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Vimentin expression, growth fractions (GF), and
estrogen receptor (ER) levels were determinedfor
90 untreated primary breast carcinomas. Coex-
pression ofkeratin and vimentin wasfound in ap-
proximately 20% ofthe tumors regardless ofmeno-
pausal status. Vimentin was expressed preferen-
tially in tumor cells of high-grade ductal breast
carcinomas (15 of28 histologic grade 3 vs. 0 of40
grades I and 2). Vimentin expression was found
preferentially in tumors with high GF (> 15% Ki-67
positive by immunoperoxidase staining) and low
ER levels (<60fmols/mgprotein by a monoclonal
enzyme immunoassay). Sixty-eight percent of tu-
mors in this group were vimentin positive and 88%
of all vimentin-positive tumors fell into this cate-
gory. More than 50% ofthe tumor cells coexpressed
vimentin and keratin. Thus, vimentin expression
may be helpful in identifying a substantial subset
of ER-independent breast carcinomas with poor
prognostic indicators. (Am J Pathol 1990, 136:
219-227)

The coexpression of vimentin and keratin in tumor cells of
human breast carcinomas has been described in both
histologic biopsies13 and cytologic aspirates.4 In these
studies, the percentage of carcinomas showing vimentin
expression ranged from 12%1 to 60%.3 The biologic and
clinical significances of this phenomenon are not under-
stood. Vimentin expression has been found in some es-
trogen-independent breast cancer cell lines,5 and a posi-
tive correlation between vimentin and estrogen receptor
(ER) negative, epidermal growth factor receptor (EGFR)
positive human breast carcinomas has been reported.2

Experimental evidence further suggests that, at least in
certain cell lines in culture, vimentin mRNA levels are
growth regulated.6e In the past, several studies have pro-
vided evidence for an inverse correlation between ER sta-
tus and the proliferative activity of breast carcinomas,9`14
although exceptions also have been noted.15 Proliferative
activity usually is measured either by determining the thy-
midine labeling index (TLI) or the growth fraction (GF) with
antibodies to the proliferation-associated nuclear antigen
Ki-67.167

Both ER status and proliferative rate are regarded as
important determinants of the pathologic features13 and
clinical behavior12 of breast carcinomas and thus seem to
have prognostic value in predicting recurrence-free sur-
vival. It therefore seemed worthwhile to test whether there
was a correlation between vimentin, ER levels, and Ki-67
growth fraction in human breast carcinomas.

Materials and Methods

Specimens

Ninety consecutive and unselected patients with primary
breast cancer previously untreated underwent radical
mastectomy with lymph node dissection. Aspiration bi-
opsy was performed on mastectomy specimens. Sam-
ples for Ki-67 and vimentin expression were obtained by
aspiration biopsy of those portions of breast carcinomas
that were subsequently excised and sent for ER mono-
clonal enzyme immunoassay (EIA). Fine-needle aspiration
was performed by a trained cytologist as described by
Koss, Woyke, and Olsewski.18 The needle (22-gauge, 0.6
mm in diameter) was fitted to a 20-ml disposable syringe
mounted in a syringe holder that facilitated easy aspiration
of cellular material from different portions of the tumor by
changing the direction of the needle during aspiration.
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Table 1. Vimentin Expression in Breast Carcinomas
ofDifferent Histologic Types

V+
No. of

Histologic type cases >50% <5%

Invasive ductal NOS 68
grade 1 4 0/4 0/4
grade I/ll 2 0/2 0/2
grade 11 34 0/34 2/34
grade III 28 15/28 2/28

Invasive lobular 15 0/15 0/15
Medullary 3 1/3 0/3
Mucinous 1 0/1 0/1
Secretory 1 1/1 0/1
Apocrine 1 0/1 0/1
Male breast 1 0/1 0/1

Total 90 17/90 4/90

NOS, not otherwise specified.

The cellular material was expelled from the needle onto
clean glass slides. Smears were prepared and immedi-
ately frozen on dry ice (for Ki-67) or fixed in 96% ethanol
for 15 to 30 minutes at 4 C (for vimentin and keratin). They
were then stored on dry ice and tested for Ki-67 within 1
week and for vimentin and keratin within 8 weeks. A paral-
lel tissue sample was processed routinely for morphologic
evaluation on paraffin sections. Histologic typing was per-

formed according to the guidelines recommended by the
World Health Organization and histologic grading was ac-

cording to Bloom and Richardson.'9 The histologic diag-
nosis for each tumor is given in Table 1.

Estrogen Receptor

The ER EIA was run as recommended by the manufac-
turer (Abbot Laboratories, Chicago, IL). ER concentra-
tions were expressed in fmol/mg cytosol protein accord-
ing to the routine procedure. They were quantified in the
range of 0 to 500 fmol/ml cytosol.

Immunocytochemistry

For measurement of the GF, smears were removed from
dry ice storage and immediately fixed for five minutes in
acetone at 4 C and then dried for 30 to 60 seconds at
room temperature. Ki-67 (anti-human proliferative cell anti-
body, Dako, Klostrup, Denmark) was applied at a dilution
of 1:50 for 45 minutes followed by a routine peroxidase-
anti-peroxidase (PAP) procedure. Smears were lightly
counterstained with hematoxylin.

Double-label immunofluorescence was performed
with the mouse monoclonal KL1 antibody (a broad-speci-
ficity keratin antibody obtained from Dianova, Hamburg,

FRG), used at a 1+10 dilution, and guinea pig vimentin
antibody. This antibody was affinity purified on vimentin
bound to sepharose 4B and used at a concentration of
approximately 30 Ag/ml. Both first antibodies were ap-
plied simultaneously. After 45 minutes at 37 C, the sam-
ples were washed with phosphate-buffered saline (PBS)
and the two second antibodies were applied simulta-
neously. The second antibodies used were fluorescein
isothiocyanate (FITC)-labeled goat anti-mouse and rho-
damine-labeled goat anti-guinea pig antibodies (Cappell
Laboratories, Cochranville, PA). The second antibodies
were absorbed before use on unlabeled IgGs of the other
species to eliminate unwanted cross-reactions. After an
additional wash with PBS, the smears were counter-
stained with Hoechst 33258 for five minutes at room tem-
perature to facilitate identification of nuclei under the fluo-
rescence microscope and then mounted with no further
wash in Moviol 4-88 (Hoechst, Frankfurt, FRG). Controls
included tests in which a single first antibody was used
together with both second antibodies to check for non-
specific cross-reactions, as well as tests in which the first
antibodies were replaced by buffer on different parts of
the same slide.

Statistical Analysis

Descriptive statistics were used to determine the means
(i) and standard deviation (S). Statistical differences of
ER and Ki-67-GF values between the subgroups of breast
carcinomas were determined by the Kolmogorow-Smir-
noff test. The chi-square test was used to compare vimen-
tin expression in subgroups of breast carcinomas.

Results

In view of the known heterogeneity of morphologic and
immunocytochemical features of tumors one might ex-
pect an uneven distribution of vimentin-positive tumor
cells within tumor tissue. To reduce the sampling error
as much as possible, cellular material for study with the
vimentin and Ki-67 antibodies was obtained by fine-nee-
dle aspiration biopsy taken from multiple sites in the part
of the tumor used subsequently for the ER assay. In this
way, tumor cells studied for the presence of vimentin and
Ki-67 antigen were derived from the part of the tumor ana-
lyzed for ER and the results were more representative
than those that could have been obtained from several
histologic sections taken from the area of the tumor neigh-
boring that sent for ER. We chose to assay ER by EIA
because immunocytochemical assays have shown that
the distribution of ER in tissue is heterogeneous20 and this
could influence the comparative analysis.
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Because we cannot be sure at the less-than-1% level
whether we are dealing exclusively with tumor cells (and
not, for instance, with myoepithelial cells that coexpress
keratin and vimentin), we have considered only tumors in
which >5% of cells express vimentin as vimentin positive.
Using this definition, we find that in our series, 19% of the
tumors coexpress vimentin and keratin. The number of
vimentin-positive breast carcinomas divided according to
histologic type is shown in Table 1. The data demonstrate
a strong inverse correlation between vimentin expression
and histologic grade of the tumor. Vimentin was found
preferentially in grade 3 invasive ductal NOS (not other-
wise specified) carcinomas (15 of 28), whereas none of
the grade 1 ductal NOS (0 of 4) or invasive lobular carcino-
mas (0 of 15) expressed vimentin (Table 1). When lymph
node metastases were considered, 59% (10 of 17) of vi-
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Figure 1. Fine-needle aspirate ofa breast carcinoma that coex-
presses vimentin and keratin. A-C: Tumor cells labeled in dou-
ble immunofluorescence microscopy by antibody to keratin (A)
and antibody to vimentin (B). In this smear almost all carci-
noma cells coexpress keratin and vimentin (X380). C: Phase-
contrast of the cells shown in left side ofFigures 2A and 2B at
higher magniftication (X600).

Ninety breast carcinomas were tested for vimentin and
keratin. In smears examined by immunofluorescence mi-
croscopy, more than 95% of tumor cells from all breast
carcinomas were positive with the broad specificity kera-
tin antibody (KL1). Double immunofluorescence staining
on the same smears with keratin and vimentin antibodies
revealed that in 21 fo 90 (23%) of the breast carcinomas
some tumor cells coexpressed keratin and vimentin,
whereas in the other tumors only keratin expression was
seen in tumor cells. The proportion of tumor cells reveal-
ing a true coexpression of keratin and vimentin, as judged
by double immunofluorescence staining, ranged from
50% to 100% in 17 cases (19%) (Figure 1). In one case,
1% to 5% of the tumor cells showed a true coexpression
and in three additional cases <1% of cells coexpressed
vimentin and keratin. In the remaining 69 cases, tumor
cells expressed only keratin and did not show vimentin
(Figure 2).
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Figure 2. Fine-needle aspirate of a breast carcinoma that
shows no coexpression of keratin and vimentin. A-B: Groups
of cells seen in double immunofluorescence microscopy la-
beled by antibody to keratin (A) and antibody to vimentin (B).
The tumor cells are keratin positive (A) and vimentin negative
(B). The vimentin-positive cells in B include macrophages, lym-
phocytes and connective tissue cells (double immunofluores-
cence staining on the same smear, X240). (C) Phase-contrast
oftumor cells shown in the center ofA. Note two macrophages
(arrow heads) keratin negative (A) vimentin positive (B) with
kidney-shaped nuclei (X600).

. 10
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Figure 3. Fine-needle aspirate ofa breast carcinoma. A group
oftumor cells labeled witb Ki67 antibody. Prominent staining
ofnuclei and nucleoli ispresent in some tumor cells (immuno-
peroxidase, X940).

mentin-positive cancers had metastasized to the regional
lymph nodes vs. 51% (37 of 73) of vimentin-negative can-

cers. A slightly increased number of vimentin-positive tu-
mors was found among breast carcinomas with one

(19%), two or more (23%), and three or more (28%) meta-
static lymph nodes as opposed to those without lymph
node involvement (16%). Vimentin was expressed in tu-
mors as small as 1 cm in diameter. It was present in 19%
(14 of 73) of tumors with diameters of 2 cm and in 17%
(6 of 36) of those 3 cm in diameter. Larger tumors were

underrepresented in this series.
All breast carcinomas also were tested for Ki-67 by

immunocytochemical methods. Ki-67 positivity was re-

stricted to the cell nuclei. Use of the peroxidase technique
and immunofluorescence microscopy showed that Ki-67
often was concentrated in the nuclei and nucleoli (Figure
3), (cf. 21,22) a finding that we also noted when examin-
ing Ki-67-positive cell lines. The exact staining pattern
seen with Ki-67 antibody is cell cycle dependent. The dis-
tribution of positive cells in smears was heterogeneous.
Immunoreactive tumor cells could be distinguished easily
from unreactive tumor cells as well as from lymphocytes
and macrophages. One thousand tumor cells were

counted in each smear, and the result expressed as the
percentage of tumor cells labeled with the Ki-67 antibody.
All tumor cells in which a brownish color, characteristic of
the peroxidase stain, could be detected in nuclei or

nucleoli were scored as positive regardless of staining in-
tensity. The percentage of Ki-67-positive tumor cells var-

ied from 1% to 56% (Figure 4). Other studies have shown
that immunostaining of Ki67 antigen on both histologic
and cytologic material from breast cancer yielded similar
results, although growth fractions were slightly lower in
cytologic specimens.23

ER EIA assay and GF results are summarized in Table
2. Vimentin was expressed in low ER (<60 fmols/mg pro-

tein, x 15.5 ± 14.9) and high GF (>15% Ki-67 positive,
x 32.3 ± 12.3) breast carcinomas, whereas vimentin-neg-
ative breast cancers had high ER levels and low GF. This
trend remained unchanged when premenopausal and
postmenopausal patients were separately analyzed (Ta-
ble 2). Vimentin expression did not correlate with meno-
pausal status (X2 = 0.5). ER levels, GF, and relevant clini-
cal data for 17 vimentin-positive breast carcinomas and
four carcinomas with less than 5% vimentin-positive tu-
mor cells are summarized in Table 3. The results from all
assays are presented in Figure 4, where the percentage
of Ki-67 positive tumor cells in each tumor is plotted
against the estrogen receptor level. Vimentin content is
superimposed on the figure by the use of different sym-
bols indicating 50% to 100%, 0% to 5%, or 0% vimentin
positive tumor cells.

The most striking feature of the data in Figure 4 is the
positive correlation of vimentin positivity (filled squares)
with low ER and high GF. Vimentin is expressed predomi-
nantly in ER-negative (EIA less than 10 fmols/mg protein)
and in low (<60 fmols/mg protein) ER breast cancers that
have high GF. No high ER-positive breast carcinomas (EIA
> 400 fmols/mg cytosol protein) expressed vimentin.
Only one breast carcinoma with an ER level above 60
fmol/mg cytosol protein expressed vimentin in more than
5% of tumor cells.

The cut-off value of 60 fmol/mg cytosol protein was
chosen to divide high and low ER cancers (see Discus-
sion), and 15% Ki-67 positive tumor cells was used to
divide tumors with high and low GF. The average in this
series of 90 cases was 14.3%; the averages were 15.3%
and 16.6% in other series comprising 154 and 160 breast
carcinomas, respectively.1024 Thus, the breast carcino-
mas in Figure 4 can be divided into four groups-Group
A, ER-high, GF-low (52 cases); Group B, ER-low, GF-low
(11 cases); Group C, ER-low, GF-high (22 cases); Group
D, ER-high, GF high (5 cases). Such demarcation is sup-
ported by strong statistically significant differences of ER
and Ki-67 found between group C (which contains almost
all vimentin positive cells) and group A, as well as differ-
ences of ER between groups A and B (Table 4). There
also is a significant correlation between vimentin expres-
sion and ER EIA <60 fmols/mg protein (X2 = 32.9; 15.3
for premenopausal and 21.0 for postmenopausal
groups). A similarly strong correlation was found between
vimentin expression and GF 2 15% (X2 = 37.3; 8.8 for
premenopausal and 25.6 for postmenopausal groups).

Discussion

That tumor cells in breast carcinomas invariably express
keratin has been noted often.2528 In contrast, vimentin
coexpression has been documented only recently.1-4 In
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Figure 4. ER-EIA, GF, and vimentin in breast carcinomas. Open squares: vimentin negative;fiUled squares: vimentin positive (>5%
vimentin-positive tumor cells); open squares with a dot: <5% vimentin positive tumor cells. A, B, C, D denote thefour groups into
which the tumors were divided by ER and GF values (see text).

most studies it is restricted to a minority of cases, whereas
in others no vimentin expression was found.2527 In our

series of breast carcinomas, 19% coexpress vimentin
and keratin. Three other laboratories have reported values
of 12% (5 of 43),7 25% (49 of 196)2 and 60% (38 of 63).3
If cases where less than 10O% of the tumor cells were vi-
mentin positive are excluded from the study by Raymond
and Leong,3 the percentage of vimentin-positive breast

carcinomas is reduced to 16%. Thus, these four studies
are in reasonable agreement even though different fixa-
tion methods were used (alcohol by Azumi and Battifora1
and our study, frozen sections by Catoretti et al,2 and mi-
crowave irradiation by Raymond and Leong3). In our se-

ries of primary tumors obtained before initiation of any ad-
juvant treatment, and in that of Raymond and Leong,3 vi-
mentin seems to be expressed preferentially in high-
grade infiltrating ductal carcinomas and therefore is not
independent of conventional histologic criteria used to
grade breast carcinomas (Table 5). Our data show that
vimentin expression is not an obligatory feature of tumors
with regional lymph node involvement, or of larger, pri-
mary tumors. Data on a large series of Ti NoMo tumors
suggets that vimentin expression is found rarely in early
cases.28

Vimentin and Estrogen Receptor
Table 2. Ki67-GF andER in Vimentin-Positive
and -Negative Breast Carcinomas

ER-EIA
Breast (fmols/mg protein) Ki67-GF (%)

Carcinomas n(%) Mean ± SD Mean ± SD

All 89
V- 73 (92) 305.9 ± 209.6 10.3 ±11.0
V+ 16(18)* 15.5 ± 14.9 32.3 ± 12.3

Premenopausal 28 199.4 ± 196.8 18.6 ± 18.1
V- 22 (79) 250.0 ± 193.2 13.2 ± 15.7
V+ 66(21) 13.7 ± 13.4 38.0 ± 12.8

Postmenopausal 61 281.7 ± 224.1 12.4 ± 11.4
V- 51(84) 331.1 ±213.6 9.1 ± 8.1
V+ 10(16) 16.5 ± 16.5 28.9 ± 11.3

* Case 063 with unusually high ER-EIA (284) is excluded.
ER-EIA, estrogen receptor monoclonal enzyme immunoassay.
GF, growth fraction as measured by percentage of Ki67 positive cells.
SD, standard deviation.

We found that breast carcinomas with high ER values did
not express vimentin. Among low ER breast carcinomas,
one half expressed vimentin (16 of 33) whereas the other
half did not (17 of 33). This correlates with the finding that
only one half of the breast carcinomas found to be estro-
gen negative by an ER immunocytochemical assay (9 of
22) express vimentin.2 Interestingly, estrogen-dependent
(ER-positive) breast carcinoma cell lines (eg, MCF-7) do
not express vimentin, whereas in estrogen-independent
(ER-negative) breast cancer cell lines, some express vi-
mentin and others do not.5

It has been suggested that vimentin expression may

mark the progression from hormone dependence to inde-
pendence in certain human breast cancer cell lines.5 Data
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Table 3. Vimentin-Positive Breast Carcinomas

Age/menop. Histol. Tumor size No. of inv. ER-EIA Ki67-GF
Case status diagnosis (cm) lymph nodes -% V+ fmols/mg %+

014 33/pre* mt 4 3 >70 0.0 31
029 28/pre d3t 1.5 35 .100 6.9 43
031 45/pre d3 3 6 50 37.6 20
074 33/pre d3 2.5 1 100 8.9 56
078 35/pre d3 2.5 0 50 20.6 46
117 39/pre d3 8 0 90 8.6 32
018 62 d3 3 10 50 6.3 22
028 73 d3 3 5 100 11.5 28
055 65 d3 2.5 0 80 8.7 36
062 63 d3 1.0 1 70 9.8 23
063 52 d3 >10 3 100 284.0 35
065 62 d3 4 0 100 21.7 23
070 46 d3 4 0 50 20.3 33
086 69 se§ 3.5 0 70 5.8 25
111 55 d3 2.5 1 90 19.9 14
116 61 d3 2.5 0 70 59.1 29
127 63 d3 - 10 100 1.5 56

025 39/pre d2 7 0 <1 27.4 47
085 45/pre d2 4 0 <5 387.0 3
075 65 d3 4 0 <1 275.5 11
110 66 d3 2.5 1 <1 89.7 18

premenopausal, tmedullary carcinoma, tgrade 3 ductal carcinoma, §secretory carcinoma.
ER-EIA, estrogen receptor monoclonal enzyme immunoassay.
GF, growth factor as measured by percentage of Ki67 positive cells.

on induction of vimentin in other cell lines suggest an in- that vimentin expression is a feature of low ER, high GF
volvement of external influences such as cell density,e breast cancers. Thus, in one study nearly all EGFR-posi-
hormones,29 and TPAe on vimentin expression. Our re- tive breast cancers were ER negative31 and a coordinate
sults show that the proportion of vimentin-positive breast expression of EGFR and vimentin was found on ER-nega-
cancers increases as the ER content decreases. ER-neg- tive (by ERICA) or low ER (by dextran-coated charcoal
ative tumors are not always vimentin positive, however. method [DCC]; x 82 fmols/mg protein for vimentin, and x

Within this context, tumors with vimentin expression in 75 for EGFR) tumors.2 Tumors that express higher
less than 10% of tumor cells (in the study by Raymond amounts of EGFR may have an enhanced proliferation
and Leong3 and this series) are of special interest. Do rate per unit of released growth factor because EGF-re-
these small populations of vimentin-positive tumor cells ceptor complexes that remain on the cell surface are es-

belong to emerging clones of tumor cells that acquire new sential for the generation of a mitotic response. Trans-
characteristics that endow them with a growth advan- forming growth factor-beta (TGF,B), which is produced in
tage? Or are such cells merely local phenomena with no large amounts by some ER-negative, vimentin-positive
major impact on the biology of the tumor? breast carcinoma cell lines, causes a rapid increase in the

number of EGF receptors and in NRK fibroblasts alters
Vimentin, Estrogen Receptor and Growth the down-regulation of EGF receptor in response to the
Fractions ligand.32 Such a mechanism may explain in part the coor-
We found vimentin to be expressed preferentially in ER- dinate expression of vimentin and EGFR in ER-negative
negative and low ER breast carcinomas with high prolifer- tumors2 and vimentin expression in low ER, high GF
ative activity, ie, high GF. Other data indirectly suggest breast cancers in our series.

Table 4. Ki67-GF, ER Levels and Vimentin in Subgroups ofBreast Carcinomas

ER* Ki67-GFt
(fmols/mg protein) (%)

Group Levels n Mean ± SD) Mean ± SD V+

A ER 2 60 & Ki67 < 15 52 411.2 ± 140.3 6.0 ± 4.4 0/52
B ER < 60 & Ki67 < 15 11 10.4 ± 6.2 8.8 ± 3.8 1/11
C ER < 60 & Ki67 . 15 22 18.4 ± 13.2 34.4 ± 11.7 15/22
D ER> 60 & Ki67 2 15 5 229.3 ± 169.0 27.6 ± 7.7 1/5

Differences between groups A and C and A and B are significant (P < 0.001).
t Differences between groups A and C and B and C are significant (P < 0.001).
ER, estrogen receptor. SD, standard deviation.
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Table 5. Vimentin Expression and Histologic Grading
ofInvasive Ductal Breast Carcinomas

11 II

Raymond and Leong3 1/16(6%) 2/23(9%) 5/11(45%)
This study 0/4 (0%) 0/34 (0%) 15/28 (54%)

1, 11, III: Bloom and Richardson histologic grade,"9 with being most and
IlIl the least differentiated.

Number of vimentin-positive cases (>10% vimentin-positive tumor
cells)/number of cases tested.

In some systems vimentin seems to be growth regu-
lated.S5 In rat model systems used to study kidney regen-
eration it has been shown that vimentin is expressed dur-
ing the regrowth phase that accompanies tubule regener-
ation,33 but that expression ceases once the tubular
epithelium is regenerated. Perhaps vimentin coexpres-
sion in carcinomas is indicative of a faulty growth regula-
tion that favors replication of the tumor cells.

Estrogen Receptor and Growth Fraction

Our results are in agreement with an inverse correlation
between GF or TLI and ER level also revealed in other
studies.9-4 We found large differences between the
mean GFs of the low and high ER tumors. Low ER breast
cancers were by no means homogeneous, however.
They belonged to high and low GF subgroups (with vi-
mentin-positive cases found almost exclusively in the high
Ki-67 group) (Table 4). Similarly, Meyer et al13 noted that
although the differences between mean TLIs of the ER-
positive and ER-negative carcinomas were large, some
carcinomas in the ER-negative group had very low TLI
and others in the low ER-positive group (10 to 49 fmols/
mg protein by DCC method) had high TLI. A proportion of
exceptional cases, ie, those with a positive ER status and
a large or moderately large GF, has been noted by oth-
ers10,14 or can be inferred from the analysis of published
data.28 These data from the literature can be used to sup-
port our division of breast cancer into four main sub-
groups with regard to high or low ER and Ki-67 GF. In
analyzing these data, two points have to be kept in mind.
First, the ER status seems to depend on the proliferation
rate, because the prognostic use of ER status appears to
result from its correlation with TLI.12 In addition, MCF-7
breast carcinoma cells that proliferate slowly accumulate
more than twice as much ER activity as those that prolifer-
ate at a faster rate.34 Second, measurement of TLI shows
that higher values are found for recurrent carcinomas than
for primary breast carcinomas.'2

Cut-off Level for High vs. Low ER

Although opinions differ,3536 it seems that for optimal man-
agement of breast cancer it is important not only to distin-

guish between ER-negative and ER-positive tumors, but
also to quantitate the amount of ER in tumor tissue.35 A
level of 5 or 10 fmols/mg protein generally has been used
as the cut-off level, and therefore a significant number of
low ER tumors, which may behave like ER-negative
ones,37,38 will be placed into the ER-positive category (see
Figure 4 in Silvestrini and coworkers14 and Figure 4 in this
article). Indeed, only about 60% of ER-positive breast can-
cers respond to hormone therapy.39 The few discrepan-
cies found in the otherwise excellent correlation of results
of the DCC and ER EIA assays35 showed that 53 fmols/
mg cytosol protein was the highest ER EIA level desig-
nated as ER negative by DCC. Therefore, in our study,
we deliberately chose a higher cut-off value of 60 fmols/
mg for ER, and correlated vimentin and Ki-67 GF using
this value. We also noted that the ER EIA assay is more
sensitive and gives slightly higher absolute values of ER
in the lower range of receptor concentrations.35 Thus, by
adopting the higher cut-off ER value, we can compare our
results more easily with the majority of previous reports
on proliferative activity and ER in breast cancers, which
used the less sensitive DCC method and 10 fmols/mg as
the cut-off level.

Vimentin and Prognosis

Data on vimentin expression in breast carcinomas can be
summarized as follows. Vimentin has been shown to be
preferentially expressed in ER-negative and low ER breast
carcinomas (Catoretti et a12 and this study). It also is corre-
lated with high GF (this study), with EGFR positive breast
carcinomas,2 and with carcinomas with high histologic
grade (Raymond and Leong3 and this paper). Thus, vi-
mentin expression seems to be strongly associated with
poor prognostic indicators in breast carcinomas. (The as-
sociation between high proliferative rate, positive EGFR,
negative ER status, and poor prognosis has been docu-
mented. 912,23,31,40,41 ) Recently, a correlation between vi-
mentin expression and high nuclear grade has been
found in renal cell carcinomas, 2"43 with a particularly unfa-
vorable course for vimentin-positive nuclear grade 3 tu-
mors. Of the breast carcinoma groups defined in Figure
4 and Table 4, Group A (high ER and low GF) would be
expected to have the best prognosis because it is associ-
ated with two good prognostic indicators. Group C (low
ER and high GF) would be expected to have the worst
prognosis because it is associated with at least two unfa-
vorable prognostic indicators. Whether there are biologic
differences between vimentin-positive and vimentin-neg-
ative group C tumors in terms of prognosis and response
to treatment remains to be examined.
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