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ABSTRACT-Study of 14 human infiltrating breast carcinomas
revealed new features that shed light on the pathogenesis of
tumor stroma formation and on host immunologic defense
mechanisms. Fibrin deposits were observed in the stroma of all
tumors, particularly at their growing edge. Fibrin may have
contributed both to tumor angiogenesis and, with organization,
to the formation of the fibrous stroma characteristic of these and
other scirrhous carcinomas. We previously proposed similar
mechanisms for several animal tumors. All breast carcinomas
studied elicited some degree of lymphocytic response at the
tumor periphery; lymphocytes penetrated the fibrous tumor stroma
poorly, did not exit in significant numbers from central tumor
vessels, and, even when greatly outnumbering tumor cells locally,
appeared relatively ineffective at tumor cell killing. Microvascular
endothelial cell damage was frequently observed and may have
been responsible for zones of tumor infarction. Similar observa­
tions have been made in skin allografts and animal tumors where
rejection was effected principally by microvascular damage and
subsequent tissue infarction, not by lymphocyte 'Contact with
individual epithelial target cells.-JNCI 1981; 67:335-345.

cinomas were also surrounded by fibrin deposits; how­
ever, these were considerably smaller than those ob­
served about line 1 tumors, did not become organized,
and remained relatively constant in size and disposition
at the periphery as tumor growth progressed. Line 10
tumors developed little or no fibrous stroma.

Taken as a whole, these results suggested that the
stroma of scirrhous tumors might arise from the
organization of an abundant preexisting fibrin gel, that
is, by a process analogous to wound healing; and that
some of the necrosis commonly observed within many
malignant tumors might result from microvascular
injury that possibly was itself caused by a cellular
immune response. To investigate these possibilities and
to relate our guinea pig findings to human tumors, we
studied a group of surgically excised primary infiltrat­
ing ductal breast carcinomas using the improved mor­
phologic methods that had made possible the new
findings in line 1 and 10 guinea pig tumors. Portions
of this work have been reported in abstract form (6).

Recent studies in guinea pigs have shown that two
syngeneic hepatocarcinomas, line I and line 10, became
enveloped by a cocoon-like fibrin gel within a few
hours of implantation in the subcutaneous space (1).
Further, this fibrin gel was apparently induced and
modulated by tumor-secreted products acting in concert
on extravasated plasma proteins (2). The tumor media­
tors thus far identified include a factor that increases
microvascular permeability, a procoagulant, and a
plasminogen activator, the last an enzyme activity
secreted by many types of tumor cells (2, 3). The
extensive fibrin gel characteristic of line 1 tumors
became organized after about day 3 and was largely
replaced by fibrous connective tissue, giving this tumor
the appearance of many scirrhous carcinomas of hu­
man and experimental animal origin (1). Although
line 1 tumors were eventually rejected, the mechanisms
involved did not seem to depend on direct anatomic
contacts between lymphocytes or macrophages and
individual tumor cells. Rather, tumor rejection in­
volved a process of infarction resulting from extensive
and progressive microvascular injury. Immunologic
rejection of first-set vascularized skin allografts has
recently been shown to occur by a similar mechanism
in several species including humans (4). In both tumor
and skin allografts it was suggested on morphologic
grounds that microvascular endothelial cell injury
resulted from the activities of sensitized lymphocytes or
their products (1, 4, 5).

The more malignant line 10 guinea pig hepatocar-

MATERIALS AND METHODS

Excisional biopsy specimens were obtained from 14
mammary carcinomas removed from 13 patients. (One
patient had separate primary tumors in each breast.)
Patients ranged in age from 39 to 86 years. Only tissue
available for study within 15 minutes of surgical
removal was included to ensure optimal fixation. The
neoplasms ranged from 2 to 5 cm in diameter, and
frozen sections and subsequent permanent hematoxylin
and eosin stained sections established the diagnosis in
all 14 tumors as infiltrating ductal carcinoma.

Paired, adjacent samples were cut from 10 of the
tumors with a sharp razor blade, taking care to include
the junctional zone between neoplasm and grossly

ABBREVIATION USED: IF= immunofluorescence.
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TEXT-FIGlIRt: I.-Schematic diagram summarizing newly recognized
features of human breast tumors. Fibrin deposits are maximal at
the tumor-host junction and surround individual peripherally dis­
posed tumor cell nests. Less fibrin is observed in more central
portions of the tumor. Vessels (V) of benign breast tissue are cuffed
by lymphocytes, whereas tumor-penetrating vessels are not. Lyrn­
phocytes penetrate only for short distances into the scirrhous
tumor stroma (stippled area) but may envelop peripheral tumor
cell clumps in high lvmphocyte.tumor cell ratios. Some tumor
cells (blackened) are necrotic. Of these, some are associated with
lymphocytes, whereas others lie in the centers of tumor nests well
away from contacts with infiltrating cells. Entire tumor nests and
surrounding collagen may undergo infarction . Tumor infarc­
tion may be secondary to microvascular endothelial cell damage
(blackened endothelial cells).

normal breast tissue. The first member of the pair
consisted of a wedge of tissue measuring approximately
1.0-1.5 cm 2 and 0.2-0.3 cm thick. This was immedi­
ately frozen for IF studies. The second piece of the
paired samples, and the only piece taken in 4 cases,
was a strip of tissue of similar dimensions that was
placed immediately in dilute Karnovsky's fixative (7) at
room temperature. After about 5 minutes, the stiffened
tissue was bisected longitudinally, and both halves
were reimmersed in fixative for an additional 5 hours
at room temperature and subsequently transferred to
0.1 M cacodylate buffer (pH 7.4) at 4°C. After trim­
ming, tissue included approximately 4-7 mm of neo­
plasm, the tumor-benign tissue junction. and several
millimeters of benign breast tissue, all in continuity.
One piece was then processed for giant I-J.Lm Epon
sections, Giemsa staining, and light microscopy; the
other half was minced into smaller pieces and pro­
cessed for electron microscopy (1).

Fibroadenomas were obtained from 5 patients. and
normal or fibrocystic breast tissue was obtained from 5
others. These biopsies were processed for IF and for
I-J.Lm sections in the same manner as the carcinomas.

The samples frozen for IF were sectioned at 4 J.Lm
and stained with fluoresceinated rabbit antiserum to
human fibrinogen. ,,),-globulin, albumin, and the third
component of complement (C3) (1). In all instances,
one section was stained with toluidine blue for study
by conventional light microscopy in parallel with IF.
The activity and specificity of the antisera were sub­
stantiated as previously described (8, 9). Antifibrinogen
antibodies have specificity for fibrinogen, fibrin, and
certain large degradation products of both fibrin and
fibrinogen. Therefore, the antigens detected in tissue
sections with this antiserum are referred to collectively
as "Fib," even though, as discussed elsewhere (8, 9),
fibrillar deposits in tissue that bind this antiserum
almost certainly represent fibrin. Absorption of anti­
Fib sera with purified fibronectin or human serum
linked to agarose beads did not affect staining; how­
ever, absorption with a washed fibrin clot removed all
anti-Fib staining.

RESULTS

Infiltration of Ductal Breast Carcinomas

In agreement with many previous histologic descrip­
tions of this common tumor (10-12), all carcinomas in
this study consisted of variably sized groupings of
anaplastic epithelial cells separated by fibrous stroma
(fig. IA) . Because of the manner in which our sections
were oriented. we were able to distinguish peripheral
from more central portions of each tumor and to
concentrate our attention on the tumor-host junction
(figs . 2 and 3). A number of new features were
recognized and are illustrated schematically in text­
figure 1.

Fibrin deposits.-These were present in all 14 tumors
studied. Fibrin could be identified with difficulty in
Giemsa-stained, Epon sections in one-half of the tu-

mors. However, as for experimental line 1 tumors that
had progressed to the scirrhous stage (1), even abun­
dant fibrin deposits were difficult to visualize in I-J.Lm
Epon sections when embedded in fibrous connective
tissue, and they were easily missed. Fibrin was reliably
identified by electron microscopy (fig. IB) by virtue of
its fibrillar structure and characteristic periodicity (13),
but electron microscopy was not useful as a screening
procedure because of the extensive sampling problems
involved. IF (fig. 2) with highly specific antisera
provided the simplest and most sensitive approach for
reliable identification and rough quantitation of Fib in
breast tumors and was positive in all of the 10
carcinomas in which it was applied. However, as noted
above, we cannot be certain that all Fib staining
represents cross-linked fibrin.
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Fib was most abundant in the loose connective tissue
at the tumor-host interface and in the immediately
surrounding benign breast tissue (fig. 2A). It appeared
as a fibrillar meshwork inserted between bundles of
collagen and fat, independent of the extent of lympho­
cyte infiltration (see below). Although sometimes trav­
ersed by Fib strands, areas of lymphocyte infiltration
were largely free of Fib deposits (figs. 2B and 2C).
Peripherally situated tumor cell nests were often en­
veloped by a prominent rim of Fib that separated
them from the surrounding connective tissue (fig.
2D). Sometimes, Fib strands also Penetrated into
tumor -nests and surrounded smaller groups of tumor
cells (fig. 2E). Small peripheral tumor clumps that
were surrounded by numerous lymphoid cells were
often enveloped by particularly prominent bands of
Fib-staining material that separated them from the
lymphocytes (figs. 2E, 2F).

Fib staining was less extensive in more central
portions of the tumor. The Fib deposits surrounding
tumor clumps were less abundant, more discontinuous,
and were often lacking altogether. However, small
patchy Fib deposits remained scattered in the abundant
fibrous stroma.

IF staining with antibodies directed at albumin and
C3 were negative; variable numbers of inflammatory
cells were stained with antibodies to immunoglobulin,
as have been described by others in many different
tumors (14).

Inflammatory cells.Relation to tumor and blood ues­
sels.-It has been known for many years that in­
flammatory cells commonly appear in association with
breast carcinomas and other malignant tumors, and
there is disagreement in the literature as to whether
such infiltrates lead to a better clinical prognosis
(12, 15-17). The techniques used here permitted a
better characterization of the types and precise localiza­
tion of infiltrating cells (figs. 3 and 4).

The vast majority of inflammatory cells were lym­
phocytes, but macrophages, plasma cells, and some­
times neutrophils were also present in small numbers.
Basophils and eosinophils were rarely encountered, but
mast cell hyperplasia was present in 11 of 14 tumors
(18, 19) (figs. 3C and 4B). The inflammatory infiltrate
was largely confined to the tumor-benign breast tissue
interface. Inflammatory cells tended to be concentrated
about small veins and venules and rarely penetrated the
tumor by more than 1 mm in any significant numbers.
Only occasional lymphocytes and macrophages were
found in more central portions of any of the 14
carcinomas studied. Although contacts between such
inflammatory cells and tumor cells did occur, they
were infrequent and involved less than 1% of tumor
cells. In two cases inflammatory cells at the tumor­
benign breast junction were particularly abundant and
formed the principal milieu enveloping nests of pe­
ripheral tumor cells (figs. 2E and 3D). Cell counts
revealed local lymphocyte-to-tumor cell ratios of 25:1
or higher. In both cases, lymphocytes formed numer­
ous anatomic contact with tumor cells nests, and a few
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of these tumor cells (generally, <10%) appeared dam­
aged or frankly necrotic (fig. 3D).

Lymphocytes not uncommonly enveloped individual
nonmalignant mammary ducts in the benign breast
tissue peripheral to the carcinoma and sometimes did
so with an intensity that matched the infiltration about
malignant tumor cells. Such lymphocytic accumula­
tions are, of course, not uncommon in fibrocystic
disease and other benign breast lesions. Thus elicita­
tion of a mononuclear cell infiltrate cannot be con­
sidered specific to carcinomas.

Tumor blood vessels.-An important negative find­
ing was the observation that tumor blood vessels (i.e.,
vessels traversing the tumor stroma and supplying
central portions of the tumor mass) were seldom
surrounded by lymphocytes, and then only in small
numbers. This is in striking contrast to similar sized
venules at the tumor periphery (figs. 3B-D, 4A and 4C)
that regularly supported extensive inflammatory cell
diapedesis and that were characterized by cuffs of
enveloping lymphocytes.

The small blood vessels within and immediately
adjacent to breast tumors underwent a number of
intrinsic changes (figs. 3D, 4A-4D). These were of four
types: a) hypertrophy (activation) of both endothelial
cells and pericytes: b) endothelial cell division (hyper­
plasia); c) injury to or frank necrosis of endothelial
cells; and d) basal lamina alterations, including regular
and irregular duplication, deposition of debris, and
nodular thickening. The hypertrophy and hyperplasia
observed are consistent with a growing microvascu­
lature, and similar types of endothelial cell and peri­
cyte changes (enlarged cell size, large open nucleus
with dispersed chromatin, increased cytoplasmic mass
with numerous organelles, and cell division) may be
observed, for example, in healing wounds (20, 21).
Unlike healing wounds, however, individual endo­
thelial cells of tumor vessels commonly showed evi­
dence of injury, and it was not uncommon to observe
entire vessel profiles lined by damaged or frankly
necrotic endothelial cells. Even when extensive, endo­
thelial injury was seldom associated with luminal
thrombosis. Both vessels at the tumor periphery and
also more central vessels that penetrated the tumor
stroma were affected. Direct anatomic contacts were not
observed between any type of inflammatory cell and
damaged endothelium. However, lymphocytes were
present in vessel lumina. They were also observed
within the walls of small vessels at the tumor edge and
presumably represented cells in the process of dia­
pedesis. The lymphocyte cuffs enveloping peripheral
vessels were separated from endothelial cells by basal
lamina and often by pericytes as well. Injury to
pericytes was not observed.

Tumor necrosis.-While tumor cell injury associated
with lymphocyte or other inflammatory cell contact
was uncommonly seen, some degree of tumor necrosis,
apparently independent of lymphocyte associations,
was observed in all 14 tumors studied (fig. 5) (22, 23).
In its mildest form, individual cells in the centers of
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tumor nests, the cells farthest removed from the blood
supply, exhibited signs of injury, including vacuoliza­
tion, cytoplasmic swelling and lucency, and frank
necrosis. Neutrophils were sometimes observed at sites
of individual tumor cell necrosis. In other instances,
entire nests of tumor cells, or several adjacent nests and
the intervening stroma, appeared necrotic, often accom­
panied by focal microhemorrhages. This tumor cell
necrosis was of the "coagulative" type in that anatomic
landmarks (i.e., distinction between stroma and tumor
nests) and profiles of individual tumor cells were
preserved for a considerable period after cell death.
Indeed, this pattern persisted until macrophages in­
vaded the necrotic areas to phagocytose the debris (figs.
5B-5D).

Benign Breast Lesions

For comparison with intraductal carcinomas, 10
biopsies of benign breast tissue were also examined (2
normal, 3 fibrocystic disease, 5 fibroadenomas). The
microscopic features of these biopsies, as studied in 1­
p.m Epon sections, generally corresponded to those of
classic descriptions. IF staining for Fib was negative in
normal breast tissue and also in fibrocystic disease.
However, moderate staining for Fib was observed in 4
of the 5 fibroadenomas studied. Patchy Fib deposits
analogous to those described in ductal carcinomas were
observed at the tumor-breast junction and to a lesser
extent in the mature fibrous connective tissue of the
tumor stroma. Staining with the other antisera was
negative. In the single fibroadenoma that was Fib­
negative, the stroma was almost completely hyalinized,
and epithelial elements were infrequent, suggesting
that the tumor had ceased to grow.

DISCUSSION

The fibrin found in the stroma of human breast
carcinomas, as that associated with guinea pig line I
and 10 tumors, most probably arises from the ex­
travasation and coagulation of plasma fibrinogen (1,
2). The pathogenesis of these events is uncertain, but at
least three possibilities may be considered: a) Guinea
pig tumor cells, both in vivo and in short-term
cultures, release biologically active mediators that en­
hance vascular permeability (allowing transudation of
fibrinogen and other plasma proteins) and that trigger
coagulation (2). Whether human breast cancer cells
secrete similar mediators has not yet been determined.
b) Increased microvascular permeability and fibrin
deposition are regular components of delayed type
hypersensitivity reactions in both humans and experi­
mental animals (5, 19). The lymphocyte-rich infiltrate
concentrated at the periphery of breast cancers may
represent the expression of delayed type hypersensitivity
and could be involved in the fibrin deposition associ­
ated with these tumors. That this could provide the
entire explanation is unlikely in view of the paucity of
lymphocytes about fibroadenomas which nonetheless
had fibrin deposits. c) Local synthesis of fibrinogen by
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tumor or by stromal cells is a theoretical possibility,
though unlikely in our view.

Whatever the mechanism, our data indicate that
fibrin deposition is a factor that must be reckoned with
in attempting to understand the biology of human
breast tumors. As a component of most types of tissue
injury, fibrin deposition is thought to be involved in
the as yet poorly defined pathways leading to wound
healing (24). Wound healing involves both angio­
genesis and fibroplasia, i.e., the production of granu­
lation tissue followed eventally by scar formation.
In guinea pigs, implants of fibrin alone led to
angiogenesis (25) equivalent to that induced by tumor
cells in both quantity and kinetics (1). Given these
circumstances, fibrin itself (26), or some product asso­
ciated with fibrin production or catabolism, may ac­
count for tumor angiogenesis. Indeed, the possibility
that the tumor angiogenesis factor described by Folk­
man (27) acts by enhancing vessel permeability and
activating the clotting system deserves serious investi­
gation (28).

Given these considerations, "organization" of the
abundant fibrin deposits found at the periphery of
breast tumors into fibrous connective tissue may ex­
plain the pathogenesis of tumor desmoplasia. Data
from guinea pig tumors are consistent with this
possibility. The line I guinea pig carcinoma is envel­
oped at early intervals by an abundant fibrin gel that is
replaced after a few days by fibrous connective tissue as
the tumor assumes a scirrhous character (1). In contrast,
the line 10 carcinoma, associated with little fibrin gel,
acquires little fibrous stroma (1). Also consistent with
this hypothesis is the finding of fibrin deposits in
fibroadenomas, benign tumors comprised of epithelial
tumors cells and abundant fibrous stroma. Taken
together, these data suggest that the scirrhous stroma
characteristic of many human and animal tumors, both
benign and malignant, may arise from the organization
of a preexisting fibrin gel. They further predict that,
other things being equal, the extent of fibrin gel
deposition around tumors, and the Persistence of that
gel in the face of antagonistic tumor and host enzymes
(e.g., plasminogen activator), may be proportional to
the amount of fibrous connective tissue that eventually
replaces the fibrin. Thus our data predict that scirrhous
tumors are those that lay down and maintain an
abundant fibrin gel that can subsequently be organized
by fibrous stroma as in normal wound healing.

An alternate possibility has been suggested, namely,
that breast tumors provide their own scirrhous stroma
by synthesizing collagen and elastin (29-32). However,
subsequent work has shown that breast tumor cells
synthesize basement membrane collagen (type IV),
whereas breast tumor stroma, as scar tissue in wound
healing, is comprised largely of type I collagen [(33)
and Liotta LA: Personal communication].

Although inflammatory cells, mostly lymphocytes,
were abundant, at least focally, at the tumor-benign
tissue interface in 10 of our 14 cases, relatively few
penetrated the scirrhous tumor stroma to any signifi­
cant extent. Moreover, even in cases where significant
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numbers of inflammatory cells enveloped peripheral
tumor cell nests (figs. 2E, 3D, and 4A), the extent of
tumor cell killing observed was modest and the vast
majority of tumor cells appeared to be undamaged.
Various possibilities have been invoked to explain the
failure of the immune response to rid the host of
tumor (34-36), but none of these are proved as yet.
Alternatively, the data may indicate that, as in first-set
skin allograft rejection (4), lymphocyte contact-medi­
ated killing of graft epithelium is a relatively slow and
inefficient process and that even this meagre defense is
inoperative in more central and scirrhous portions of
tumor where lymphocytes penetrate with difficulty.

Related to this discussion is a negative finding: the
relative failure of vessels that penetrate tumor to
support diapadesis of lymphocytes. By contrast, lym­
phocytes and other inflammatory cells regularly formed
aggregates about small vessels at the tumor-benign
breast junction.

Thus the host may be thrice disadvantaged in its
immunologic defenses against breast tumors. Lympho­
cytes that have emigrated from vessels at the tumor­
host junction appear to have only a limited capacity to
kill tumor cells despite vast local numerical superiority;
lymphocytes find great difficulty in penetrating the
fibrous tumor stroma; and finally lymphocytes seem
unable to emigrate from blood vessels that do traverse
tumor. Acting in concert, these factors could effec­
tively protect tumors from host defenses, creating for
the tumor de facto an immunologically privileged site
within a host that may be otherwise immunologically
competent.

The endothelial cell injury and necrosis affecting
tumor and interface blood vessels are identical to
changes previously described in delayed type hypersen­
sitivity skin reactions (5, 19, 37), in first-set human skin
allograft rejection (4), and in the immunologic rejec­
tion of the line I guinea pig hepatocarcinoma (1). The
mechanisms of vessel damage are unclear, but, by
analogy with the other examples cited, may involve the
activities of lymphocytes or certain of their products.
This is particularly likely for junctional vessels cuffed
by lymphocytes.

As noted above, necrosis of individual peripherally
disposed tumor cells was associated with anatomic
contacts with lymphocytes. However, a much more
extensive form of necrosis affected entire tumor cell
clumps and intervening stroma. Common to many
malignant tumors, this necrosis was of the "coagula­
tive" type that is generally associated with ischemic
injury (29). Coagulation tumor necrosis developed
without apparent anatomic contacts between tumor
and inflammatory cells and closely resembled the
infarct-like patterns occuring in rejecting first-set skin
allografts (4) and vascularized line I tumors (1). Per­
haps this tumor necrosis developed on an ischemic
basis, secondary to the microvascular injury described
above. Indeed, others have also hypothesized a vascular
mechanism of necrosis in breast caarcinomas but with
routine histology were not able to find a vascular
lesion (22, 23, 38). Others have also described tumor
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injury and rejection in the absence of anatomic con­
tacts between inflammatory and tumor cells (39, 40).

Recently, an abundant literature has emphasized the
role of macrophages in tumor rejection (41-44). On the
basis of studies of cells isolated from tumor homoge­
nates, several authors have suggested that human and
animal tumors are heavily infiltrated by macrophages.
In contrast, we found relatively few macrophages in
our series of breast tumors, except about sites of
preexisting coagulative tumor necrosis. Here macro­
phages accumulated in large numbers and phago­
cytozed cell debris. We therefore urge caution in
drawing conclusions about the importance and fre­
quency of macrophages in host tumor defenses based
on approaches that do not preserve normal intercellular
relationships (45). We do agree, however, that macro­
phages, in contrast to lymphocytes, can penetrate dense
tumor stroma, a property that may be related to their
abundant proteases.
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FIGURE 1.-IA) Typical intraductal breast carcinoma illustrating tumor cell nests and cords separated by scirrhous stroma in a l-um-thick Epon
section. Arrows indicate focus of increased elastic tissue around a tumor nest. lB) Electron micrograph illusIrating fibrin deposits (F) between
individual tumor cells. lA) Bar= 100 ~m. X 250. lB) Bar= 1.0 ~m. X 6,720

JNCI. VOL. 67. NO. 2. AUGUST 1981

 at Pennsylvania State U
niversity on Septem

ber 12, 2016
http://jnci.oxfordjournals.org/

D
ow

nloaded from
 

http://jnci.oxfordjournals.org/


342 Dvorak, Dlckersln, Dvorak, et al.

FIGURE 2.-Fib deposits in breast carcinomas recognized by IF. 2A) Abundant Fib between collagen bundles (black areas) in the loose connec­
tive tissue at the tumor-benign breast interface. Bar= 100 ",m. X 190. 2B and 2C) Phase-contrast (2B) and IF (2C) photomicrographs of the
same field at edge of tumor, illustrating dense lymphocyte infiltrate (L ) and loose fibrofauy connective tissue (upper right ). Fib staining is
largely confined to the connective tissue. Fa = fat cells (2B). Bar= 100 ",m. X 230. 2D) Fib deposits outlining nests of tumor cells (T) . Bar= 100
",m. X 190. 2E ) Small peripheral tumor cell clumps (arrows ) are separated from an extensive surrounding lymphocytic infiltrate by lightly
staining material that by IF (2F) exhibits strongly positive Fib staining. Fig 2E represents a toluidine blue-stained frozen section from the
same block as fig. 2F. 2E ) Bar= 100 ",m. X 230. 2F) Bar= 100 ",m. X 350.

FIGURE 3.-Inflammatory cell infiltrate at tumor-benign breast interface. 3A) Lymphocytes at junction of tumor (right) with fat (Fa) of benign
breast (black globules, left ) infiltrate tumor patchily and irregularly for a short distance. Bar= 200 ",m. X 50. 3B) Higher magnification of
lymphocyte infiltrates at tumor-benign tissue junction. Lymphocytes surround a small venule (arrow) and penetrate only a short distance
into tumor below. Black globules represent fat cells of breast. Bar= 100 ",m. X 130. 3C) Increased mast cells (solid arrows) in the
inflammatory infiltrate at tumor-benign breast junction. Focal interactions between mononuclear cells, mostly lymphocytes, and a tumor cell
clump leading to focal tumor cell killing (open arrows ). V = venule. Bar= 50 I-Im. X 320. 3D) Small peripheral clumps of tumor cells (T ) in a
sea of inflammatory cells, mostly lymphocytes but including occasional macrophages and plasma cells. Occasional tumor cells appear
necrotic (N) , but most appear undamaged. Endothelium of small venules (V) exhibit hypertrophy and rarely in this field , necrosis (NE ). All
are l-um-thick Giemsa-stained Epon sections. Bar=50 I-Im. X 400 .
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FIGURE 4.-Tumor microvasculature. Venules exhibit extensive damaged endothelium (DE), as evidenced by cytoplasmic lucency and in some
instances swelling. Note normal appearances of tumor cells in 4A, despite close associations with lymphocytes (arrows). In 4B, note venule
(V) with damaged endothelium and surrounding mast cell hyperplasia. In the electron micrograph (4D), four endothelial cells are damaged
(DE), whereas immediately adjacent peri cytes (P) and endothelial cells (E) are undamaged. 4A) Bar= 10 /olm. X 650. 4B) Bar= 50 /olm. X ~20.

4C) Bar= 10 /olm. X 650. 4D) Bar=2 /olm. X 5,000
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FI GURE 5.- Foca l central tumor cell necrosis (N) in 5A progressing to infarction (I) in 5B), without associa ted inflammatory cell contact. Note
that zone or infarction extends irregularl y beyond tumor cells into surrou nding fibrous connective tissue. 5A a nd 5B) Bar= 50 /olm. X 320.
5C) At la ter times , infarcted tumor (I) is surro unded by phagocytic macrophages, here staining black because their cytoplasm contains abun­
dant phagocytized osmium-reactive lipid. Bar= 100 /-1m. X 64. 5D) Higher magnificati on of 5C, ill ustrat ing lip id-filled macrophages (arrows)
at edge of infarct (I). Outlines of individual necroti c tumor cells are still recognizable, a characteri stic feature of coagulation necrosis. Bar=
2 /olm. X 350. All are l-um Epon sections.
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