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Abstract

The effect of growth of BALB/c (4 preneoplastic and neoplastic
mammary lesions on the host T-cell repertoire was investigated. T-cells
with specific VÃŸregions (V02, -6, -8.1-2, -11, and -14) in the T-cell
receptors were enumerated in C4 hyperplastic alveolar nodule (I IAN)-
infiltrating lymphocytes and lymph node cells from both C4 HAN and
C4 tumor-bearing mice by flow cytometry with \ rf-spocific monoclonal
antibodies. Growth of C4 HAN and tumor induced selective deletion of
peripheral V/32*T-cells. Elimination of V02+ T-cells |7.2 Â±0.8% (SD)
of normal lymph node I -evils] by C4 HAN was biphasic and irreversible.
Approximately one-half of the V02+ T-cells were lost within the first
month of C4 HAN implantation. Further reduction of V/.<2*T-cells took

place after another 3 months, at which time the level of V/32was reduced
to 1.2 Â±0.1% of the total T-cell population. V/92 deletion occurred in
BALB/c mice which had been implanted with C4 HAN at either 3 weeks
or 2 months of age. Loss of V/32*T-cells was not reversed by removal of
C4 HAN. C4 tumor also induced V/32+T-cell deletion. These results

demonstrate a novel V/32 deleting activity expressed by C4 mammary
lesions and suggest that during mouse mammary tumorigenesis, a unique
"superantigen" is expressed which can cause profound systemic changes

in the T-cell repertoire.

Introduction

A collection of molecules has been described which, in the
presence of class II major histocompatibility complex, recog
nizes particular \ÃŸelements on T-cell receptors and causes
activation or deletion of these V0+ T-cells. Such molecules have
been collectively termed "superantigens" (1) or "V/i-selective
elements" (2) and include the mouse mis3 genes (3, 4) and

bacterial toxins (5). In vitro exposure of T-cells to superantigens
causes proliferation of T-cells with particular V/3(1-5). Periph
eral T-cells in mice with designated mis genes are defective in
specific /w/j-reactive V/8* T-cells as a result of thymic deletion
(4). Genetic mapping has identified the mis genes to be germin-
ally transmitted Mtv proviruses (6-8). In this study, we exam
ined the peripheral T-cell repertoire in BALB/c mice implanted
with the preneoplastic C4 HAN line or with spontaneous tu
mors from C4 HAN. C4 lesions induced a profound and irre
versible deletion of V/32* T-cells in the peripheral T-cell popu

lations. The possible mechanism and biological implications
are discussed.
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'The abbreviations used are: mis, minor lymphocyte stimulating antigen;
HAN, hyperplastic alveolar nodule; LNC, lymph node cell; MHC, major histo
compatibility complex; MMTV, mouse mammary tumor virus; Mtv, mammary
tumor virus provirus; SOME, superenriched Dulbecco's modified Eagle's me

dium; MoAb, monoclonal antibody; F1TC, fluorescein isothiocyanate.

Materials and Methods

Mice. All experiments used BALB/c mice inbred in our Animal
facility from breeding pairs originally obtained from the Cancer Re
search Laboratory, Berkeley, CA.

C4 Preneoplastic HAN Line. HAN line C4 was developed by Medina
from a 12-month-old, mammary tumor-bearing female BALB/c mouse
that had received 1.5 mg of dimethylbenz(u)anthracene between 8 and
10 weeks of age and had carried a pituitary isograft for 12 weeks (9).
The HAN line is maintained by serially implanting small samples of
HAN tissue into mammary fat pads that have been cleared of host
mammary tissue. The transplanted tissue grows and Tills the fat pad
with hyperplastic mammary tissue within 10-12 weeks. Tumors arose
in 70% of the C4 HAN implants within 10 months.

Disaggregation of Mammary Tissues. All tissue culture reagents were
obtained from Grand Island Biological Co. (Grand Island, NY) unless
otherwise specified. Mammary tissues were removed aseptically, cut
into 1-2-mm3 pieces, and digested with an enzyme cocktail containing

collagenase type I at 3 mg/ml (Cooper Biomedicai, Malvern, PA) and
DNase type I at 8 Mg/ml (Sigma, St. Louis, MO) in Hanks' balanced

salt solution with 40% calf serum, in an orbital shaker (rotating at 250
cycles/min) for 60 min at 37Â°C.After incubation the lymphocytes were

purified from the supernatant (10).
Antibodies. Hybridoma cell lines B20.6 (produced by B. Malissen),

RR4-7 (11), KJ16 (12), and RR3-15 (13), which produce monoclonal
antibodies to V/32, -6, -8.1-2, and -11, respectively, were obtained from
Dr. P. Marrack (Denver, CO). Hybridoma line 14.2 (14) which produces
monoclonal antibody to V#14 was provided by Dr. D. Raulet (Cam
bridge, MA). Culture supernatant was used for immunofluorescent
staining. MoAb Thy-1.2 and FITC-conjugated anti-CD3 MoAb were
purchased from Becton Dickinson (Mountain View, CA). We found
that in mouse lymph node cells, monoclonal antibodies to Thy-1.2 and
CD3 stained a similar number of lymph node cells. Results in this
report are expressed on the basis of the total T-cell population stained
with anti-Thy-1.2.

Flow Cytometric Enumeration of Specific V/3+Cells. Lymphocytes
were stained with anti-Thy-1.2 or MoAbs to V/3sby incubating 1 x 10'
cells in 100 ÃŸ\of antibodies or medium for 45 min at 4Â°C.The first

antibody was removed by 3 washes and replaced by 100 ÃŸ\of FITC-
conjugated F(ab')i of mouse anti-rat IgG (Jackson Immuno Research
Lab, Avondale. PA). After another 45 min incubation at 4Â°C,cells were
washed and resuspended in Dulbecco's modified Eagle's medium con

taining propidium iodide (20 Â¿ig/ml:Sigma) to exclude dead cells. Flow
cytometric analysis was performed by FACStar (Becton Dickinson)
with a 2-W argon laser. Excitation was at 488 nm and emission was
collected at 500-560 and 638-682 nm for FITC and propidium iodide,
respectively. All experimental data were acquired on list mode for four
correlated parameters and analyzed with a Consort 30 data analysis
system.

Results and Discussion
Clonal Deletion of V02+ T-Cells in BALB/c Mice Implanted

with C4 HAN. In an effort to identify and characterize immune
cells which can interact with and infiltrate mammary lesions,
the expression of VÃŸelements on T-cells infiltrating the pre
neoplastic C4 HAN was analyzed. C4 HAN samples were
implanted in the No. 4 mammary fat pads of 3-week-old syn-
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Table 1 i'/i distribution in T cells ofC4 lesion-hearing BALB/c mice

Source ofcellsNormal

LNCC4
HANinnilralesC4
HAN LNC

C4 Tumor LNC*
LNC of sham1*operated miceNo.

of
experiment4332

3(V(j*

cells/total T-cells)xV/J26.9

Â±0.4Â°0.8

Â±0.11.0
Â±0.4

3.2 Â±0.1
7.1 Â±0.6V/3610.7

Â±0.711.3Â±
1.311.3Â±

1.0
NT0

11.0Â±1.4V08.1-221.7

Â±1.025.3
Â±2.323.2
Â±0.4

NT
22.5 Â±1.1100V/J111.0

Â±0.70.6
Â±0.10.9

Â±0.3
NT

0.9 Â±0.1Vfil47.8

Â±0.48.8
Â±0.89.1
Â±0.4

9.3 Â±0.4
7.9 Â±1.0

' Mean Â±SD.
4 Mice were implanted with C'4 tumors in the fat pads at 3 weeks of age, follwed by surgical removal of the tumors 6 weeks after the implantation. LNC were

examined 6 weeks after tumor removal.
c NT. not tested.
d Mice received sham surgery at 3 weeks of age and LNC were examined 5 months after the surgery.

Table 2 Time course of V$2 T cell deletion in C4 HAN-bearing BALB/c mice

Time (mo) after C4 HANimplantationV02+

T-cells (%)
V/J14+ T-cells (%)Normal7.2

Â±0.8Â°

8.8 Â±0.813.2
Â±0.4

8.4 Â±0.223.3
Â±0.4

10.6 + 0.433.4
Â±0.2

9.3 Â±0.441.2
Â±0.1

8.9 Â±0.160.8
Â±0.2NT*

Â°Mean Â±SD from two independent experiments.
* NT. not tested.

geneic females whose host mammary glands had been surgically
removed (15). HAN-infiltrating lymphocytes were isolated at
5-7 months after HAN implantation, before palpable tumors
were detectable and V02+, -6+, -8.1-2+, -1T, and -14+ cells were
enumerated (Table 1). V/S2+T-cells comprised 0.8 Â±0.1 % (SD)
of C4 HAN-infiltrating T-cells, whereas normal LNC of
BALB/c mice contained 6.9 Â±0.4% of V/S2+T-cells. LNC from

HAN-bearing animals demonstrated the same V/32 deletion as
in the HAN-infiltrating lymphocytes (Table 1). Elimination of
V02+ T-cells was specific because loss of V06+, -8.1-2*, and
-14+ T-cells was not observed. As reported by others, V/tfl1+T-

cells were largely missing as a result of thymic deletion caused
by genomic Mtv-8 and -9 in BALB/c mice (2,16). LNC from
sham operated BALB/c mice had a normal complement of
Vf?2*T-cells (Table 1). Deletion of V02+ T-cells was independ
ent of the host age; C4 HAN implanted in 8-week-old mice
caused the same deletion as in 3-week-old mice (data not

shown).
An initial experiment characterizing LNC in mice bearing

C4 HAN for different periods of time demonstrated a time-
dependent deletion of Vfi2+ T-cells from 3.6% at 5 weeks to

0.9% at 6 months after HAN implantation with two independ
ent groups of animals. The kinetics of the time-dependent V/32
loss was further analyzed by monitoring LNC from 1 to 6
months after HAN implantation (Table 2). Loss of one-half of
the V/32* T-cells occurred within the first month of HAN
growth and further reduction of V/32* T-cells took place after

another 3 months. There are at least two ways to explain this
biphasic loss of V/j2+ T-cells. C4 HAN may elaborate new
products after in situ growth for 3-4 months and trigger a
second wave of deletion. Alternatively, the machinery of dele
tion may have been set during the initial phase of HAN growth
and the second phase of V/32 deletion may represent the loss of
T-cells with a slower natural turnover.

To determine if the continued presence of C4 HAN was
necessary for the second phase of V/32 deletion, HAN tissue
was surgically removed 6 weeks after implantation when LNC
contained 3.6% VÃŸ2+T-cells. Lymph node V/i2+ T-cells were

enumerated at 2 and 4 months after removal of the HAN tissue.
Fig. 1 shows reduction of V/i2 from 3.6 to 0.8% at 4 months
but not 2 months after surgery. Therefore, once the mechanism
of deletion is triggered the continued presence of C4 HAN is

s<J
â€¢"oi

â€¢1z1DC1Aâ€¢./lil\J_

\'BA^â€¢"â€¢\icAA

log FITC log FITC log FITC

Fig. 1. Irreversible deletion of V<i2*T-cells caused by the growth of C4 H AN.

BALB/c mice were implanted with C4 HAN at 3 weeks of age. C4 HAN was
surgically removed 6 weeks after implantation. LNC were prepared just before
HAN removal (A) and at 2 (A) and 4 (C) months after HAN removal. V((2* T-
cells were enumerated by flow cytometry LNC from C4 HAN mice;

, LNC from age- and sex-matched control mice.

not necessary, although the presence of HAN may accelerate
the process. The experiment has been repeated three times with
the same results.

C4 HAN, when left in situ, gives rise to spontaneous C4
tumors. We tested whether the C4 tumor retains the same V02
deletion activity as C4 HAN by examining LNC in mice im
planted with C4 tumor at 3 weeks of age. At 6 weeks after
tumor implantation when the tumors were approximately 15 x
15 mm, lymph node V/32* T-cells were not significantly differ

ent from those in normal mice (not shown). Tumors were
removed from these mice and 6 weeks after tumor removal (12
weeks after initial tumor implantation), about one-half of the
V/32* T-cells were deleted (Table 1). It is to be noted that one-
half of the lymph node VÃŸ2+T-cells were lost 6 weeks after C4
HAN implantation. Therefore, the C4 tumor also deletes V/32"1"

T-cells, but at a slower rate than C4 HAN. Taken together,
these data demonstrate a novel V/32-deleting activity expressed
by C4 lesions which results in a profound, systemic change in
the host T-cell repertoire.

Recently, milk-transmitted MMTV, a known mammary car
cinogen, was found to cause the deletion of V/314+T-cells. Mice
exposed neonatally to milk MMTV lose most of their VÃŸ\4*
T-cells in 8-10 weeks (17). Furthermore, T-cells from mice
with certain Mtv proviruses lack particular VÃŸs(2, 6-8). Ge
netic mapping shows perfect correlation of these inherited Mtv
proviruses with the previously undefined mis genes. Thus, mis-
la, -2a, -2-like, -3a, -Etc-1, -Dvbl 1-1, and -Dvbl 1-3 represent

3332

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3331/2443888/cr0510123331.pdf by guest on 19 M

ay 2023



DELETION OF V(i2 T-CELLS BY MAMMARY LESIONS

Mtv-7, 13, -6, -1, -9, -8, and -11, respectively. The mis super-
antigens are, therefore, Mtv gene products. The Mtv-1 and -2

proviruses have also been associated with mammary tumor
development (16).

BALB/c mice are deficient in T-cells bearing V/i3, -5.1-2,
and -11 because of the germinally transmitted proviruses Mtv-
6, -8, and -9 in their genome (16). The deletion of V02+ T-cells

by a BALB/c C4 lesion is not a result of the usual Mtv provirus
constituents in the BALB/c genome. An extra copy of Mtv gene
is expressed (18) and was identified on chromosome 9 of C4
HAN and tumor cells (19). We hypothesize that the extra Mtv
provirus observed in C4 HAN and tumors, which may be
associated with C4 mammary tumorigenesis, encodes a gene
product that shapes the host T-cell repertoire.

At 3 weeks of age when mice were implanted with C4 HAN,
the peripheral T-cells are comparable to adult mice in function
and number and are relatively independent of the thymus. Thus,
the deletion of VfJ2+ T-cells in these mice is likely a result of
peripheral rather than thymic elimination. Deletion of VÃŸ2+T-

cells in 8-week-old mice further supports this notion. In vivo
exposure of mature mice to w/s-disparate cells (20, 21) or
bacterial toxins (22) results initially in activation and then
deletion of T-cells with selected VÃŸs.The gradual deletion of
VÃŸ2* T-cells by C4 lesions in mature mice parallels these

findings. Also the prolonged time course of the VÃŸ2deletion
by C4 lesions is similar to the reported V014 deletion in MMTV
transgenic mice (23). The second phase V/J2 deletion may
represent loss of T-cells with a slower turnover time.

At this time, one can only speculate if T-cell deletion contrib

utes to C4 mammary tumorigenesis. It would seem, however,
that VÃŸ2+T-cells are not essential in transplantation immunity

of C4 tumors. In vivo growth followed by surgical removal of
C4 tumor caused irreversible deletion of VÃŸ2+T-cells. The

same procedure, on the other hand, protected mice from specific
tumor challenge (24). Furthermore, mice deficient in VÃŸ2+T-
cells are in good general health. Thus, deletion of V02* T-cells

may be a nonfunctional byproduct of C4 HAN/tumor growth.
Should this be the case, VÃŸ2loss would still be a sensitive
indicator of the disease state of the animal. At 3-4 weeks after

C4 HAN implantation, when the C4 HAN is not palpable and
the animal shows no sign of neoplastic disease, one-half of the
VÃŸ2*T-cells are already deleted. HistolÃ³gica! examination of

the fat pad at this time usually shows 20-40% occupancy by

the HAN tissue. Such animals have a 70% prognosis of tumor
development. Therefore, loss of V/32* T-cells from the periph

ery is a sensitive indicator of malignant predisposition in these
mice. Further exploration of such changes in mammary neopla
sia is warranted.
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