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ABSTRACT

The histochemical characteristics of a M, 29,000 phosphoproteii.
related to estradiol receptor are described in a large series of human
breast tumors. The antigen was detected with a monoclonal antibody
(D5) raised against partially purified human myometrial estradiol recep
tor. An indirect immunoperoxidase method was used with methacarn-
fixed, wax-embedded sections. Quant Â¡tation of staining and its reproduc-
ibility are described. Results with trucut biopsies agree with those ob
tained with larger tumor sections. Normal breast is infrequently positive.
Histochemical staining is higher in invasive carcinoma than in normal
breast with ductal carcinoma in situ adjacent to infiltrating tumors
exhibiting intermediate values. Furthermore, most in situ carcinomas
have a heterogeneous staining pattern. About 20% of invasive tumors
also exhibit heterogeneity. No simple correlation is seen between staining
and histolÃ³gica! grade. There are more low-staining tumors in young
(<50 yr old) patients than in older women.

Staining correlates with levels of cytosol estradiol receptor but not
cytosol progesterone receptor. However, cytosol estradiol receptor-neg
ative, cytosol progesterone receptor-positive tumors tend to have positive
M, 29,000 phosphoprotein levels. Positive staining is associated with a
higher response rate to hormone therapy (50%). None of the negative
tumors responded to hormone treatment. With these patients, comparison
of histochemical assay for M, 29,000 phosphoprotein and (3H]estradiol

binding assays indicated that the former was at least as good as the latter
assay in predicting hormone response. About 20% of cytosol estradiol
receptor-positive tumors have low M, 29,000 phosphoprotein, and such
tumors have poor response to hormone treatment.

INTRODUCTION

In experiments designed to raise monoclonal antibodies
against RE3 from human uterus, we obtained an IgGl mono

clonal antibody that recognized p29 and not the estradiol bind
ing unit (1, 2).The immunogen was myometrial RE partially
purified by ammonium sulfate precipitation and affinity diro
matography on an estradiol hemisuccinate column (3). Anti
body screening was by ability to precipitate I25l-labeled estradiol
specifically bound to ammonium sulfate-purified, human my
ometrial RE. We now know that p29 will complex with RE
under certain conditions, one of which is treatment with am
monium sulfate (1,4). It was therefore possible that p29 was
an artefactual contaminant of the RE preparations used in these
experiments and that it had no biological importance in the
context of estrogen action. However, several points militated
against this view: p29 was only found in RE-positive tissues (4,
5); it was quantitatively related to RE but not RP levels (2, 4),
and the conditions provoking RE p29 interaction (high salt or
temperature were stimulatory, molybdate inhibitory) were those
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that activate RE for nuclear binding (1, 4). It is therefore
possible that p29 is either a previously undetected component
of the estradiol receptor machinery or a specific product of
estrogen action.

We have previously reported a pilot study on the histochem
ical localization of this antigen in human tissues (5). These data
indicated the cytoplasmic location of the antigen in ethanol-
fixed, wax-embedded samples and supported the idea of a
qualitative and quantitative relationship between p29 and RE.
This paper extends those data on 393 tumors with respect to
(a) using a different fixative to improve tissue preservation, (b)
validation of methodology, (e) quantitative relationship to RE,
and (d) clinical usefulness of histochemical assessment of p29
in human breast tumors.

MATERIALS AND METHODS

Unless stated otherwise, all procedures were carried out at room
temperature.

Patients. Tumors were obtained from patients with operable breast
cancer treated either by modified radical mastectomy or excision of
tumor followed by radiotherapy. The clinical data are derived from a
subset of patients who have relapsed and received endocrine therapy
alone (either ovarian ablation or tamoxifen either alone or in combi
nation with prednisolone).

Tissues and Staining. Tissues were fixed in methacarn (metha-
nol:chloroform:acetic acid; 60:30:10) and processed as described pre
viously (5). This method gave the same staining as the previously
described ethanol fixation (5), but tissue preservation was superior with
methacarn. For routine purposes the indirect immunoperoxidase
method was used as described previously (5). Sections were stained for
1 h with antibody D5 (8 jig of protein per ml) that had been purified
by ion exchange and Protein A chromatography (1). This preparation
has been stored at 4Â°Cin solution (400 Mgprotein per ml) for 3 yr

without deterioration. After washing, the sections were incubated with
1:50 dilution of peroxidase-conjugated sheep anti-mouse IgG (Amer-
sham International, Amersham, United Kingdom) containing 1:25
dilution of human serum for 45 min followed by a 10-min incubation
with diaminobenzidine-hydrogen peroxide reagent (5).

In some cases, alkaline phosphatase/antialkaline phosphatase stain
ing was used as described by Cordell et al. (6). The avidin-biotin method
was also tested as described in the manufacturer's leaflet (Vectastain).

When imidazole was tested as an enhancing agent for the peroxidase
reaction, it was added at a final concentration of 10 mM as recom
mended (7).

QuantitÃ¤ten of Staining in Breast Tumor Sections. Tumor cellularity,
staining intensity, and proportion of positive tumor cells were assessed
by eye as previously described (5). The proportion of tumor cells per
section was assessed by eye and allocated on a score of 0-6. Staining
intensity was estimated on a 0-3+ scale. The staining index was a
simple multiple of the cellularity and staining scores. Two sections
were stained, and values were calculated as a mean of the two individual
values. Tumors were defined as being heterogeneous if more than 10%
of tumor cells differed in positivity or negativity from the remaining
tumor cells. All assessments were made without knowledge of receptor
status.

Comparison of Open Biopsy and Trucut Samples. Trucut biopsies (8)
were obtained from excised tumor, and sections of trucut sample and
excised tumor were both processed. The trucut samples were not taken
directly from patients.
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Assessment of Cellularity by Microscope Grid. The eyepiece of the
microscope was fitted with a graticule that divided each microscope
field into 100 squares. The proportion of tumor cells in each of these
squares was scored as low (1 point), medium (2 points), or high (3
points), depending on whether <30%, 30-60%, or >60% of the area
was occupied by tumor cells. Ten fields were chosen at random for each
section. Finally, the total score/10 fields was divided by the total
number of squares assessed (1000).

Histology. Histological grade of ductal tumors was assessed accord
ing to the method of Bloom and Richardson (9).

Receptor Assays. Ligand binding assays were performed as described
previously (10). Immunoassay of RE by ELISA was as described in the
manufacturer's instructions (Abbott Diagnostics, Ltd., Wokingham,

United Kingdom). Positive tumors had >10 fmol of RE or RP per mg
of protein. Protein was measured in the cytosols by the Coomassie blue
method as described in the manufacturer's leaflet (Biorad, Ltd., Wat

ford, United Kingdom) using bovine serum albumin as standard.
ELISA for p29. Aliquots (25 /Â¿I)of the same cytosols as were used

for receptor assays were incubated for 90 min in 200 n\ of PBS in
Immulon 1 microtiter wells (Dynatech Limited, Billingshurst, United
Kingdom). After washing 3 times with distilled water, 200 ^1 of D5
(0.75 Mg/m') were added to each well and incubated at 37Â°Cfor 2 h.

After three distilled water washes, 200 fi\ of peroxidase-labeled sheep
anti-mouse immunoglobulin (Amersham International, United King
dom) were added to each well [1:500 dilution in PBS:0.05% (v/v)
Tween 20] and incubated for l h at 37Â°C.Wells were washed 3 times

with distilled water and incubated with 200 n\ of peroxidase substrate
(50 mg of o-phenylene diamine hydrochloride (Sigma Chemicals Lim
ited, Poole, United Kingdom) in 100 ml of 0.1 M sodium phosphate-
citric acid buffer (pH 5.0) containing 20 n\ of hydrogen peroxide (100
volume %; Fisons Limited, Loughborough, United Kingdom)]. After20 min the reaction was stopped with 50 nl of 0.5 M sull'urie acid, and

plates were read at 450 nM. Control samples were as described above
except that D5 was omitted from the appropriate incubation medium.
Calibration curves were prepared from a myometrial cytosol standard
ized to an arbitrary number of units of p29.

Clinical Assessment. This was by internationally agreed criteria (11).
A minimum period of 6 mo was used before assessment was made.
Responders had either disappearance of all known disease (complete
response) or >50% decrease in measurable lesions with the appearance
of no new lesions (partial response). The no-change category included
tumors in which there was a <50% decrease or <25% increase in size.
Response failure defined patients in which (a) some lesions regressed
while others progressed, (b) new lesions appeared, or (c) all lesions
progressed.

RESULTS

Staining Method

Thirteen samples were stained both by avidin-biotin and
indirect immunoperoxidase methods. The former gave less than
a 2-fold increase in staining intensity and, in view of the
increased complexity of the method, was not further used. The
addition of imidazole to the peroxidase step of the indirect
method increased staining by about half, but background color
was also enhanced. Therefore, Â¡midazolewas not used routinely.
The alkaline phosphatase bridge method gave comparable re
sults to those obtained by indirect immunoperoxidase, and the
latter was used for routine assays.

Validation of Assay

Cellularity. The subjective assessment by eye was compared
with that obtained by counting cell number per microscope field
with the aid of a grid in the eyepiece. A highly significant
correlation was obtained (P < 0.001) as were the correlations
between yield of soluble protein per g of wet weight tumor and
Cellularity judged either by grid (P = 0.001) or by subjective

assessment (P < 0.01). Reproducibility was reasonable as de
termined by analysis of samples stained on three different
occasions. Only one of the ten tumors that were stained on
three different occasions showed a greater than 50% day-to-day
variation in stain index.

Comparison with P29 Content. A highly significant (P <
0.001) correlation was obtained between the histochemical and
ELISA assay of p29 (Fig. 1).

Comparison of Results Obtained with Open Biopsy and I mail
Samples. A good correlation was obtained with the two types
of sample (Fig. 2). One sample pair not included in these data
contained no tumor cells in the trucut sample. Using an arbi
trary cut-off value of staining index 3.5 to distinguish positive
and negatives samples, 32 of 36 samples were in agreement. Of
the 4 discordant results, 2 were due to differences in cellularity,
and 2 to stain intensity between the trucut and open biopsy
samples.

Analysis of Multicentric Tumors Obtained Concurrently from
the Same Patient. Ten of 13 patients had separate tumors that
gave less than 2-fold differences in each of cellularity, staining
intensity, and index (Patients 1 to 10; Table 1). Of the three
patients whose tumors showed greater divergence (Patients 11
to 13; Table 1), only one (No. 13) would have changed from
positive to negative using a cut-off value for index of 3.5. With
this particular patient, the discrepancy was mainly due to col
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Fig. I. Correlation of histochemical and biochemical analysis of p29 in breast
tumors. I . units of p29 determined from a myometrial cytosol standard (see
"Materials and Methods").

TRUCUT

OPEN BIOPSY

Fig. 2. Comparison of p29 stain index of open biopsy samples and trucut
biopsies of the same sample. A line with a slope = 1 has been included. Linear
correlation, P< 0.001.
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Table 1 Comparison of separate tumors obtained concurrently from the same
patient

Patient1234S678910111213HistolÃ³gica!grade"32Â»222Lobular*23*23*23*12Â»22*32Â»221"22Â»2233*HistochemistryCellularity3.53.53.54333.533.532.543243.5443.552.82.533.5252Intensity0.5000.31.211.51.32.322.53.233.22.33.52.533.21.83.51.53.552.321.5Stainindex1.8001.23.635.33.98.166.212.896.49.212.3101211910.63.810.510.54.6103

" Ductal unless stated otherwise.
' Second primary.

% WITH HIGH
INDEX (Â»3.5)

80
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20

STAIN INDEX
8

180 123 35 24

PHENOTYPE (RE.RP)

Fig. 3. Influence of receptor phenotype on p29 staining. Positive tumors
contained > 10 fmol of either RE (first designation) or RP (second designation)
per mg of protein. Stain indices are given as mean Â±SE with the number of
samples given in each block. Stain index comparisons by Student's t test. ++
versus Hâ€”.not significant; ++ versus â€”,P< 0.001; ++ versus-+, not significant;
â€” versus â€”+,P < 0.05. High staining comparisons by x! analysis. ++ versus
Hâ€”,P< 0.01; ++ versus â€”, P< 0.001; ++ versus â€”Knot significant; â€” versus
-+,P< 0.001. Not significant. P > 0.05.

hilarity rather than stain intensity. The within-patient varia
tions were not related to histolÃ³gica! grade.

Comparison of Stain Index with RE and RP

Most tumors that contained both RE and RP had a high
staining index, although 20% had low p29 (Fig. 3). The RE+
p29 low tumors were all positive when tested by the Abbott
ELISA kit for RE, which rules out the possibility of a defect in
our RE assay. Tumors having little, if any, RE and RP had a
low index, and 85% had an index below the arbitrarily set level
of 3.5. Of the five REâ€”RPâ€”tumors with an index greater than

3.5, only one (3%) had an index greater than 5.
The RE+RPâ€” tumors had a lower mean index (difference

not significant) and a smaller proportion of high index tumors
(P < 0.01) than the RE+RP+ counterparts (Fig. 3). As p29
correlates with RE but not RP levels (see below), the lower
staining obtained with RE+RPâ€” samples probably reflects the
lower RE levels of these tumors as compared to RE+RP+
samples. The latter had a mean RE value of 269 fmol/mg of
protein as compared with 187 fmol/mg of protein for the
RE+RP- samples (P < 0.01).

Of particular interest were the RE-RP+ tumors which had
a significantly higher index (P < 0.05) and a higher proportion
of high value samples (P < 0.001) than the RE-RP- samples.
Of 17 RE-RP+ tumors assayed both by histochemistry and

Abbott RE ELISA, 7 were positive by ELISA and 12 by
histochemistry. These data suggest that such tumors are a
mixture of RE+ and REâ€”samples.

Heterogeneous staining patterns were obtained in about a
quarter of RE+RP+ and RE+RP- tumors and in about one-

third of the cases of the other two phenotypes.
There was no significant relationship between the amount of

RP (fmol/mg of protein) and stain index (P> 0.1), whereas the
index was linearly correlated with RE (P< 0.05). The statistical
significance of this correlation was greater if limited to tumors
with RE below 100 fmol/mg of protein (P< 0.001). These data
are presented in histogram form in Fig. 4. Because of the
discrepant behavior of the REâ€”RP+ tumors (Fig. 3), these

samples have been omitted from the data in Fig. 4. The rela
tionship is most evident in the RE range of 0-50 fmol/mg of
protein; above this level the stain index tends to plateau, al
though the percentage of tumors with high index increases up
to the 101-200 fmol/RE mg of protein group (Fig. 4). Statis
tically significant relationships between RE/mg of protein and

% WITH HIGH (13 5)
INDEX (â€¢-â€¢)

100
80
Â«0
40
20

0

% WITH

HETEROGENEOUS
PATTERN (o-o)

60
40
20
0

STAIN INDEX

12

10

8

6
4
2
0

1

50

50021-50 101-200
11-20 51-100 201-500

RE (fmol/mg protein)

Fig. 4. Correlation of p29 staining with RE levels. Stain indices are given as
mean Â±SE with the number of samples given in each block.
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p29 were not obtained if stain intensity rather than index was
used.

Heterogeneous staining patterns are most common in the
low RE samples but are seen in all the RE categories shown in
Fig. 4. The lower percentage of heterogeneous tumors in the
very high RE tumors (>500 fmol/mg of protein) than in the
101-200 or 201-500 fmol groups did not attain statistical
significance.

Influence of Clinical Features on Staining Patterns

Patient Age. The staining index was lower in the <50 yr as
compared to the 50-80 yr age group (P < 0.05), and the former
contained more low staining samples than the latter, although
this only approached statistical significance (0.1 > P > 0.05).
The decrease in index and percentage of tumors with low stain
in the very old patients (>80 yr) did not attain statistical
significance.

The percentage of tumors with heterogeneous staining pat
tern did not change with patient age (Table 2).

Histology. There were no differences between ductal and
lobular tumors, whereas the mucoid tumors tended to have
lower staining than either ductal (P < 0.01) or lobular (0.1 > P
> 0.05) tumors, although the very small number of mucoid
tumors in this analysis should be stressed (Table 2). Grade 2
tumors had a higher stain index than Grade 3 tumors (P <
0.01), whereas Grade 1 tumors differed from neither of the
poorer differentiated groups.

Of special interest is the lower staining intensity of normal
breast epithelium (both ductal and lobular) as compared to that
seen in invasive tumors, with adjacent carcinoma in situ exhib
iting intermediate levels (Fig. 5). These data for normal epithe
lium were obtained from tissue adjacent to or interspersed with
the tumor, but the same negative results have been obtained
with normal breast adjacent to fibroadenomas in premenopau-
sal women (data not shown).

Clinical Data

The overall picture on the limited number of patients indi
cates that the histochemical method predicts response to hor
mone therapy in a worthwhile way (Table 3). Of the positive
patients, 50% had either a complete or partial response and
12% failing treatment. The predictive value of RE assays carried
out on the same samples was less precise with 18% failing and
41% responding to treatment. RP assays gave similar results to
those for p29. The histochemical negative patients had a high

Table 2 Effect of age and histological type on staining

No. of
Percentage

Age(yr)<5050-80>80HistologyDuctalGlG2G3TotalLobularMucoidsamples1002741921141137299313Stain

index"5.4

Â±0.5*6.2
Â±0.35.2
Â±1.05.4

Â±I.I6.7
Â±0.4'5.3
Â±0.4'6.4
Â±0.574.9

Â±0.62.0
Â±l.S7Low

index*43e3253*383140363966Heterogeneous36323233303332420

" Mean Â±SE.
* Less than 3.5.
c x2 comparison with 50-80 yr-old group: 0.1 > P > 0.05.
* x2 comparison with 50-80 yr-old group: P > 0.1.
' Student's t test, G2 versus G3, P < 0.01.
1 Ductal versus mucoid, P < 0.01 (Student's I test).
* Age < 50 yr versus 50-80 yr P < 0.05 (Student's t test).

STAIN INDEX

7
6
5
4
3
2
1

0
Normal

Carcinoma
in-situ

121MlJL1371

2 3

Grade Carcinoma

Fig. 5. p29 staining of normal and neoplastic ductal epithelium. Results are
given as mean Â±SE with the number of samples given in each block. For
statistical evaluations, see text.

Table 3 Response to hormone therapy
Comparison of predictive value of histochemical assessment of p29 and bio

chemical assay of RE and RP is shown.

Phenotype0 Assay

No. of patients/total no.

Respond No change Fail
Positive Histochemistry 8/16(50)* 6/16(38) 2/16(12)

[3H]Estradiol 9/22(41) 9/22(41) 4/22(18)
[3H]Progesterone 9/16(56) 6/16(38) 1/16(6)

Intermediate Histochemistry 1/5 (20)
[3H]Estradiol
['HJProgesterone 0/1

Negative Histochemistry 0/6 (0)
['HJEstradiol 0/3 (0)
[3H]Progesterone 0/8 (0)

1/5(20)

0/1

3/5(60)

1/1

2/6(33) 4/6(67)
0/3(0) 3/3(100)
3/8(38) 5/8(63)

Â°Positive: histochemistry index, >6; [3H]estradiol and [3H]progesterone, >19
fmol/mg of protein. Intermediate: histochemistry index, 4-6; [3H]estradiol and
[3H]progesterone, 10-19 fmol/mg of protein. Negative: histochemistry index, <4;
[3H]estradiol and [3H]progesterone, <10 fmol/mg of protein.

* Numbers in parentheses, percentage.

Table 4 Response to hormone therapy according to RE or RP and p29 phenotype

Phenotype
(no. of patients/total no. of patients)"

ResponseNo
changeFailResponseNo

changeFailRE+p29+8/14

(57)*6/14

(43)0/14(0)RP+p29+8/13(61)4/13(31)1/13(8)RE+p29-1/8(13)3/8(37)4/8
(50)RP+p29-1/3(33)2/3

(67)0/3
(0)RE-p29-0/2

(0)0/2
(0)2/2
(100)RP-p29-0/7

(0)1/7(14)6/7

(86)RE-p29+0/10/11/1RP-p29+0/2

(0)2/2(100)0/2

(0)
" Positive: p29 stain index >6; RE, RP >19 fmol/mg of protein. Negative: p29

stain index <6; RE, RP <20 fmol/mg of protein.
* Numbers in parentheses, percentage.

failure rate (67%) and none responded. The three RE-negative
tumors all failed treatment. RP assays gave similar results to
those for p29. The tumors with intermediate staining levels
predominantly (60%) failed treatment. The cut-off values used
here were set to optimize the separation of responders and
failures. In fact, few of the hormone-insensitive tumors were
completely negative for p29.

Some RE-positive tumors contain low or undetectable levels
of p29 (Fig. 4). Such tumors tend to be insensitive to hormone
treatment (Table 4). None of the RE+ p29+ tumors failed to
respond. No obvious pattern is discernible with RP and p29
phenotypes apart from the RPâ€”p29â€”tumors being unrespon

sive in contrast to the good response rate for RP+ p29+ tumors
(Table 4). Of particular interest would be the behavior of the
RE+ RPâ€”samples. Five of the seven tumors on which we have

clinical data were p29 negative and did not respond to treat
ment. The two p29 positive, RE+ RP- samples had stabilized
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disease. We have no clinical data on REâ€”RP+ tumors with

respect to p29.
There are too few tumors with heterogeneous staining pat

terns to warrant comment on their clinical behavior.

DISCUSSION

M, 29,000 phosphoprotein recognized by D5 is clearly related
to RE but in what way is unknown. The two possibilities are
either that it is a previously undetected component of the
estradiol receptor machinery or that it is a product of estrogen
action. The former view is compatible with the purification
method used to generate the antigen and with p29's facility of

interacting with activated RE (1, 4). However, p29 cannot be a
precursor or processed product of the estradiol binding unit of
RE as p29 and RE are translated from separate mRNAs.4 The
p29 could be a non-hormone-binding component of the receptor
mechanism. The existence of such components has gained some
credence from recent work with a M, 90,000 protein associated
with 8S receptors for all steroid classes (12-15) and a A/r
108,000 protein having similarities to the B subunit of chick
oviduct RP ( 16). We feel that comparisons between our antigen
and either the A/r 90,000 or M, 108,000 antigens are unreward
ing, as those antigens are bigger than p29 and are also present
in hormone-insensitive cells.

Our preliminary data do not support the idea that p29 is an
estrogen-induced protein. The p29 content of breast tumors
does not correlate with RP, although p29 is markedly lower in
glandular epithelium of luteal phase endometrium than in pro
liferative endometrium, suggesting an inhibitory effect of pro
gesterone.5 Overall, we feel that the present data are too incom

plete to ascribe a biological function to p29, but both the
qualitative and quantitative relationship to RE and the clinical
results on response to hormone therapy convince us of its
relevance to estrogen action. The histochemical results reported
here support that view; the stain index correlates with RE but
not RP and increases with increasing RE content. The latter
correlation is strongest in the range of 0-100 fmol of RE per
mg of protein which probably reflects the insensitivity of the
histochemical assay at high p29 levels. The same observation
has been made with the histochemical assessment of RE (17).
Clinically, p29 positive tumors show a good response rate to
hormone treatment. Of additional interest are the RE-positive
tumors that have low p29. These tumors were positive when
tested with the Abbott ELISA kit for RE, so they cannot be an
artefact of poor RE assays. It is tempting to speculate that such
tumors have a defect in their estrogen response mechanism.
The very limited data on hormone sensitivity of such tumors
are compatible with that view. Furthermore, we have not yet
seen any such phenotypes in normal endometrial cells (data not
shown). A better comparison would have been between normal
and neoplastic breast, but this has not been possible as we only
rarely see positive staining in normal epithelium and have
insufficient material to perform RE assays. However, the pub
lished biochemical (18, 19) and autoradiographic (20) data on
low RE in normal human breast epithelium are in agreement
with our p29 data.

The positive staining of many REâ€”RP+ tumors is also of
interest as it correlates with the good clinical response of such
tumors to hormone therapy (21, 22) and to the idea that such
samples may have occupied RE (23).

Heterogeneous staining patterns were most common in tu-

' S. Green, P. ChambÃ³n, and R. J. B. King, unpublished observations.
5 M. Padwick el al., manuscript in preparation.

mors with very low RE, but about a third of all tumors exhibited
such a pattern irrespective of RE content. The heterogeneous
nature of human breast tumors has been noted for many features
(24-28) including RE (17, 20, 29-32). Identification of heter
ogeneous tumors by histochemical means may provide addi
tional information of clinical use in deciding types of treatment
to be used with individual patients. The proportion of tumors
with heterogeneous staining pattern was not influenced by
patient age or histological type, whereas young patients (<50
yr) tended to have both a lower mean stain index and a lower
percentage of high staining tumors than the 50-80 yr age group.
This parallels the experience with RE assays (33) as does the
similarity of ductal and lobular tumors in our series (34). A
discrepancy between histochemistry and RE occurs with respect
to histological Grade 1 tumors. While Grade 3 tumors have a
lower stain index than the Grade 2 tumors (which agrees with
the receptor data), Grade 1 tumors have p29 values similar to
Grade 3 samples (which differs from the experience with recep
tors) (35).

Normal breast epithelium (ductal and alveolar) is only rarely
positive and never very strongly staining, whereas the invasive
tumors are often strongly positive. This parallels the pattern
seen with the histochemistry of RE with the Abbott antibody.6

Clearly, there must be an intermediate stage, and our limited
data suggest that carcinoma /// situ might represent such a
stage. The cause of this amplified staining is not known, and it
would be of interest to study the behavior of various hyperplastic
breast epithelia and pure in situ carcinoma.

Despite the somewhat subjective nature of the histochemical
assay, it is reproducible and correlates with p29 content of
cytosols determined by ELISA. Furthermore, there is reasona
ble agreement in most, but not all, multiple assays from the
same patient. Of practical importance is the observation that,
provided an assessable number of tumor cells are present,
analyses on trucut biopsies agree with those obtained on larger
sections. This should facilitate data accumulation on small or
inaccessible tumors or cytological samples.

There appears to be an important clinical correlation with
p29 levels. The low failure and high response rate of p29+
tumors and high failure rate of p29- tumors to hormone

manipulation suggests a clinial role for the assay of this antigen.
The cut-off values used in this study are determined empirically
in order to optimize the distinction between responders and
failures. In fact, none of the hormone-insensitive tumors was
completely negative for p29. A similar point has been made by
Pertschuk et al. (31) for RE histochemistry. They only found
12 completely negative tumors of the 25 that failed treatment.

The clinical results reported here for histochemical assay of
p29 are similar to those reported for histochemical RE assay
(17, 31). Pertschuk et al. (31) found 5 responders and 3 no-
change patients in their 9 positive samples (89%) as compared
with 8 responders and 6 no-change patients of 16 samples
(88%) in our analysis. Like us, they also identified a group of
tumors with intermediate staining levels that exhibited a het
erogeneous response pattern. Their 21 negative samples con
tained one responder compared with 0 of 6 patients in our
series.

In our hands, the histochemical assay of p29 is at least as
good as the RE assay in identifying the responders in the
positive patients. The small number of negative samples makes
comparison difficult. Neither assay detected any responders in
the negative group, whereas histochemistry picked up 2 no-

6 K. S. McCarty, personal communication.
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change patients compared to none in the RE group. Histochem-
istry identifies more negative tumors than the RE assay. Few
of the RE+ p29â€”tumors so identified are hormone responsive

(13%). On the other hand, none of the RE+ p29+ tumors failed
to regress. Of particular interest is the clinical behavior of
RE+RP- and RE-RP+ tumors. We have no clinical data for

the latter phenotype, and the results on the former are too
sparse to warrant comment. The biochemical data clearly show
no relationship between p29 and RP (Fig. 3; Ref. 2), whereas
the clinical results indicate some similarity in the predictive
value of the two analyses. However, given the limited amount
of clinical data it is not possible to say if the histochemical
assay of p29 is an alternative to RE and RP or whether it
simply provides additional clinical information.

Thus far, we have no clinical data on the responses of heter-
ogeneously staining tumors. Such data will be awaited with
interest as they may provide evidence as to whether such tumors
behave differently to the more homogeneous tumors. The pos
sibility exists that grossly heterogeneous tumors would be better
treated with combined hormone and chemotherapy.
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