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Milk-Specific RNase as a Marker of Differentiation of Rat Mammary Tumors (42584)
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Abstract. Various rat mammary tumors were analyzed for the presence of a milk-specific Ca®*-
stimulated RNase (Ca**-RNase). When crude extracts of some differentiated tumors—adenocar-
cinomas of MT/W9, MT/W9a, R3230AC, DMBA-1, DMBA-8, and DMBA-14 and 3MN squa-
mous cell carcinoma—were assayed for RNase activity under various ionic conditions, it was
always highest in the presence of Ca?*/EDTA than under any other ionic condition. The opposite
was true in invasive MT/W449a and 13762 adenocarcinomas, poorly differentiated SMT/2A
carcinomas, MAMF, /TC fibrosarcoma, and MT/A fibroadenoma. Sephacry! S-200 chromatog-
raphy separation of tumor extracts confirmed the presence of Ca?*-RNase in those differentiated
tumors and absence of the enzyme from other tumors. Expressing the activity as a ratio of Ca®*/
EDTA to either Mg?*/EDTA or EDTA alone to more clearly represent the relative level of Ca®*-
RNase activity further illustrates the distinct differences between tumor classes. Thus Ca?*-RNase
is a sensitive marker for use in the characterization of rat tumors with respect to differentiated

mammary functions.

© 1987 Society for Experimental Biology and Medicine.

Rat mammary gland contains a Ca®*-
RNase which increases during lactation and
which is absent from both nonmammary tis-
sues and sera of either lactating or nonlactating
rats (1). The complete dependence on Ca®*
for catalytic activity distinguishes this RNase
from other RNases in sera and tissues of rats
(1-3). High levels of this enzyme are present
in rat milk rendering it a constitutive milk
component (3). In a preliminary survey we
observed that the Ca?*-RNase was present in
estrogen- and prolactin-sensitive R3230AC rat
mammary adenocarcinomas and was absent
from a rat hepatoma (1, 4), suggesting that the
enzyme could be a marker for the character-
ization of rat tumors with respect to hormonal
sensitivity and to differentiated mammary
function, i.e., milk production and secretion.
In this study we assayed a series of established
rat mammary tumors for RNase activity and
demonstrated that high Ca®*-RNase activity
is related to epithelial cell type and to hormone
sensitivity.

Materials and Methods. All rat mammary
tumors, except R3230AC mammary adenc-
carcinoma, were provided by Dr. A. E. Bogden
of EG & G Mason Research Institute Tumor
Bank, sponsored by the Division of Can-
cer Biology and Diagnosis, National Cancer
Institute. These tumors included adeno-
carcinomas of MT/W9 (mammotropin-
dependent), MT/W9a (growth retarded by
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ovariectomy), DMBA 1 (9,10-dimethyl-1,2-
benzanthracene-induced, carried in lactating
females), DMBA 8 (actively secreting), DMBA
14 (growth inhibited by ovariectomy), meta-
static adenocarcinomas of MT/W449a (in-
vasive) and 13762 (inhibited by estrogen, in-
vasive), undifferentiated carcinoma SMT/2A
(invasive) and mammary squamous carci-
noma 3M2N (stimulated by estrogen), mam-
mary fibrosarcoma MAMF, /TC (inhibited by
estrogen), and mammary fibroadenoma MT/
A (5). Each mammary tumor was received in
dry ice in a sealed vial containing small pieces
of tumor suspended in tissue culture medium
199 fortified with 10% dimethyl sulfoxide and
15% rat serum. Tumors were kept at —70°C
until used. The R32230AC mammary tumor
(stimulated by estrogen and prolactin) (5, 6)
was that transplanted and grown in F344
female rats for 3 to 4 weeks as previously de-
scribed (7).

Membranous connective tissues were re-
moved from freshly collected R3230AC tumor
pieces (6) and excess suspending medium was
drained from the frozen tumor pieces while
on filter paper on ice. All subsequent steps
were carried out at 4°C. The tumors were ho-
mogenized in 20 vol of buffer A (50 mAf Tris/
HCl, pH 7.9, 0.1 mM EDTA, 0.1 mM dithio-
threitol, 1 mg/ml bovine serum albumin, 50
mAM ammonium sulfate, 25% glycerol) using
an Ultra-Turrax (Tekmar Co., Cincinnati,
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OH) for four i5-sec bursts at medium setting.
The homogenates were centrifuged at
105,000¢ for 60 min and the supernatants were
used for enzymic assay and Sephacryl S-200
separations.

Each sample was assayed for RNase activity
using a combination of ionic conditions (1-
3). Each condition was done in triplicate.
Briefly, for routine assay, each tissue extract
was incubated at 37°C for 30 min with
[*H]poly(U) (0.48 nmole phosphate, 19 uCi/
umole phosphate) under the same buffered
conditions (1) simultaneously with three dif-
ferent ionic combinations: (a) 10 mAM EDTA
(EDTA), (b) 15 mM CaCl, plus 10 mM EDTA
(Ca?**/EDTA), and (c) 15 mM MgOAc plus
10 mM EDTA (Mg?*/EDTA). The enzymatic
activity was based on the rate of increase of
3H-nucleotides soluble in 95% ethanol-10 mM
MgOAc at —20°C, expressed as units (1 unit
= (0.024 nmole phosphate) per milligram of
tissue (1). The presence of Ca’*-RNase was
indicated when RNase activity was highest
with Ca**/EDTA than with other ionic con-
ditions. The ratio of RNase activity with (b)
to (a) or to (c) was taken to indicate the relative
level of Ca®*-RNase activity.

For separation of Ca’>*-RNase from other
tissue RNases, 300 ul of extract was placed
onto a Sephacryl S-200 column (0.5 X 92 cm)

equilibrated with buffer B (0.1 M Tris/HCI,
pH 7.3, 1 mM dithiothreitol, 0.34 M sucrose,
0.2 M KC]) and the enzymes were eluted with
the same buffer (3). Each fraction was assayed,
in triplicate, for RNase activity as described
above using 5 mM Ca**, 5 mM Mg?*, and no
added ion. Longer incubation time at room
temperature was used in case of low enzymatic
activity.

Results. Table I shows RNase activity in
various tumors assayed under different ionic
conditions and the ratio of RNase activity be-
tween that assayed with Ca?* and without Ca?*
present. Similar values from normal lactating
mammary gland are included for comparison
(2). With the exception of the MT/W449a and
13762 adenocarcinomas, all the adenocarci-
nomas of differentiated tumors exhibited the
highest RNase activity with Ca’/EDTA, fol-
lowed by those with Mg?*/EDTA, and the
lowest with EDTA. This order was the same
in normal lactating mammary gland (2). The
ratio of RNase activity between Ca**/EDTA
and Mg?*/EDTA among these tumors ranged
from 5 to 13 and the ratio between Ca®*/
EDTA and EDTA ranged from 73 to 604, with
the two ratios increasing essentially in the same
order. The ratios from lactating mammary
gland were respectively 52 and 81. In the MT/
W449a and 13762 adenocarcinomas, both

TABLE 1. RNase ACTIVITY IN VARIOUS RAT MAMMARY TUMORS ASSAYED UNDER DIFFERENT IONIC CONDITIONS

RNase activity (units/mg tissue) in

Activity ratio of
Ca**/EDTA and

Mammary tissue EDTA Ca>*/EDTA Mg?*/EDTA Mg?*/EDTA EDTA
Adenocarcinoma
R3230AC 1.1 251.0 19.0 13 228
MT/W9 0.5 302.0 27.8 11 604
MT/W9a 1.3 94.0 18.0 5 73
DMBA 1 0.3 147.0 12.4 12 490
DMBA 8 0.2 106.0 10.0 10 530
DMBA 14 0.7 90.0 12.4 7 129
MT/W449a 27.1 22.0 25.8 0.9 0.8
13762 0.6 4.9 13.7 0.4 8.2
Carcinoma
SMT/2A (undifferentiated) 2.0 2.5 12.9 0.2 1.3
3M2N squamous 1.5 116.0 19.3 6 77
Fibrosarcoma MAMF, /TC 0.9 2.8 12.9 0.2 30
Fibroadenoma MT/A 0.2 0.7 2.5 0.3 3.5
Lactating mammary gland* 150£9.7 1220 +24.0 234+ 12,6 52 81

4 Data from Ref. (2).
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metastatic tumors, RNase activity in Ca?*/
EDTA was lower than that under other ionic
conditions. Thus the ratio of RNase activity
between Ca?*/EDTA and Mg?*/EDTA or
EDTA was respectively 0.9 and 0.8 in MT/
W449a and 0.4 and 8.3 in 13762. The 3M2N
hormonal-sensitive squamous carcinoma was
the only other tumor examined that had higher
Ca**-RNase activities, with an RNase activity
ratio between Ca®*/EDTA and Mg?*/EDTA
or EDTA of 6 and 77, respectively (Table I).
The undifferentiated SMT/2A carcinoma,
MAMF,/TC fibrosarcoma, and MT/A fi-
broadenoma were all higher with Mg?*/EDTA
than under other ionic conditions, with lower
ratios of Ca’'/EDTA to Mg®>*/EDTA or
EDTA.

Figure 1 shows typical Sephacryl S-200 col-
umn profiles of RNase separation from several
tumor extracts. Without exception, the col-
umn fractions obtained from R3230AC (Figs.
1A and 1C), 3M2N (Fig. 1B), DMBA 8 (Fig.
1D), and MT/W9a (Fig. 1E), all of which ex-
hibited high ratios of Ca?>*/EDTA to Mg?*/
EDTA or EDTA, consistently showed higher
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FI1G. 1. Sephacryl S-200 gel filtration of mammary tumor
extracts (300 ul) and assay for RNase in column fractions
(0.4 ml/fraction) under different ionic conditions: @, 5
mM Ca?*; O, 5 mM Mg**; and A, no added ion. (A)
R3230AC tumor, (B) 3M2N tumor, (C) R3230AC tumor,
(D) DMBA 8 tumor, (E) MT/W9a tumor, and (F) MT/
449a tumor. BD indicates the elution volume of Blue
Dextran 2000 and Cyt. c indicates the elution volume of
cytochrome ¢ (M, 12,300). All enzymatic assays were car-
ried out at room temperature for 16 hr, except those in
(A), which were done at 37°C for 30 min.
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peaks with Ca’*/EDTA than with Mg**/
EDTA or EDTA. The Ca?>"-RNase peaks dis-
tributed in a region ranging from M, 35,000
to 55,000. This range suggested multiple forms
of Ca?*-RNase, as in similarly separated Ca*-
RNase in rat milk (2). The Ca**-RNase peak
was absent from the MT/W449a tumor (Fig.
1F), which was low in the RNase ratios be-
tween Ca?*/EDTA and Mg**/EDTA or
EDTA.

Discussion. Characterization of mammary
tumors with respect to their responsiveness to
hormones such as estrogen, progesterone, and
prolactin would provide insights into growth
and differentiated properties of the tumors.
Clinically, determination of receptors for es-
trogen and progesterone aids in therapeutic
design (8, 9) and in prognosis (9, 10). Still,
some receptor-positive tumors do not always
respond to endocrine therapy (9). Thus, as-
saying for the presence of unique milk com-
ponents such as lactose, a-lactalbumin, or ca-
sein in mammary tumors would more directly
reveal hormonal sensitivity or functional re-
ceptors. Unfortunately, the presence of a
unique milk component like a-lactalbumin
may also not correlate with hormone depen-
dency (11). Other markers are therefore re-
quired. We now demonstrate that the milk-
specific Ca>*-RNase is a sensitive marker for
mammary differentiation. Assaying for its
presence is useful in the characterization of
unknown tumors, present at least in rat tu-
mors. Although most tumors that we have ex-
amined were a single pooled tumor specimen,
the data clearly showed that without exception
Ca’*-RNase activity occurred only in adeno-
carcinomas and adenomas and only in those
known to be sensitive to ovarian or pituitary
hormones (5). Included among the Ca?*-
RNase-positive tumors was the low estrogen
receptor and prolactin-sensitive R3230AC
adenocarcinoma (12-14), which are also high
in a-lactalbumin (15). The Ca?*-RNase-pos-
itive 3M2N tumor, consistent with its sensi-
tivity to estrogen (5), however, is low in a-
lactalbumin content (14). Thus it is possible
for nonparallel expression of different milk
proteins in the same tumor. The mechanisms
remain to be investigated.

The advantage of using the current RNase
assay method is that the procedure is simple,
and most of all, accurate and sensitive. Less
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than 1 mg tumor tissue is necessary for car-
rying out the determination (for each set of
enzymatic assay less than 15 ug tissue would
suffice). The absolute requirement of Ca* for
enzymatic activity makes the present method
useful for crude samples without sacrificing
specificity. It should be noted, however, that
since other non-mammary-specific RNases are
not totally inactive with Ca®" present in the
assay, short of total separation of the milk-spe-
cific Ca®*-RNase from other enzymes it would
be difficult to estimate precisely the activity
attributable to the Ca?*-RNase. By taking the
ratio of enzymatic activity with Ca?*/EDTA
and Mg”*/EDTA or EDTA, we were able to
distinguish the Ca?*-RNase-positive and
-negative tumors. Mg?* was included to max-
imally activate Mg?*-requiring cellular RNases
(16). EDTA was included to remove endoge-
nous ions from the extract which might inter-
fere with Ca?*-RNase. Since EDTA alone has
no direct inhibitory effect on cellular RNases
(16), by using higher Ca** than EDTA con-
centrations in Ca**/EDTA we were able to ac-
curately obtain Ca**-RNase activity (3). From
the data shown in Table I, for practical appli-
cation using crude tissue extract, an RNase
activity ratio between Ca>*/EDTA and Mg?*/
EDTA of greater than 5 or between Ca®'/
EDTA and EDTA of greater than 10 would
be a useful index for judging the Ca?*-RNase-
positive and -negative tumors.

The presence of the Ca**-RNase activity can
be equally well demonstrated by gel filtration.
The Ca’*-RNase-positive tumors contained
various amounts of different size enzymes. The
reason for the differences as well as the nature
of heterogeneity is not known. The multiforms
were, nevertheless, similar to that of milk en-
zyme, but different from the secretory RNase
of pancreas or serum types (3).
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