











CLASS 1 MHC AND MAMMARY EPITHELIAL ANTIGENS IN METASTASIS

Fig. 4. Immunohistochemical staining of
basal and luminal epithelial markers on SP1
cells in the subcutis and mammary gland. Fro-
zen sections were prepared as in Fig. 3 and
stained with basal (JSE3; a, ¢, €) and luminal
(50BS; b, d, f) specific monoclonal antibodies
(X 432). a, b, SP1 in vitro; c, d, SP1 in s.c. site
(14 days); e, £, SP1 in cleared mammary gland
(14 days).

s.c. injection of 10* to 10° cells. In addition, no metastasis
occurred up to 4 months following resection of s.c. injected
SP1 tumors (3 to 21 days postinjection). In contrast, there was
clear evidence of metastatic lung nodule formation in many
(approximately 35%) mice with intramammary tumors (Table
1, Fig. 54). Metastasis was abrogated when tumors were re-
sected 3 to 21 days postinjection, excluding the possibility that
metastasis occurred due to trauma of the injection and/or
healing processes. When metastatic lung nodules were resected
and reinjected, extensive lung and lymph node metastasis de-
veloped from many (40-53%) s.c.-injected tumors and from
virtually all IMF-injected tumors. Similar results were obtained
following one or two cycles through the mammary gland of
SP1 cells from metastatic nodules (Table 2). Thus, growth of
SP1 cells in the mammary gland yields outgrowth of metastatic
nodules with increased metastatic potential, whereas there was
no detectable metastasis from the subcutaneous site.

Increased Expression of Class I MHC and Breast Epithelial
Markers on SP1 Tumor Cells during Growth in the Mammary
Gland. It is possible that certain differentiation markers might
be preferentially expressed on SP1 in the intact mammary gland
compared to the subcutis. First, we examined the pattern of
expression of Class I and II MHC antigens which are known
to be developmentally regulated (31, 32). When analyzed by
flow cytometry and immunohistochemical staining, SP1

a 1]
b d
e f

showed very little Class I or Class II MHC expression during
growth in the subcutis (Figs. 2C, 34). However, during growth
in the mammary gland, significant Class I staining (40-50%)
of the cells was observed (Figs. 2D and 3B). No Class II MHC
antigens were detected on the tumors in either site. In contrast,
Class I and Class II MHC antigens were expressed on a large
fraction of epithelial cells from malignant hyperplastic alveolar
nodules (Fig. 2B) and from the normal mammary gland (Figs.
24 and 3C).

Second, we analyzed mammary epithelial specific markers.
Several monoclonal and polyclonal antibodies were used to
identify markers specific for basal (27), luminal (27), and my-
oepithelial (28) cell subsets. SP1 showed no detectable epithelial
markers when grown in culture (Fig. 4, 4 and B). However
expression of both basal (JSE3) and luminal (50B8) epithelial
markers was evident on a fraction of SP1 tumor tissue as early
as 7 days following transplant into the mammary gland as
assessed by immunohistochemical staining (Fig. 4, E and F).
Between 7 and 14 days post-s.c. transplant, very little staining
of SP1 tumor cells with epithelial markers was observed (Fig.
4, C and D); although some staining was detectable by 21 days
(Table 3). Similarly, fluorescence-activated cell sorting analysis
of collagenase-digested 10-day tumors revealed 8% JSE3 and
21% SOBS8 positive SP1 cells from the IMF site and less than
1% positive cells from the s.c. site or in vitro. Strong expression
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Table 3 Kinetics of expression of Class I MHC and mammary epithelial markers on SP1 in the mammary fatpad, the subcutis, and metastatic nodules

Staining with®
Days No. JSE3® 50B8® 50k° M1/42¢
Cell source postinjection exp. (basal) (luminal) (myoepithelial) (Class I MHC)

SP1 In vitro N/A 5 - - - -
SP1 Subcutis 7 1 -+) -+ NT =(+)

14 1 -(+) -(+) NT -(+)

21 1 + + - -+

28 1 + + - -(+)
SP1 Intact mammary gland 7 1 + + NT ++

14 1 ++ ++ NT ++

21 1 ++ ++ - ++

28 1 ++ ++ - ++
SP1 Cleared mammary gland 14-21 3 ++ ++ - ++
SP1 14-D explant from IMF site® 43 1 ++ ++ NT NT
SP1 14-D explant from s.c. site’ 43 1 -+ -+ NT NT
SP1 lung met (0 cycle)” 53-63 4 ++ ++ - -
SP1-10-M lung met (1 cycle)” 49 2 ++ ++ - -
SP1-10-2M lung met (2 cycles)f 49 2 ++ ++ - -
SP1-10-2M 1° IMF tumor 17 1 ++ ++ NT -
SP1-10-2M 1° sc tumor 17 1 ++ ++ NT -
HAN TUMOR IMF 60 1 ++ ++ + ++

¢ Detected by immunohistochemical staining as described in Figs. 3 and 4 and “Materials and Methods”™: —, negative; —(+), <10%; +, 10-50%; ++, >50% positive

cells.

5 MoAbs against basal and luminal epithelial markers were obtained from Dr. A. Sonnenberg (27).

€ Rabbit anti-mouse K50 keratin antisera (myoepithelial cell specific) was obtained from Dr. B. Asch (28).

4 M1/42 provided by Dr. M. Mescher (23) recognizes a monomorphic determinant on Class I (K and D) molecules.

¢ SP1 tumors were excised from the IMF site 43-day postinjection and allowed to grow for 14 days in vitro. Cells were cytocentrifuged onto glass slides, fixed with

methanol, and stained.
/See Table 2, footnotes a and b.

of basal markers and weak expression of luminal markers was
maintained in culture for at least 14 days following explant
from the primary IMF site. No expression of the myoepithelial-
specific K50 keratin marker (32) was detected at any time or in
either site, although other keratin-like epithelial cytokeratins
(33) were expressed (data not shown). The pattern of basal,
luminal, and myoepithelial markers on epithelial cells from
HAN tumor and normal mammary tissue (data not shown) was
similar to that described elsewhere (27), confirming the speci-
ficity of the antibodies used.

Lack of Class I MHC, and Expression of Epithelial Markers
in SP1 Metastatic Nodules. To determine whether phenotypic
changes in SP1 cells during growth in the mammary gland are
related to metastasis, Class I MHC and epithelial markers were
assessed in tumor cells from pulmonary metastatic nodules.
Analysis by immunohistochemical staining revealed that all
metastases examined showed low levels of Class I MHC expres-
sion compared to surrounding normal lung tissue (Fig. 3D,
Table 3). This finding was also confirmed by flow cytometric
analysis of lines recovered from six explanted nodules (data not
shown). In contrast, all metastatic nodules following one, two
or three passages in the mammary gland showed distinct stain-
ing with basal and luminal but not myoepithelial markers (Fig.
S, B and C, and Table 3). SP1 cells from metastatic nodules
continued to display lack of Class I MHC antigens while
expressing both epithelial markers (JSE3 and 50B8), when
injected into either s.c. or IMF sites.

Host Mammary Epithelium is not Required for Expression of
Epithelial Markers and Metastatic Phenotype of SP1. Removal,
by cauterization, of the host epithelium of the mammary bud
at 3 weeks after birth (before penetration into the fatpad) yields

fatpads void of normal ductal epithelium (22). Comparable
increases in expression of Class I MHC antigens and basal and
luminal epithelial markers on SP1 cells was observed in cleared
versus intact glands (Fig. 3B and Table 3). In addition, lung
metastases occurred in animals injected with SP1 cells into
either cleared or sham cleared mammary glands (Table 4). Thus
interaction with the normal ductal epithelium is not required
for expression of Class I MHC antigens or epithelial markers
on SP1, nor for metastasis from the mammary gland.

DISCUSSION

In the present study, we have shown that the microenviron-
ment of the mammary gland can significantly influence the in
vivo growth behavior and expression of surface markers of a
murine mammary carcinoma cell line SP1. SP1 (or subclone
10.1) was significantly more tumorigenic following injection
into the mammary site than when injected into the s.c. site:
tumors formed at a lower LTDs, and with a shorter lag period.
Virtually no metastasis of SP1 tumor cells was observed follow-
ing s.c. injection, whereas clear evidence of metastatic lung
nodule formation was apparent following injection into the
mammary gland. The observation that metastasis is abrogated
by resection of the primary tumor up to 21 days postinjection
is consistent with the notion that the mammary gland provides
an advantageous environment for growth of SP1 cells. Similar
results have been reported with other murine mammary tumors
(34, 35) as well as with human bladder and renal tumors grafted
into the corresponding tissue of tumor origin in nude mice (11,
12).

A novel finding in our system is that tumor cells from lung
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Fig. 5. Immunohistochemical staining of epithelial markers on SP1 cells in
lung metastatic nodules. Frozen sections of a pulmonary metastatic nodule were
prepared and stained as in Fig. 3. a, light micrograph (HPS staining) (x 88.6); b,
basal marker (JSE3) (X 512); ¢, luminal marker (S0B8) (x 512).

nodules displayed an increased metastatic capability (compared
to the parent tumor line) following reinjection into either the
subcutis or the mammary gland. Thus outgrowth of a relatively
stable metastatic population of SP1 cells occurs during growth
in the mammary gland. It is not clear if that metastatic popu-
lation preexisted in the inoculum or was induced by growth in
the mammary gland. Frost et al. (36) have reported selection
of metastatic variants with identifiable karyotypic changes from

Table 4 Growth and metastasis of SPI cells from the mammary fatpad cleared of

host epithelium
No. of Day of No. of No. Time of
tumor 10-mm mice with  nodules sacrifice
Fatpad site takes tumor DIA® metastasis per mouse postinjection
Sham cleared 4/4 24.3+2.7 2/4 4,3 49D
Cleared’ 9/9 21343 2/9 1,1(Large) 49D

® See Table 1, Footnote b.
® Cauterization of mammary bud at 3 weeks.

SP1 after treatment with certain drugs (e.g., 5-aza-2’-deoxycy-
tidine). In addition, Kerbel et al. (37) have shown that calcium
phosphate treatment can induce a stable metastatic phenotype
in a significant portion of SP1 cells. These results as well as
ours are consistent with an induction mechanism, but do not
rule out selection of precommitted clones in the parent cell line.
Kerbel et al. (37, 38) reported that primary s.c. and IMF tumors
and metastases which formed from the injection of a mixture
of over 50 transplanted SP1 clones consisted of one dominant
clone, compared to tumors from i.v. injected cells which were
more heterogeneous. Miller et al. (39) have also found that
interactions between mammary tumor subpopulations can lead
to dominance by one subpopulation both in the subcutis and in
vitro. However, since tumor heterogeneity is a continuously
evolving process (40), new clones could be generated, followed
by tissue-specific selection. Karyotypic analysis of SP1 cells
growing in metastatic nodules from mice with IMF-injected
tumors showed a marked increase in cells with an isochromo-
some marker (i(2q)), present at low frequency in the parent SP1
tumor. In addition, a new marker chromosome (a 10/18 trans-
location), not detected in SP1, was present in 75 to 100% of
the mitotic cells from the metastatic site.’> These preliminary
results are consistent with the view that selection of SP1 tumor
subpopulations occurs during IMF growth and metastasis, al-
though induction of new tumor subsets could also occur. Ex-
periments are in progress to determine whether differential
selection or induction of subpopulations of SP1 cells occurs in
the mammary gland compared to the subcutis; these results will
be published elsewhere.

Another important finding is the preferential expression of
luminal and basal epithelial antigens and Class I MHC mole-
cules, on SP1 cells during growth in the mammary gland
compared to the subcutis. Myoepithelial keratin K50 was not
detected at any time, confirming that the myoepithelial cell
phenotype was not associated with primary or metastatic
growth of SP1 cells. Dairkee et al. (41) reported that human
breast cancers expressed luminal or basal keratins but not both.
They suggested that the antigen phenotype of the breast cancer
cells reflected the cell of origin. Perhaps the autocthonous SP1
tumor which exhibited obvious glandular structures was heter-
ogeneous whereas strong selection occurred in vitro and in s.c.-
transplanted tumors which were morphologically undifferen-
tiated. The reexpression of luminal and basal markers on SP1
cells growing in the mammary gland could represent partial
regeneration of ductal epithelial-like structures (27).

The observed reduction in Class I MHC antigen expression
on SP1 tumor cells from metastatic lung nodules as compared
to that of the primary tumor in the mammary gland is consistent
with the view that MHC is inversely related to the metastatic
process (1-4). It is possible that several surface antigens are
induced by normal stroma but the Class I MHC loss variants
are selected during metastasis. In contrast to the parent tumor,

$ Mudrik, K., Marshall, J., Holden, J. A. J., and Elliott, B. E. Cytogenetic
analysis of growth and metastasis of a murine mammary carcinoma in orthotopic
versus ectopic sites, manuscript in preparation.
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Class I MHC negative metastatic lines transplanted into the
mammary gland retained low levels of Class I expression,
suggesting that MHC expression on these cells is refractory to
the mammary gland effect. The mechanism of reduced MHC
expression in metastatic SP1 cells is currently being investi-
gated.

The fact that both basal and luminal epithelial markers are
retained on a significant portion of SP1 cells in lung metastases
and on tumor explants implies that this phenotype, whether
selected from preexisting cells or induced, is relatively stable.
The newly expressed differentiation markers we have detected
may themselves play no role, but may be coexpressed with an
underlying alteration in some growth-associated parameter,
such as hormone or growth factor responsiveness (42, 43),
which is responsible for the changes in growth and metastatic
phenotype of SP1.

The apparent effect of normal stroma on the expression of
differentiation markers by carcinoma cells reported here adds
to a long list of stromal-epithelial interactions occurring in the
mouse mammary gland (12-14, 44-50). Stromal-epithelial in-
teractions are evident as early as Day 11 in utero (44, 48) and
competence persists in the adult (49, 50). The development of
several organs depends upon mesenchymal-epithelial interac-
tions during embryogenesis (51-53). The retention of the ca-
pacity of adult mammary gland stroma to influence epithelial
cytodifferentiation, morphogenesis, and growth allows for the
continual remodeling of the mammary gland in the reproductive
adult. Since mammary tumors behave quite differently when
transplanted into their natural site of origin compared to the
subcutis, the influence of mammary stroma on neoplastic mam-
mary cells should not be ignored in studies of mammary tumor
biology.
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