuvant and 7 days later they were footpad tested for DTH to Epi.
n = number of mice/group. **'*. P < 0.0001; ***. P < 0.0005; *'. P < 0.005:
*,P< 0.01; A'Snot significant Â»hencompared to saline injected control group.

DTH reactivities to Epi. It was found that as little as 500 units
(=500 ng) still produced significant suppression. The next
experiment examines the specificity of induction of immuno-
suppression by unrelated antigens. Control mice which were
given i.v. injections of either sterile saline, BSA, or KLH and
later immunized with Epi plus Ribi adjuvant s.c. all elicited a
strong DTH reaction at 24 h (Fig. 3). When mice were given
BSA or KLH i.v. and subsequently immunized with the ho
mologous antigens their DTH responses to the same antigen
were also significantly depressed (Groups 7 and 10) but such
treatments had no effect on the induction of DTH responses to
Epi (Groups 8 and 11).

Adoptive Transfer of Immunosuppression by Spleen Cells. To
investigate the possibility that Epi can induce active suppres
sion, we collected spleen cells from donor mice given i.v.
injections of 1.8 ng Epi 6-7 days earlier. The cells were trans
ferred to normal syngeneic mice at the same time the recipients
were immunized. Seven days later, the recipient animals were
footpad challenged, and footpad thicknesses were measured 24
h after challenge. Cells capable of suppressing the DTH re
sponse following adoptive transfer were detected in the spleens
of Epi-treated mice while spleen cells from control mice had
no significant effect on the DTH response of the recipients
(Table 3).

Specificity Studies of Cells Mediating Active Suppression. To
assess the specificity of active suppression, spleen cells from
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Fig. 3. Specificity of induction of immunosuppression of the DTH response
by unrelated antigens. (Ag). a, mice given injections of either sterile saline or
antigen in a volume of 0.4 ml; 3 mice/group. A, mice immunized s.c. with either
450 ng Epi or 50 ^g antigen emulsified either in 0.2 ml Ribi adjuvant or equal
volume of CFA; c, compared with group \;d. compared with Group 4; e, footpad
tested with 50 fig BSA, compared with Group 6; / footpad tested with 50 fig
KLH. compared with Group 9. NS, nonsignificant.

Table 3 Adoptive transfer of immunosuppression of DTH responsiveness by
spleen cells

DTH test (Day 13):
Spleen cells Net footpad
transferred s.c. swelling % of

i.v. treatment (xlO7) immunization (mm Â±SD)' reduction
(Day 0) (Day 6) (Day 6)" after 24 h(P)0.4

ml saline 6.4
1.8 jig Epi in 0.4 ml 6.4

salineEpi

+ CFA 0.37 Â±0.11
Epi 4- CFA 0.05 Â±0.07 86.5

(<0.001)
Â°Mice were immunized s.c. with 450 ng Epi emulsified in CFA.
* Average of five mice. All mice were footpad tested for DTH responsiveness

to Epi (450 ng/footpad) 7 days after immunization.
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Fig. 4. Adoptive transfer of active suppression induced by epiglycanin. a,
NfVN, nylon wool-nonadherent T-lymphocytes. b. average of three mice, DTH
responses read at 24 h. NS, nonsignificant; Ags, antigens.

Epi-treated mice were adoptively transferred to naive mice at
the time of immunization with TF(a)-KLH-t-Ribi. Seven days

after immunization, each group of mice was footpad challenged
with the homologous antigen, the carrier protein as well as with
TF antigen conjugated on HSA, a different protein carrier. Fig.
4 shows that nylon wool-enriched T-cells from mice treated
with Epi inhibited the DTH response to TF-a-HSA by 47% (P
< 0.05) whereas the same cell population exerted no effect on
DTH response to the protein carrier KLH.

Characterization of the Cells Mediating Active Suppres
sion. Data from Fig. 4 show that the Epi-induced spleen cells
mediating suppression were present in the nylon wool-non-
adherent fraction which presumably contain T-cells. To further

characterize these cells, experiments were done to establish
their surface phenotype by a cytotoxic antibody depletion tech
nique. Recipients of untreated or antibody-treated cells were
immunized on the day of cell transfer and footpad challenged
7 days later. Treatment of cells before adoptive transfer with
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complement alone or anti-Lyt-2 plus complement had no effect
on the ability of Epi-induced spleen cells to inhibit the DTH
response (Fig. 5, Groups 3 and 7), whereas treatment with anti-
Thy-1, anti-L3T4, anti-Lyt-1.2, or anti-I-JK antibodies plus
complement abolished the soppressivi.- activity of the cells

(Groups 4, 5, 6, and 8 compared with Groups 2 and 3). These
results indicate that the cells mediating active suppression in
this system are Thy-l+, L3T4+, Lyt-r2", and I-J+ T-lympho-

cytes.
Abrogation of Immunosuppression following CY Treatment.

CY has been shown to inhibit the development of active
suppression mediated by T-cells in experimental systems,

thereby allowing the host to generate an augmented level of
immunity to a variety of antigens. Thus we investigated whether
CY pretreatment would restore the DTH response in Epi-
treated mice. CY was injected i.v. at a dose of 100 mg/kg l day
prior to immunization with appropriate antigens. The animals
were then footpad challenged in the usual manner 7 days after
immunization. Table 4 shows that the Epi-induced DTH re
sponses in mice given i.v. injections of Epi were significantly
suppressed (82.4 and 81.9% suppression, P < 0.005), whereas
Epi-treated mice which were subsequently given injections of
CY 24 h prior to immunization recovered their DTH reactivities
(19 and 47.6% enhancement).

Effect of i.v. Epi Injections on Survival of TA3-Ha Tumor-
bearing Mice. We used our new radioimmunoassay (11) to
monitor the presence of Epi in the circulation of TA3-Ha-
bearing mice. CAF1 mice were given i.p. injections of approx-
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Fig. 5. Characterization of Epi-induced spleen cells mediating active suppres
sion, a, mice given injections of either sterile saline or 1.8 ng Epi in a volume of
0.4 ml; 3 mice/group, b, 6 days after i.v. treatments, spleen cells pooled from
each group of animals and 0.5-1.0 x 10* cells were treated with monoclonal
antiserum plus complement (C') or complement alone prior to cell transfer.
Percentage of cytotoxicity of cells after antiserum treatment with Thy-1, L3T4,
Lyt-1.2, Lyt-2, and I-Jk were 40, 23, 20, 23, and 24%, respectively, c, all mice
footpad tested with 450 ng Epi; d. /"compared to Group 1. NS, nonsignificant.

Table 4 Effect of cyclophosphamide treatment on immunosuppression

Intravenoustreatments(Day

0)Saline0.9

MgEpi0.9

Â»gEpi1.8

Â»igEpi1.8/igEpiSalinei.v.

CY/salinetreatments(Day

6)SalineSalineCYSalineCYCYs.c.

immunizationwith
450 ngEpi(Day

7)Epi

+CFAEpi
+CFAEpi

+CFAEpi

+CFAEpi

+CFAEpi

+ CFAMean

increasefootpadthickness(mm

Â±SD)Â°(Day

14)0.21

Â±0.080.04
Â±0.020.25

Â±0.090.04

Â±0.020.31

Â±0.180.21

Â±0.05%ofsuppression

(â€”)/enhancement
(+)(P)-82.4(<0.005)+

19.0(NS)*-81.9(<0.005)+47.6(NS)

â€¢¿�All mice were footpad tested with 450 ng Epi, 24-h readings.

CY, cyclophosphamide, 100 mg/kg body weight. Three mice/group.
* NS, nonsignificant.

imately 700 TA3-Ha cells and bled on Days 3, 8, and 14. There
was no detectable Epi in the blood on Days 3 or 8 but by Day
14 all 5 mice tested had over 28.0 pg Epi/ml of blood (data not
shown). We then investigated whether i.v. injection of Epi at
times when no detectable levels were apparent (Days 2 and 6)
would accelerate the development of the tumor. Fig. 6 shows
that mice which had received i.v. treatments with Epi had
significantly accelerated death rates as compared to control
mice which had been given injections of saline or BSA.

DISCUSSION

Many studies have shown that tumor-associated mucins can
be detected in the sera of most adenocarcinoma patients (19,
20, 28-32) and that high levels of cancer-associated mucins
appear to correlate with poor prognosis in some human cancer
patients (20, 21). Steck and Nicolson (33) observed that the
concentration of a mucin-like cell surface glycoprotein (A/r
580,000) was correlated with the metastatic potential in a series
of clones of rat mammary adenocarcinoma cells. The expression
of a sialomucin on rat mammary tumor cells has been correlated
with natural killer cell susceptibility (34). In breast cancer
patients increased expression of TF antigen has been correlated
with tumor progression and metastatic spread (35). Many ad
ditional studies suggest that TF antigen expression is associated
with poor prognosis or malignant change (36-43). These and
other findings suggested to us that circulating mucins in general
and TF-bearing antigens in particular might inhibit the host's

anti-tumor immune response. This prompted us to investigate
whether mucins might inhibit cell-mediated immune responses
in our TA3-Ha model. The TA3-Ha tumor produces a glyco-
calyx containing a mucin called epiglycanin (7,8), a M, 500,000
glycoprotein composed of 75-80% carbohydrate. Epi contains
multiple TF and Tn determinants which are also expressed on
over 90% of human adenocarcinomas (9) as well as on mucin-
like molecules in body fluids of adenocarcinoma patients (10,
11). Epiglycanin is also secreted into body fluids (17). In order
to address the question of how the presence of mucins in body
fluids might affect the immune function of the host, we injected
i.v. various concentrations of epiglycanin purified from TA3-
Ha tumor ascites fluid and assessed the effect on subsequent
DTH responses elicited against the homologous epiglycanin

S? 40-

I.V.EPI

I.V.BSA

Treatment

Days After TA3Ha Tumor Cell Challenge

Fig. 6. Effect of i.v. epiglycanin treatments on survival of TA3-Ha tumor-
bearing mice. All animals (8 mice/group) were first given i.p. injections of 700
TA3-Ha tumor cells on Day 0. One group of animals was treated i.v. with 1.8 jig
Epi on Days 2 and 6, whereas the other group was either left untreated or treated
i.v. with 100 iig BSA on the same days. Survival of the Epi-treated group was
significantly decreased compared to both the untreated group (P < 0.0005) and
the BSA-treated group (/>< 0.001, modified Wilcoxon).
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antigen or TF haptens conjugated to a protein carrier. We have
found that i.v. injected Epi induces specific immunosuppression
as well as cells capable of specifically inhibiting DTH reactions
in response to both Epi and the TF-Â«epitope. The cells me
diating active suppression were detectable in the spleen 6 days
after Epi injection. Immunosuppressive activity in this system
was shown to be hapten specific since adoptive transfer of the
spleen cells mediating suppression inhibited the induction of
the DTH response to the TF-a hapten but had no effect on the
response to the protein carrier KLH. However, when control
antigens such as BSA or KLH at a tolerogenic dose were
administered i.v. into mice that were immunized s.c. with Epi
+ Ribi 6 days later, no suppression of the Epi-induced DTH
responses was observed, indicating that the induction of im
munosuppression of the DTH response observed in this study
was mucin induced and antigen specific.

In order to determine the nature of the cells mediating active
suppression we passed the splenic cell pools over nylon wool
columns to remove the majority of B-cells and macrophages
and to enrich for T-cells prior to cell transfer. Using this
procedure, we ascertained that the nylon wool-nonadherent cell
populations from Epi-treated mice contained the suppressor
cells. These results suggested that the cells responsible for the
suppression were T-lymphocytes. When the suppressive splenic
cell populations were treated with anti-Thy-1 antibody plus
complement prior to adoptive cell transfer, the suppressive
activity was ablated, confirming that T-lymphocytes were re
quired for the activity. Abrogation of the suppressive activity
by treatment of the spleen cells with anti-L3T4, anti-Lyt-1.2,
or anti-I-JK antibody plus complement but not with complement
alone or those treated with anti-Lyt-2 and complement was
observed, indicating that the cells mediating the suppression
were L3T4+, Lyt-T2- and I-J+ T-cells.

Antigen-specific T-cells which suppress humoral and cell-
mediated immune responses (44, 45) in many other systems
have been described. Such suppressor cell systems include those
that regulate the DTH responses to azobenzene arsenale (46)
and those that regulate the DTH and/or the antibody responses
to 4 hydroxynitrophenylacetyl (47, 48) and sheep erythrocytes
(44). Suppressor T-cells can also be demonstrated to inhibit
antitumor immunity (49, 50). Recently, Takahashi et al. (51)
demonstrated that in B16 melanoma system, suppressor T-cells
generated by the soluble form of a tumor-associated antigen
were able to block the induction as well as the effector phase of
cytotoxic T-lymphocytes. Analysis of known antigen-specific
suppressor cells revealed that at least two populations of sup
pressor T-lymphocytes are involved in immune regulation (51).
Induction-phase suppressor T-cells (TS1), which can be gener
ated by antigen alone has the phenotype of L3T4+, Lyt-l*2~,
and I-J*, whereas the effector-phase T-suppressors (TS2), which

depend for their generation on both antigen and TS1, were
L3T4~, Lyt-2+l", and I-J+. The suppressor T-lymphocytes iden

tified in this study, shown to have a suppressive effect on the
induction phase of specific DTH response to Epi and TF-a
epitopes, were ThyT, L3T4+, Lyt-T2~, and I-JK+ T cells and

thus resembled the TS1 suppressor described in other antigen-
specific suppressor cell systems (44, 45).

Codington et al. (10) demonstrated that many patients with
high concentrations of epiglycanin-like antigen suffer from
advanced metastatic cancer. Furthermore, it has been reported
that the metastatic potential in various TA3-Ha ascites variants
was proportional to the epiglycanin concentration (16). Others
have suggested that shed Epi might be immunosuppressive (17,
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18). Our data show that Epi molecules are highly immunosup
pressive for specific DTH reactions following their introduction
into blood circulations. This suggested to us that tumor-asso
ciated mucins which are shed into the blood circulation might
accelerate the disease. In support of this hypothesis we have
found that i.v. injections of immunosuppresive amounts of Epi
increased the lethality of the TA3-Ha tumor transplant.

Early studies in mice have shown that doses of antigen above
or below the usual immunizing range tend to induce high and
low zone tolerance, respectively (52-54). Injecting antigen i.v.
has also been shown to be a way of providing a tolerogenic
signal (55). A dose of 10-40 Â¿igBSA and those of 5 mg or
above were effective in inducing a low and high zone tolerance
in mice, respectively (52). In the present studies, we have
demonstrated that i.v. injection of a very low dose of Epi (500
ng) is immunosuppressive for DTH reactions to Epi and its
associated TF epitopes. Because of previous work demonstrat
ing the immunosuppressive properties of heterologous proteins
injected i.v. (52-55) it might be argued that there is nothing
unique about the immunosuppressive properties of Epi. How
ever, we believe that the present work should be viewed in the
context of the important biological questions which are being
asked. Do mucin molecules which are normally sequestered in
secretory granules or on mucosa! surfaces but which are secreted
by most adenocarcinomas in altered form into the blood circu
lation have an effect on the immune response to the important
cancer-associated carbohydrate epitopes that they carry? This
question assumes even greater importance if one considers that
high mucin levels and/or high TF antigen expression often
correlates with poor prognosis or rapid tumor progression (10,
20, 21, 33-43) despite the fact that TF on various natural or
synthetic glycoconjugates can be highly immunogenic (1-4, 9,
56-61) and that cancer-associated carbohydrate antigens can
apparently serve as effective targets for the immune destruction
of tumor cells which carry those antigens ( 1-4,62-65). A logical
conclusion is that the immune response to this class of cancer-
associated antigens is ineffective and/or suppressed. The pres
ent communication provides a rationale for the latter conclusion
but does not rule out the former.

In another study of active specific immunotherapy of mice
bearing TA3-Ha tumor transplants (4) we failed to provide any
protection of animals which had received subsequent active
immunizations with Epi or irradiated whole TA3-Ha tumor
cells emulsified in Ribi adjuvant. We suggested that this failure
may have been due to an active immunosuppression induced by
circulating epiglycanin shed from the growing tumor and the
present report supports that hypothesis. The suggested mech
anism predicts that pretreatment with CY, an agent which at
an appropriate dosage can preferentially inhibit the develop
ment of suppressor T-cells (66-68), should provide relief of
immunosuppression in the tumor-bearing animals. In fact in
the same study we were able to show that tumor-bearing animals
which were treated with low dose CY followed by active im
munizations with TF-cv-KLH were able to achieve up to 90%
long-term survival. In the present study, pretreatment of epi-
glycanin-treated animals with CY also led to a successful recov
ery of their DTH reactivities to the immunizing agent. This
adds further support to the potential therapeutic effect of CY
in the active specific immunotherapy model. Our previous work
(1) demonstrated that effector cell populations with a T-helper
phenotype which showed a strong DTH reactivity to TF epi
topes also gave specific antitumor effects when tested with TA3-
Ha tumor cells in a Winn-type assay. At present we are studying
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these effector T-cell populations at the clonal level and plan to
investigate the effect of suppressor cell populations on their
expression.
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