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The bistological ballmarks for the diagnosis of
medullary breast cancer are circumscription,
syncytial architecture, diffuse inflammatory in-
Sfiltrate, and bigbly atypical nuclei. The biological
and prognostic implication is a lower propensity
to metastasize. We studied 19 medullary carcino-
mas for expression of the intercellular adbesion
molecule-1 and lympbocyte-function-associated
antigen-1, Neu differentiation factor, tumor ne-
crosis factor-a, and the expression of HER-2/
neu, HER-4, and HER-3 receptors. Our study re-
vealed that all of the 19 medullary carcinomas
expressed the intercellular adbesion molecule-1
and lympbocyte function associated antigen.
Eigbteen of 19 cancers expressed Neu differen-
tiation factor and tumor necrosis factor-o. All
medullary cancers expressed the HER-2/neu re-
ceptor, bowever, in the majority of the cases, the
staining was confined to the cytoplasm. Only 4 of
12 cancers expressed HER-4 and none of the eight
medullary cancers tested expressed HER-3. By
comparison, in a control group of infiltrating
ductal carcinomas, expression of intercellular
adbesion molecule-1, lympbocyte function asso-
ciated antigen-1, and Neu differentiation factor
was positive in about 25 to 30% of the cases,
HER-4 was expressed in 75% and HER-3 in 95% of
the cases. Taken together, our observations sug-

gestthat the expression of intercellular adbesion
molecule-1, lympbocyte function associated anti-
gen, Neu differentiation factor, and tumor necro-
sis factor-a as factors that may affect the special
morpbology and the biological bebavior that
characterizes medullary carcinomas. (Am J
Patbol 1994, 145:1337-1348)

Medullary carcinoma of the breast is considered a
distinctive subtype with a relatively good prognosis.
It is characterized by large cells, syncytial architec-
ture, and infiltration by benign lymphocytes and
plasma cells.' Patients with this type of breast car-
cinoma seem to have a better prognosis than those
with the other histological subtypes.52 It is believed
that the better outcome is due at least in part to the
presence of the lymphocytic infiltration that is closely
associated with the tumor.23 In this study, we tried to
correlate the morphology and clinical behavior of
medullary carcinomas with molecular markers that
may affect the biological behavior of these cancers.
Adhesion molecules participate in the many stages
of immune response. T cell immune recognition re-
quires the contribution of the T cell receptor, as well
as adhesion receptors, which promote attachment of
T cells to antigen-presenting cells and transduce
regulatory signals for T cell activation.®1°
Intercellular adhesion molecule-1 (ICAM-1) is a
90-kd integral membrane glycoprotein whose extra-
cellular region is divided into five immunoglobulin-like
domains that are followed by a transmembrane re-
gion and a short cytoplasmic tail.'®'" ICAM-1 plays
an important role in inflammation as well as in malig-
nant diseases. Cytolytic conjugate formation be-
tween cytotoxic T lymphocytes and target cells, such
as endothelial and epithelial cells, occurs between
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the ICAM-1 molecule and the integrin lymphocyte-
function-associated antigen (LFA-1).%-'" The release
of certain cytokines, such as +y-interferon, interleukin
1, and tumor necrosis factor (TNF-a) at sites of in-
flammation and immune response causes cell acti-
vation and results in elevated expression of ICAM-1
on the cell surface.'?-'4 However, the molecule is not
restricted to hematopoietic cells; it is also expressed
on endothelial cells, dermal fibroblasts, melanomas,
and certain types of carcinomas. 516

The HER-2/neu proto-oncogene (also called
erbB-2) encodes a transmembrane tyrosine kinase
that is structurally homologous to the receptor for epi-
dermal growth factor.’”-'® Amplification and overex-
pression of the gene have been detected at a high
frequency in human adenocarcinomas from several
tissues. Moreover, overexpression of HER-2/neu ap-
pears to be associated with poor prognosis in breast
cancer patients,20-25

A factor that can stimulate tyrosine phosphoryla-
tion of the HER-2/neu receptor was detected in con-
ditoned medium of ras-transformed rat fibro-
blasts.262?” Complete purification showed that the
activity corresponded to a heat-stable 44-kd glyco-
protein that stimulated tyrosine phosphorylation of the
HER-2/neu receptor in mammary cells. Native and re-
combinant forms of the rat protein were found to in-
hibit growth and induce mature phenotype with syn-
cytial morphology in certain breast cancer cell lines
(AU-565 and MDA-MB-453).282° On the basis of
these findings, the active molecule was named Neu
differentiation factor (NDF). The human homolog of
NDF was termed heregulin, and the recombinant ver-
sion of it was found to be mitogenic to the breast can-
cer cell line SKBR-3.3° Concomitant with the morpho-
logical changes, NDF elevates the expression of
ICAM-1 at both the protein and mRNA levels, down-
regulates HER-2/neu transcription, and changes the
subcellular localization of HER-2/neu receptor from
the membrane to being diffuse cytoplasmic.2® How-
ever, the interpretation of these results as an indica-
tion for NDF and HER-2/neu receptor interaction is
complicated by the occurrence of heterodimers of
HER-2/neu and other receptors.3':32 Several lines of
evidence raised the possibility that the interaction be-
tween NDF and HER-2/neu involves one of the other
receptors.3® NDF has been shown to be a specific
ligand to HER-43435% and induces cells that express
HER-4 and HER-2/neu (MDA-MB-453) to acquire a
mature phenotype.3¢ NDF has been shown to also
bind to HER-3.37 Most likely, heterodimer formation
between HER-2/neu and HER-4 or HER-3 receptors is

the mechanism that allows NDF to induce its biologi-
cal effect on the HER-2/neu receptor.35-37

Because medullary carcinomas exhibit many of the
phenotypic changes associated with NDF treatment,
we examined the expression of ICAM-1, HER-2/neu,
HER-4, HER-3, NDF, and TNF-« in 19 medullary car-
cinomas. We also tested the cancers for the expres-
sion of estrogen and progesterone receptors, their
proliferation index, and their DNA ploidy distribution.
Seventy-seven infiltrating ductal carcinomas pro-
vided a control group for the expression of some of
these markers. Here we provide evidence that
ICAM-1 and LFA-1 were expressed in all 19 medullary
carcinomas. HER-2/neu expression has been de-
tected in 18 of 19 medullary carcinomas. Only 4 of 13
cancers tested expressed HER-4. None of 8 medul-
lary carcinomas tested expressed HER-3.

TNF-a transcripts were detected in 8 of 14 med-
ullary carcinomas tested by the polymerase chain re-
action (PCR), and 18 of 19 stained positive with an
antibody to TNF-a. NDF transcripts were detectable
in 13 of 19 medullary cancers by PCR, and NDF pro-
tein was detected in 18 of 19 of the medullary cancers
stained for NDF.

Our data suggest that the in vivo effect of these
factors may be relevant to the biological and mor-
phological features of medullary carcinomas.

Materials and Methods
Clinical Cases of Medullary Carcinomas

This study included pure medullary carcinomas as
well as cases accepted as medullary variant, in which
one or more features that are not present in com-
pletely pure medullary carcinomas were present. The
rules and indications of Ridolfi® were used for the di-
agnosis of medullary carcinoma. Although the ma-
jority of the cases were pure medullary carcinomas
with perhaps a small focus of invasion at the edge, a
few of the cases had areas of tumor cell clumps that
might stretch the rule specifying that 75% of the tumor
be syncytial. Two of the tumors had an in situ com-
ponent adjacent to the tumor, which may or may not
exempt these cases from being regarded as pure
medullary carcinomas. Cancers that had glandular
formation in more than 50% of the area of the tumor
with cell arrangements were diagnosed as ductal car-
cinoma no special type and were exempted from the
study. Seventy-seven infiltrating ductal carcinomas
served as controls.

The medullary carcinomas were obtained from
three different laboratories and classified by different



pathologists. All of these cancers were reexamined
by one of us. The control infiltrating ductal carcinomas
were obtained from one laboratory and classified by
three different pathologists for consensus.

Immunohistochemical Staining

Paraffin blocks were sectioned into 5-p slices and
mounted onto poly-L-lysine-coated slides in a flota-
tion bath containing no gelatin. The sections were
dried in a 58 to 60 C incubator for 1 hour, then depar-
affinized and hydrated with distilled water.

The following primary antibodies were used: a
monoclonal antibody to the HER-2/neu protein, N24
(Weizmann Institute, Rehovot, Israel);*® a monoclonal
antibody to ICAM-1 (Becton Dickinson, San Jose,
CA); a monoclonal antibody to proliferating cell
nuclear antigen (PCNA; proliferation staining kit I
from Becton Dickinson, Cell Analysis Systems (CAS),
Elmhurst, IL); two polyclonal antibodies to the human
NDF (Weizmann Institute); a polyclonal antibody to
human TNF-« (Endogen, Inc., Boston, MA); a mono-
clonal antibody to LFA-1a (Becton Dickinson, San
Jose, CA); monoclonal antibodies to T cell-helper
CD4 and T-cell suppressor CD8 (Dako Corp., Car-
penteria, CA).

Secondary antibodies used were biotinylated rab-
bit anti-mouse 1gG-2B for ICAM-1 (Zymed Labora-
tories, San Francisco, CA), biotinylated rabbit anti-
mouse IgG-2A for LFA-1a (Zymed), biotinylated goat
anti-rabbit IgG for NDF and TNF-a (Jackson Labora-
tories, West Grove, PA), biotinylated goat anti-mouse
for HER-2/neu, (Jackson), and peroxidase-conju-
gated rabbit anti-mouse 1gG for the PCNA (Becton
Dickinson, Elmhurst, IL).

The labeling antibody used for all the markers ex-
cept for PCNA was streptavidin-conjugated alkaline
phosphatase (Jackson). Diaminobenzidine was the
chromogen used for the PCNA assay. All other mark-
ers used the alkaline phosphatase chromogen CAS
red (Cell Analysis Systems). The PCNA assay was
counterstained with ethyl green and CAS DNA stain
(both from Cell Analysis Systems) was the counter-
stain used for the alkaline phosphatase markers.
Breast cancer sections stained by the same proce-
dures using an unrelated antibody (mouse IgG) were
used as negative controls. For staining specificity AU-
565 and MCF-7 breast cancer cell lines were used as
positive and negative controls for ICAM-1 expression
and HER-2/neu. We also used as controls positive
and negative breast cancer tissues that were known
to express or not express these antigens.
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DNA

Hydrated paraffin sections were stained for DNA ac-
cording to the instructions of the CAS DNA stain kit as
previously described.3:4°

PCR

Two 50-p sections (in duplicate) for each medullary
carcinoma were deparaffinized for 5 minutes (two
times) in xylene followed by removal of xylene with
washes in 100% and 95% ethanol, each for 5 minutes.
The sections were then placed in 2X RNA lysis buffer
(ABI, Foster City, CA) and placed on ice for 5 minutes.
An equal volume of RNA dilution buffer (ABI) and 500
Hg of proteinase K were added. The sections were
then capped with mineral oil, placed at 37 C, and
digested for 5 days. RNA was extracted by an acid
phenol method and converted to cDNA with random
priming and reverse transcriptase. A portion of the
cDNA was used to amplify a portion of the B-2-
microglobulin cDNA as a control*! to determine the
viability of the cDNA. Only those samples that dem-
onstrated the B-2-microglobulin PCR product were
considered for PCR amplification of NDF, HER-4,
HER-3, or TNF-a. NDF primers corresponding to bp
257 to 281 and bp 570 to 589 of the sequence of
human heregulin-a,3°42 TNF-a primers (Clontech
Laboratories, Palo Alto, CA), HER-4 primers corre-
sponding to bp 2310 to 233342 and 2811 to 2835,%5
and HER-3 primers corresponding to bp 1650to 1661
and 1845 to 1828, all of which are specific for cDNA,
were used for 30 to 35 cycles of amplification. MDA-
MB231 cells and MDA-MB-453 cells were used as
positive controls for expression of NDF3°42 and
HER-4 or HER-33543 respectively. A positive control
for TNF-a was supplied by Clontech.

Quantitative Analysis
DNA Quantitation

Quantitation of DNA relies on the Feulgen staining
reaction to specifically and quantitatively stain DNA.
Hydrochloric acid hydrolyzes the ribose-purine
bonds in the DNA to give sugar aldehyde residues.
The dye then couples via a Schiff reaction to the sugar
aldehyde to give a blue color. This staining reaction
is stoichiometric to the amount of DNA present in a
cell. The DNA was quantitated on tissue sections with
the CAS 200 image analysis system (Becton Dickin-
son, Cellular Imaging Systems, Elmhurst, IL) as pre-
viously described.#4 For DNA analysis on tissue sec-
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tions 100 tumor nuclei were analyzed and compared
with control cells that had been predeposited on the
same slide. The interactive nature of an imaging sys-
tem enables the pathologist to accept and reject cells
for DNA quantitation according to cell morphology.
Thus, the DNA content can be determined for the nu-
clei of tumor cells only.

Quantitation of Immunohistochemical
Staining

To gquantitate the immunohistochemical staining of a
nuclear antigens such as PCNA, which stains only
proliferating cells that synthesize DNA,%546 g
microscope-based, two-color system, with two solid
state image sensing channels is used. The image
channels are specifically matched to two-component
immunohistochemical staining to specifically en-
hance the image of one stain in each channel. One
channel is used to identify all components in the tis-
sue counterstained with ethyl green (ie, all of the
nuclear components) and the other channel is used
to identify the proportion of nuclear components in
which specific nuclear proteins (antigens) are stained
immunohistochemically. This imaging technique has
been referred to as nuclear masking.*” The spectra
for the stains have been matched to the imaging filters
so that the mask image of one channel is essentially
transparent to the other channel. For each breast can-
cer specimen a minimum of five fields (x40 magnifi-
cation) of tumor epithelium were randomly measured.
The use of an interactive command for each field
makes it possible to select cancer cells for the de-
termination of the proportion of labeled nuclei and
exclude any other areas containing normal tissue or
inflammatory components. The report for the percent
positive stained nuclei for PCNA consists of the pro-
portion of the positively stained area in the total
nuclear area.

In the quantitation of the HER-2/neu, NDF, and
TNF-a protein, both solid state imaging channels are
used.*® One channel quantitates the DNA content of
the field after Feulgen staining, and the second chan-
nel quantitates the total amount of HER-2/neu, NDF, or
TNF-a antigen in the field as revealed by immuno-
staining. Because the total amount of DNA per cell is
known (by previous DNA quantitation), the number of
cells in the field is estimated and used to derive the
average HER-2/neu, NDF, or TNF-a protein in cancer
cells. Cells with known levels of HER-2/neu protein
(AU-565 cells) were used for calibration of the image
analysis system. The amount of HER-2/neu protein in
AU-565 cells was independently determined by using

enzyme immunoassay (ELISA) (human neu quantita-
tive ELISA, Oncogene Science, Uniondale, NY) and
was performed on 1 X 108 cells by the double mono-
clonal antibody to HER-2/neu protein capture assay.
Calibration of the ELISA reader was based on the ab-
sorbance of purified neu proteins P185 and P105 (neu
protein extracellular domain). The ELISA results indi-
cated that AU-565 cells contain 1 pg of protein per
cell and overexpress HER-2/neu (4 X 10° HER-2/neu
receptors per cell). These cells were used to calibrate
the HER-2/neu protein assay. Their level of staining
was defined as 100% of HER-2/neu protein content;
all other measurements of HER-2/neu antigen are re-
lated to this value. Normal expression of HER-2/neu
was determined by measuring HER-2/neu protein on
residual normal tissue or on cell lines that express
normal amounts of HER-2/neu (MCF-7 cells).*® 0.15
pg/cell was estimated as a cutoff point for overex-
pression. Breast cancer cells containing more than
0.15 pg/cell of HER-2/neu protein were considered to
overexpress the HER-2/neu. Arbitrary units were used
to quantitate the relative levels for the NDF and TNF-a.

Results

We studied the expression of several ICAM growth
factors, and oncogene receptors on 19 medullary car-
cinomas and 77 infiltrating ductal carcinomas. We
found that all 19 breast carcinomas, two of which are
represented in Figure 1, that were diagnosed as med-
ullary carcinomas, expressed ICAM-1 and LFA-1 as
demonstrated by immunohistochemical staining
(Table 1; Figure 2A-C). These 19 cancers also ex-
pressed the receptor for the HER-2/neu oncogene, 13
of them showing high levels of staining for HER-2/neu
receptor (Figure 2D; Table 1) as measured by image
analysis techniques. However, staining for the recep-
tor revealed that in most cases the receptor localiza-
tion was mainly diffuse cytoplasmic. Seventy-seven
cases of infiltrating ductal carcinomas, which acted
as controls, were divided according to their expres-
sion of HER-2/neu (Table 2). Fifty-two of the infiltrating
no special type ductal carcinomas were negative for
HER-2/neu overexpression. Of these 52 cancers, only
14 expressed ICAM-1. Twenty-five no special type
cancers were positive for HER-2/neu overexpression,
and only three of these cancers expressed ICAM-1.
The high level of HER-2/neu staining was evident on
the membrane in these 25 tumors.

All of the medullary carcinoma cases exhibited a
very high percentage of proliferating cells as de-
picted by staining for PCNA, which recognizes pro-
liferating cells only*5-4€ (Tables 1 and 2; Figure 2E). In
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Figure 1. Hematoxylin and eosin staining of paraffin sections (A and B) of medullary carcinoma depicting syncytial architecture, diffuse inflam-
matory infiltrating lymphocytes, and bighly atypical nuclei (X 400).

Table 1. Biological, Clinical, and Histological Profile of the Medullary Carcinomas
Diffuse
cytoplasmic Lymph ER/ PCR PCR PCR
Tissue* HER-2/neu ICAM-1 LFA-1 N Outcome PRt DNA  PCNA CD4 NDF NDF TNF-a TNF-a HER-4
362 AM 0.30 + + (0/11) - 116 2403 + 1.21 0.18
1109 MF 0.24 + + (0/28) free-alive - 1.23 58.25 + 0.15 - + 047 -
1787 MF 0.06 + +  (1/23) expired 1.8 55.72 050 + + 034 -
1591 AM 0.15 + + (0/11)  free-alive 1.81 58.25 + 0.18 - + 025 -
1518 MF 0.19 + + (0/11)  unknown 1.63 4598 + 0.15 + 0.18 -
membrane staining
1888 M 0.18 + +  (0/11) free-alive 1.56 10.36 + 03 + -
3617 + 0.20 + + 0.95/1.91 225 + -
DCIS AM
5448 AM 0.68 + + - 096/1.59 487 + 033 + 026 -
2554B AM 0.21 + + 1.011.6 747 + 034 + 0.17
4001A M 0.13 + + 1.6 313 + 050 + 0.14
6262M 0.37 + + 1.35 169 + 072 - + 0.44
2900A AM 0.30 + + - 10714 380 + 029 + + 017 -
10485 (3A) 0.13 + + 1/23 alive-not - 1.01/1.75 274 + 0.12 - + 034 +
MF free
24209 (B) 0.14 + + Biopsy free-alive mns 73.4 051 + - +
MF
24368Q MF 0.10 + + 2/22 free-alive - 227 792 + 0.15 + - 026 +
10485 (3B) 0.12 + + 1/23  alive-not - 1.01/1.75 468 + 0.09 + - 046 -
MF free
24209 (D) 0.15 + + Biopsy free-alive - 1/1.7 659 + 0.61 - - 033 -
MF
21641 (E) 0.19 + + 1M alive-not 11.3 <1 035 + - -
AM free
21641 AM 0.19 + + 1711 alive-not 11.3 <1 0.20
free
12448 M 0.17 + + 1.01/1.5 569 + 034 + + 0.21 -
4948 M 0.27 + + alive - 201 26 + 034 - - 0.1 -
478 M 0.1 + + 0/11 alive - 169 25 + 0.04 + + 0.3 +

* Histologic classification: M, medullary; AM, atypical medullary;

T Estrogen receptor/progesterone receptor.

most cases, more than 20% of the cells stained posi-
tive for the nuclear antigen, with an average prolif-
eration of 45%. The average proliferation in the infil-
trating carcinomas was 16% (Table 2).

Expression of NDF was analyzed by staining with
two polyclonal antibodies that recognize a 15-amino-
acid portion of the epidermal growth factor-like do-
main of human NDF. The expression of NDF was also
analyzed in 19 medullary carcinomas by using PCR.

MF, medullary features.

RNA was extracted from the specimens and con-
verted to cDNA by random priming. A thermostable
DNA polymerase and two pairs of primers were used
to amplify a 336-bp DNA segment of the NDF tran-
script or B-2-microglobulin as a control (see Materials
and Methods). Detectable amplified NDF cDNA was
foundin 13 of the 19 specimens (68%) (Figure 3A). As
a comparison, of the 77 infiltrating carcinomas, only
25% were positive for NDF expression by PCR. Stain-
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ing of the medullary carcinomas with the two anti-
bodies to NDF revealed that the cells of these cancers
also expressed high levels of staining with the poly-
clonal antibodies to NDF (Figure 3B) as 18 of 19 can-
cers (95%) were positive for NDF staining. In the con-
trol group, only approximately 25% of the cases
stained positive for NDF.

Expression of TNF, which also induces ICAM-1,3
was tested by PCR in 14 medullary cancers. Eight of
these cancers were positive for expression of TNF-a
(Table 1; Figure 3C). The use of an antibody to TNF-a

Figure 2. Frozen (A) and paraffin (B-D) sections of medullary carci-
noma stained with antibodies to ICAM-1 (A and B), LFA-1 (C), or
HER-2/neu (D) by the streptavidin alkaline phosphatase technique
(red stain) and counterstained by the Feulgen method (blue stain)
(X400). (E), Immunohistochemical detection of PCNA in a paraffin

section of medullary carcinoma by the peroxidase anti-peroxidase
technique. Staining reveals that a bigh percentage of nuclei are prolif-
erating (X 400).

on 14 cases showed that TNF was expressed in all
medullary carcinomas tested. Expression of HER-4
and HER-3 were also tested by the PCR technique.
HER-4 is coexpressed with HER-2 in most breast can-
cer cell lines.3* Testing of 16 medullary carcinomas
that expressed ICAM-1 and HER-2/neu and were ei-
ther positive or negative for NDF by PCR revealed that
12 of them lacked the HER-4 receptor (Table 1). By
comparison, 75% of the infiltrating ductal carcinomas
expressed HER-4. Testing of eight medullary carci-
nomas for HER-3, which is expressed in most breast



Table 2. Expression of ICAM-1 and Proliferation Index
in Infiltrating and Intraductal Carcinoma
Compared with Medullary Carcinomas

No. of
cases
No. positive % prolif-
of for erating
Proliferating cases |ICAM-1 cells
Infiltrating ductal carcinomas 52 14 16
negative for HER-2/neu
overexpression
Infiltrating ductal carcinomas 25 3 21
positive for HER-2/neu
overexpression
Medullary carcinoma 19 19 45

cancer cell lines,*® revealed that none of them ex-
pressed HER-3, whereas 95% of the control group
was positive for HER-3 expression.

ICAM-1 is associated with the inflammatory reac-
tion. Indeed, medullary carcinomas exhibit high lev-
els of infiltrating lymphocytes, of which the majority
have been shown in the past to be of T cell origin.23
Therefore, we stained the tissue cancers for T lym-
phocyte markers such as CD4 and CD8. The majority
of lymphocytes stained positive for CD4 (helper T lym-
phocytes; Figure 4A) but were negative for CD8 (sup-
pressor T cells; Figure 4B).

Testing the DNA ploidy value of medullary cancer
cells revealed that the large abnormal nuclei asso-
ciated with medullary carcinoma (Figure 4C) were
aneuploid and in some cases polyploid, which con-
tained diploid and aneuploid stem lines (Table 1). The
52 cases of HER-2/neu-negative infiltrating ductal
carcinomas showed DNA indices ranging from eu-
ploid to aneuploid, whereas the 25 cases of HER-2/
neu overexpressing cancers had a polyploid DNA in-
dex with a main DNA peak of tetraploid (data not
shown), confirming our previous results.*°

Ten of the medullary cancers were tested for es-
trogen and progesterone receptors and exhibited
negative staining (Table I). Again, in the control group,
approximately 45% of the cases expressed estrogen
and progesterone receptors.

Discussion

Medullary carcinoma of the breast is a form of infil-
trating carcinoma characterized by sheets of large
neoplastic cells that are associated with an intense
lymphocytic infiltrate. Patients with this form of breast
carcinoma have a better prognosis than do those with
other types of mammary carcinoma. This better out-
come has been attributed to the host’s reaction to the
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tumor, which is evidenced by an intense inflammatory
response (as well as the lack of stromal infiltration).
Similarly, favorable prognoses are seen in other neo-
plasms that contain lymphocytes as a prominent his-
tological feature, such as seminoma, gastric carci-
noma, and cervical cancers.? Here we provide
evidence that the adhesion molecules, namely
ICAM-1 and its ligand LFA-1, which play a role in im-
mune response, are present in medullary carcino-
mas.

Presumably, expression of ICAM-1 is associated
with a restriction of the ability of a tumor to metastasize
outside of the lymph nodes to other distant sites and
may thus behave as a protecting factor. The mecha-
nism of protection could involve recruitment of cyto-
toxic T cells and macrophages. Such a mechanism
was demonstrated with IFN-vy-treated ovarian cancer
cells that lost their resistance to lymphokine-activated
killer cell cytotoxicity as a result of induction of ex-
pression of ICAM-1.4° A similar phenomenon has
been reported in which ICAM-1-negative melanoma
cells that were resistant to T-cell-mediated cellular ly-
sis became sensitive after induction of ICAM-1 by
TNF-a.'® Sensitization of neuroblastoma to natural
killer cells after induction of ICAM-1 by y-interferon
was also reported.' Another mechanism, which
could be involved in the protection effect, is that in
medullary carcinomas, HER-2/neu receptors are ex-
pressed in the cytoplasm and not on the membrane.
The exact role of the cytoplasmic HER-2/neu protein
(or a component of the protein) is not clear. Subcel-
lular translocation of the HER-2/neu receptor from the
membrane to the cytoplasm is associated with ter-
minal differentiation in some breast cancer cell lines
overexpressing HER-2/neu.28:29:50.51 Nesland et al®?
examined the localization of the HER-2/neu protein by
means of immunoelectron microscopy and showed
the presence of the HER-2/neu protein on the cell
membrane, as well as in the cytoplasm, and in the
rough endoplasmic reticulum in human cancer cells
that overexpress HER-2/neu. One possible explana-
tion for the differentiation effect of the cytoplasmic
protein is that the induction of receptor endocytosis
decreases the overall enzymatic activity of the con-
stitutively active HER-2/neu kinase when the receptor
is overexpressed on the membrane.?” Downregula-
tion and translocation of HER-2/neu receptor were
shown to reduce the rate of cellular proliferation and
tumorigenicity in several cellular systems,5°:53
whereas its overexpression on the cell membrane in-
duces resistance to TNF-a and to cytotoxic macro-
phages.54
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Interestingly, TNF-a has also been shown to down-
regulate HER-2/neu in breast and pancreatic tumor
cells overexpressing HER-2/neu and upregulate
P55TNF receptor53:55-56 gs well as induce ICAM-1 ex-
pression in other cell lines.'? Independent of the ex-
act mechanism, the presence of ICAM-1 on tumor
cells exposes the tumor cells to infiltrating lympho-
cytes, which often surround ICAM-1-positive tumor
cells in medullary carcinomas. In the past, we have
shown that NDF (also known as heregulin) induced
some breast cancer cells that overexpress HER-2/
neu to acquire a mature phenotype (characterized by
large nuclei, flat morphology, and formation of
syncytial-like cells) as well as to upregulate the ex-
pression of ICAM-1. These changes were accompa-
nied by HER-2/neu receptor translocation from the
membrane to the cytoplasm.?8-2° Because medullary
carcinomas expressed some of these acquired phe-
notypes, we asked whether NDF and TNF-a are the

Figure 3. (A), PCR amplification of NDF and B-2-
microglobulin in medullary carcinoma. Ethidium-
bromide-stained acrylamide gel showing the PCR
products obtained after amplification of medullary
carcinoma-derived c¢DNA with primers for B-2-
microglobulin and NDF. A 123-bp ladder is used as a
size marker. Lanes 1 to 5 are representative samples
Sfrom medullary tumors. Lane 6 shows the amplifica-
tion of these two products from cDNA made from
MDA-MB231 cells used as a positive control. Lanes 7
and 8 are the negative cDNA and PCR reactions re-
spectively. The upper and lower arrows show the ex-
pected bands for NDF and B-2-microglobulin, respec-
tively. Immunobistochemical staining of a paraffin
section of a medullary carcinoma with the use of
polyclonal antibodies for NDF (B) or for TNF-a (C) by
the streptavidin alkaline phosphatase technique and
counterstained by the Feulgen method (X 400).

factors that determine the level of expression of
ICAM-1 and are associated with the syncytial mor-
phology and the specific HER-2/neu receptor local-
ization in medullary tumors. Although our limited
analysis of NDF and TNF-a expression in these mam-
mary tumors was consistent with the possibility that
these factors may play a role in the clinical behavior
of these tumors, more extensive analysis will be re-
quired to relate it to histological and clinical aspects
of this disease. Potentially, other polypeptide factors
may also upregulate ICAM-1. In the case of NDF,
IFN-y, and TNF-a, a concomitant downregulation of
surface HER-2/neu receptors and receptor translo-
cation from the membrane to the cytoplasm is ex-
pected.28'27'49'53'55'56

The DNA sequence of the 336-bp PCR product am-
plified with the NDF pair of primers used in our study
indicated that we amplified a region of NDF that has
a high degree of homology to a large family of NDF.



This family includes alternatively spliced neuronal
and mesenchymal growth factors that include NDF/
heregulin, acetylcholine-receptor-induced activity,
and glial growth factors,30:42:55.57-89 gome of which
act as differentiation factors34-36.42.55.57.58 or ag mij-
togenic factors.2°:5° Interestingly, glial growth factor,
which has been shown to be mitogenic to Schwann
cells,®® promotes glial cell differentiation.5® The re-
gion amplified by our assay is not restricted to only
NDF and could include all of these other factors. In
addition to the expected 336-bp product that was am-
plified, we obtained two or three other PCR products
in some tumors. We are currently analyzing these
products to determine whether they are related to the
NDF family.

Recently, NDF/heregulin has been identified as a
specific ligand to another receptor tyrosine kinase,
HER-434-36 (a member of the epidermal growth factor
receptor family), and low affinity ligand to HER-3.37
HER-4 forms heterodimeric complexes with HER-2,
which establishes high affinity sites for NDF.3® How-
ever, our analysis for HER-4 expression revealed that
the majority of the medullary carcinomas in our study
lacked HER-4 expression and none of the medullary
carcinomas tested expressed HER-3, indicating that
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Figure 4. Paraffin section of medullary carcinoma stained with anti-
body to T helper CD4 (A) and antibody to T suppressor CD8 (B) fol-
lowed by the streptavidin alkaline phosphatase technique and coun-
terstained by the Feulgen method (X 400). Notice the positive stain for
the T helper cells and lack of staining for the T suppressor cells. (C),
Breast cancer cells derived from a frozen section touch imprint of
medullary cancer and stained for DNA quantitation by Feulgen
method. Notice the highly atypical nuclei (X400).

in medullary carcinoma, another receptor for NDF
may be involved. Most likely the heterodimeric com-
plexes formed between the different members of the
erbB family, which includes at least four members
(epidermal growth factor receptor, HER-2/neu,
HER-3, and HER-4) and their ligands are responsible
for the biological behavior of breast cancers. Inas-
much as 95% of infiltrating ductal carcinomas ex-
press HER-3, the lack of HER-3 in medullary carci-
nomas may serve as a molecular marker for these
cancers. Finally, the presence of ICAM-1 and LFA-1
in medullary carcinomas may explain the extensive
immunological response in these cancers and may
explain the restrictive ability of these tumors to invade
and metastasize. Thus, ICAM-1 and LFA-1 may be-
have as protective factors in these cancers.
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