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Abstract
Aim-To investigate the relation between
angiogenesis and inflammation in inva-
sive carcinoma ofthe breast.
Methods-Sections from 75 invasive car-
cinomas of the breast were stained using
immunohistochemistry for von Will-
ebrand factor, CD3, CD8, CD45RO,
CD45RA, CD20, CD68, and c-erbB-2.
Tumour vascularity was assessed by
counting vessels in the three most vascu-
lar areas, and calculating the average
(x400 magnification, field 0.168 mm2).
Each pattern of inflammation was scored
semiquantitatively.
Results-The main pattern of inflamma-
tion was a diffuse infiltrate of macro-
phages, and to a lesser extent T cells.
Perivascular and perilobular clusters ofB
and T cells were noted at the edge of the
carcinomas, but were less prominent than
the diffuse inflammation. Diffuse inflam-
mation, particularly macrophages, was
associated with high tumour grade, tu-
mour necrosis, large tumour size, and
c-erbB-2 expression. Perivascular and
perilobular inflammation also increased
with tumour grade. Tumour vascularity
increased slightly with intensity of diffuse
inflammation (Spearman's rank correla-
tion coefficient r. = 0.17, p = 0.08), and was
inversely related to perilobular inflamma-
tion (r, = -0.23, p = 0.03).
Conclusions-The correlations between
inflammation and vascularity were weak
in this study (r2 about 0.04) and thus there
was no evidence of an important relation.
Discrepancies between this and other
studies may be resolved by studying
expression of angiogenic cytokines and
proteolytic enzymes by tumour infiltrat-
ing inflammatory cells, and their relation
to tumour vascularity.
(J Clin Pathol 1997;50:669-673)
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Angiogenesis is essential for tumour growth.
Several studies have assessed vascularity in
invasive carcinomas of the breast using sections
stained for endothelial markers. Highly vascu-
lar tumours are associated with an increased
risk of metastasis in about half the studies, and
the majority have shown that highly vascular
carcinomas have a less favourable prognosis
than tumours with low vascularity.' Different
patterns of inflammation may be seen in

invasive carcinoma of the breast. The predomi-
nant pattern is a diffuse infiltrate in the stroma
between tumour cells composed of macro-
phages and T lymphocytes.6 Less prominent
are perivascular and perilobular clusters of B
and T lymphocytes.7 An association of inflam-
mation with expression of c-erbB-2 by the car-
cinoma is described.8 The significance of the
inflammatory infiltrate in mammary carcinoma
is controversial. Different studies, even with
multivariate analysis, have shown that intense
inflammation in the tumour is associated with
good prognosis,8 poor prognosis,9 or no
effect.'0 "1 It has been thought that the inflam-
mation is a reflection of an immune response to
the tumour. There is recent evidence that if this
is the case the response may be ineffective,'2
perhaps because ofinhibition by tumour cells. 3
On the other hand, inflammatory cells are a
potentially- important source of angiogenic
cytokines. They can also release enzymes that
digest the extracellular matrix and thus either
facilitate vessel formation or release angiogenic
factors which are present in the stroma." '5 A
recent study'" suggested that more highly
vascular carcinomas had more intense macro-
phage "hotspots" within the tumour.
The aim of the present study was to assess

the relations between the different patterns of
inflammation and tumour vascularity in inva-
sive carcinoma of the breast.

Methods
Seventy five consecutive invasive carcinomas of
the breast were studied (the majority were also
included in a previous study7). All patients were
operated on at the Imperial Cancer Research
Fund clinical oncology breast unit at Guy's
Hospital. Patients with a previous carcinoma of
the breast, or multiple mammary carcinomas at
presentation, were excluded. The tumours
were typed using Azzopardi's criteria.'7 Tu-
mours were classified as mixed if they con-
tained more than 10% of at least two tumour
types. The following were recorded for each
tumour: necrosis in the invasive tumour;
invasion of lymphatics or blood vessels; the
number of axillary lymph nodes examined, and
the number of these involved by tumour; and
tumour size (measured microscopically in
tumours up to 20 mm across, and macroscopi-
cally in larger tumours). All carcinomas were
graded using the modified Bloom and Richard-
son method.'8
The tumour vascularity and inflammation

were assessed in the first surgical specimen in
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Table 1 Panel of antibodies

Pretreatment
Antibody CD Specificity (minutes) Source

von Willebrand factor - Endothelium Trypsin (10) Dako
CD3 CD3 T cells Microwave (30) Dako
CD8/144B CD8 T suppressor cells Microwave (30) Dr D Mason, Oxford
UCHL1 CD45RO Primed T helper cells, macrophages, - Prof PCL Beverley, ICRF

B cells London
SN130 CD45RA Naive T helper cells, macrophages, - Dr G Janossy, Royal Free

B cells Hospital, London
L26 CD20 B cells Microwave (15) Dako
PGM1 CD68 Macrophages Trypsin (10) Dako
c-erbB-2 c-erbB-2 Dako

patients undergoing more than one procedure,
to avoid changes associated with previous sur-
gery.
Immunohistochemistry using a panel of

antibodies with appropriate pretreatment
(table 1), and a streptavidin-biotin technique7
was performed on sections from one selected
phenol formalin fixed block from each case. We
chose von Willebrand factor as the endothelial
marker because in a preliminary study this gave
better results than with CD3 1, CD34, and Ulex
europaeus. The inflammatory cell markers were
chosen to stain T and B lymphocytes and mac-
rophages. Before application of the primary
antibodies to von Willebrand factor, c-erbB-2,
and CD3, normal swine serum diluted 1/5 was
applied for 15 minutes. In two biopsies there
was only methacarn fixed tissue available, so
von Willebrand factor could not be assessed, as
the antibody does not work with this fixative.

EVALUATION OF INFLAMMATION
The inflammation was assessed on haematoxy-
lin and eosin sections, and each of the sections
was stained for inflammatory cell markers.
Three patterns of inflammation were recog-
nised: (1) diffuse in the stroma around and
between tumour cells, (2) perivascular clusters,
and (3) perilobular clusters. The intensity of
each pattern of inflammatory infiltrate, (a)
within and (b) at the edge of the invasive
tumour, was graded as absent or minimal (0),
mild (1), moderate (2), or marked (3).

Definite membrane staining for c-erbB-2
was interpreted as positive. Very weak and focal
staining were scored as negative.

EVALUATION OF VASCULARITY
Vessels were assessed within the invasive carci-
noma in sections stained for von Willebrand
factor. The most vascular areas, or hotspots,

Figure 1 Correlations of the intensity of the diffuse infiltrate of macrophages with other
histological features. For rs = 0. 28, p = 0. 009; rS = 0. 32, p = 0. 003; r, = 0. 39, p = 0. 0003;
rs = 0.58,p < 1i0-.

were identified by examination at low power.
The vessel counts from the three most vascular
fields (0.168 mm', x400 magnification) were
recorded, and the average calculated. No ducts
or lobules, either normal or involved by
carcinoma in situ, were allowed in the field. All
discrete clusters or single cells stained for von
Willebrand factor were counted as a vessel. A
lumen was not required to count as a vessel.
The findings of a recent study noted that

more vascular carcinomas had more intense
macrophage hotspots within the tumour. 16 This
prompted us to look at the distribution of mac-
rophages (CD68) and their relation to vessels
in 42 tumours. Seven tumours, selected from
those showing heterogeneous vascularity, were
further studied using double immunohisto-
chemistry. Antibody to von Willebrand factor
was applied first and visualised with a strepta-
vadin biotin technique, followed by antibody to
CD68 demonstrated with an alkaline phos-
phatase anti-alkaline phosphatase technique.'7

Comparisons between groups were made
with the Mann-Whitney U method, and corre-
lation was assessed using Spearman's rank
method. The Wilcoxon signed rank test was
used to analyse paired data.

Results
The 75 carcinomas were classified as 50 ductal,
five tubular or cribriform, nine lobular, five
mixed ductal and lobular, and one mucinous
carcinoma. There were 23 grade I, 33 grade II,
and 19 grade III. Axillary lymph node status
was known in 71 patients, and metastatic
carcinoma was present in 38. The median
tumour size was 15 mm (range 2 to 100 mm).
Vascular invasion was present in 18 and necro-
sis in 14 tumours. Clear membrane staining for
c-erbB-2 was seen in 10 tumours (14%).

PATTERNS OF INFLAMMATION
Diffuse inflammation was seen in 36 tumours
and was the most prominent pattern of inflam-
mation noted in this study. It was usually evenly
distributed within the tumour, with accentua-
tion at the tumour edge in some tumours. The
main cell types were macrophages and T cells,
with the former predominant-the intensity of
the diffuse infiltrate of macrophages exceeded
or was similar to the intensity of T cells in
almost all the tumours (Wilcoxon statistic 992,
p < 0.001). Perilobular and perivascular in-
flammation was seen in 20 and 41 tumours
respectively. Both patterns of inflammation
were more prominent at the tumour edge, and
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both were mainly composed of B and T cells,
with few macrophages.

Intense diffuse inflammation, especially
macrophages, was associated with high tumour
grade of ductal carcinomas, larger tumour size,
tumour necrosis, and c-erbB-2 expression (fig
1). Intense perilobular inflammation, com-

posed of B and T cells, was associated with
high tumour grade of ductal carcinomas
(Spearman's coefficient rs = 0.28 to 0.35, p =

0.016 to 0.003), tumour necrosis (r, = 0.41 to
0.44, p < 0.0001) and larger tumour size (rs =
0.22 to 0.25, p = 0.03 to 0.01). Intense
perivascular inflammation, composed of B and
T cells, was seen particularly in high grade
ductal carcinomas (rs = 0.32 to 0.39, p = 0.006
to 0.001).

TUMOUR VASCULARITY
The tumour blood vessels were either distrib-
uted evenly through the tumour (about half the
tumours), or the vascularity was highest
towards the periphery of the invasive tumour.
Marked variation of vascularity, appreciable at
low power examination, was noted in only one
fifth of tumours. The median tumour vascular
density was 143/mm2 (range 54 to 333/mm2).
Vascular density was not correlated with nodal
status (r, = -0.02), histological grade (rs =

-0.04), tumour size (rs = -0.02), vascular
invasion (r, = 0.08), or c-erbB-2 expression (rs
= -0.005).

RELATIVE DISTRIBUTION OF MACROPHAGES AND

VESSELS

Macrophages were diffusely distributed
through the tumour. In a quarter there was

increased density of macrophages at the
tumour edge, particularly in the normal tissue
adjacent to the carcinoma. Macrophage
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Figure 2 The hotspot vascular density and intensity of the
diffuse inflammation within the tumour; r = 0. 17,p =
0.08.
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Figure 3 The hotspot vascular density and intensity of the
perilobular inflammation at the tumour edge; r = -0. 23,
p = 0.03.

hotspots were noted in a quarter of tumours,
often both at the tumour edge and within the
tumour. Those within the tumour were often in
areas of fibrous tissue and only occasionally
related to necrosis. As noted above, the blood
vessels were usually either distributed evenly
through the tumour or were more marked
towards the tumour edge. Marked variation of
vascularity was seen in only one fifth. There
was no consistent pattern to the relative distri-
butions of the vessels and macrophages.

Seven tumours, selected from those showing
heterogeneous vascularity, were further studied
using double immunohistochemistry for von
Willebrand factor and CD68. The macro-
phages were diffusely distributed in all but two
tumours. In one the macrophages were associ-
ated with an area of necrosis, and in one were in
a central area of fibrosis. The macrophage
hotspots in these two tumours were at least 7
mm from the vascular hotspots.

VASCULARITY AND INFLAMMATION
Increasing vascular density correlated weakly
with increasing intensity of diffuse inflamma-
tion within the tumour (fig 2). This small effect
was seen with T cells, but not with macro-
phages (CD3 rs = 0.16, CD8 rS = 0. 19,

Table 2 Intensity of diffuse inflammation within tumour
and hotspot vascular density (divided into tertiles)

Hotspot vascular densitylmm2
(divided into tertiles)

3 Intensity of diffuse
inflammation within tumour 54-129 130-174 175-333

0 12 18 7
1 6 6 10
2 6 7
3 1

u
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CD45RO r, = 0.14, CD68 r, = -0.01). We also
analysed our data using Leek's method to allow
comparison between the two studies. The
tumours were divided by vascular density into
tertiles, and the diffuse inflammation in the
three groups of tumours compared. Using the
overall measure obtained from haematoxylin
and eosin sections, we found that the inflam-
mation in the highest tertile was higher than
that in the lower two tertiles (p = 0.004, Mann-
Whitney U test). However, tumours in the
lowest tertile for vascularity had more diffuse
inflammation than tumours in the middle
tertile (table 2). Similar results were obtained
for CD3 cells, with more CD3 cells in the
highest tertile (p = 0.055). By contrast, the
scores for CD68 cells were similar in the three
tertiles.

Vascular density decreased slightly with
increasing intensity of perilobular inflamma-
tion at the tumour edge (fig 3). This pattern
was seen with all cell types except macrophages
(rS = -0.17 to -0. 18). Vascular density was not
correlated with perivascular inflammation at
the tumour edge (rs = -0.04).

Discussion
We found three main patterns of inflammation,
confirming a previous smaller study.7 The pre-
dominant pattern was a diffuse infiltrate of
macrophages and T cells. Perilobular and
perivascular inflammation was composed of B
and T cells and was seen particularly at the
tumour edge. Most previous studies have not
attempted to subdivide the inflammation into
different patterns. Nevertheless, reported asso-
ciations of inflammation with histological
grade,20 21 necrosis,20 and c-erbB-2 expression8
are consistent with our findings for diffuse
inflammation.
One previous study has looked at the relation

between inflammation and vascularity in inva-
sive carcinoma of the breast. Leek et al16
assessed the density of macrophages in
hotspots in a manner similar to the assessment
of vascularity in this study. They found that
tumours with vascularity in the upper tertile
had higher macrophage hotspot counts (aver-
age of about 20), compared with tumours in
the two lower tertiles for vascularity (both
average of about 15). This difference was
significant (p = 0.03), but small. The macro-
phage and vascular hotspots did not coincide.
They suggested that the macrophage hotspots
in the tumour centre were stimulated by
hypoxia to produce angiogenic factors causing
angiogenesis at the tumour edge.
We found a weak correlation between the

intensity of diffuse inflammation and vascular-
ity (r. = 0.17, p = 0.08). This relation was due
to T cells and not macrophages. There was also
a weak inverse relation between perilobular
inflammation at the tumour edge and vascular-
ity (rS = -0.23, p = 0.03). These correlation
coefficients are small (r2 about 0.04) suggesting
if there is a relation it is of little importance.
Using a method of analysis like that of Leek et
al,'6 we found more intense diffuse inflamma-
tion in tumours in the highest tertile for vascu-
larity. As with the correlation analysis, this

relation was due to T cells and not macro-
phages. Thus, despite different methods of
assessing the inflammation, both studies have
shown weak associations between inflamma-
tion and angiogenesis, although of different cell
types. Where we differ is in the interpretation.
Leek et al thought the result important. We feel
the magnitude of the relation is small and
therefore not of major importance.
We looked for macrophage hotspots but

found the macrophages were usually diffusely
distributed through a tumour, and if anything
the inflammation was more marked at the
tumour edge. Macrophage hotspots within the
tumour were present in a minority of cases.
Separate hotspots of vessels and macrophages,
as described by Leek et al,'6 were shown by
double immunohistochemistry in two of seven
tumours selected because they contained
vascular hotspots. Leek at al used a more
sophisticated counting method, so it is possible
that we have missed a subtle relation between
the distributions of macrophages and vessels.
The macrophage and vascular hotspots were
often far apart, and thus an important relation
between the two would appear unlikely. The
evenness of the distribution of macrophages in
most tumours in this study, and in another
study using macrophage counts,2" suggests that
an overall score of macrophage density (rather
than hotspot counting) is a reasonable measure
of the intensity of macrophages.
By contrast with the present study, in ductal

carcinoma in situ we previously found a
moderately strong correlation between perivas-
cular clusters of B and T cells and vascularity
in the interductal stroma.2" Similar methods
were used in both studies, suggesting that this
comparison is valid. One potential explanation
of the discrepancy with the present study is that
the main pattern of inflammation associated
with ductal carcinoma in situ is perivascular,
whereas it is a much smaller component of the
inflammation found in invasive carcinomas.
Also, the increased vascularity seen in ductal
carcinoma in situ is outside rather than within
the carcinoma.
The absence of a strong association between

the intensity of inflammation and vascularity
does not exclude a possible role for inflamma-
tion in angiogenesis. It may be possible to
demonstrate subtle changes with cell counts
that are not apparent using inflammation
scores. Also, in this study simple markers of cell
type were used. For example CD68 is a
panmacrophage marker that stains macro-
phages in different situations, and probably of
different function.24 We were thus not able to
distinguish quiescent, antigen presenting,
phagocytic, or angiogenic macrophages. There
is evidence that macrophages need to be
activated before they can induce angio-
genesis,'5 and thus only a proportion of macro-
phages have an angiogenic phenotype. Assess-
ment ofinflammatory cell function, rather than
type, may be more meaningful.

Studies of expression of digestive enzymes,
angiogenic factors, and inhibitors of angiogen-
esis by inflammatory and carcinoma cells, and
their relation to tumour vascularity, may
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explain the absence of a relation between
inflammation and vascularity in invasive carci-
noma, compared with the associations found in
ductal carcinoma in situ.2" Urokinase type
plasminogen activator, one enzyme that has
been studied in carcinoma ofthe breast, may be
important in digesting extracellular matrix and
thus promoting angiogenesis. Urokinase plas-
minogen activator levels (measured by enzyme
linked immunosorbent assay (ELISA) on tumour
extracts) correlate with tumour vascularity2" 26;
and urokinase plasminogen activator (assessed
by both immunohistochemistry and ELISA) cor-
relates with macrophage density.25 27 Unfortu-
nately these studies did not assess the relation
between intensity of inflammation and vascu-
larity. Many angiogenic factors and inhibitors
of angiogenesis can be secreted by inflamma-
tory cells,'4 fibroblasts, and endothelial cells, as
well as by the carcinoma cells. Most studies of
angiogenic cytokines have concentrated on
expression in carcinoma cells,2830 rather than
stromal cells." Investigation of expression of
digestive enzymes and angiogenic factors, par-
ticularly by inflammatory cells, and their
relation to tumour vascularity may explain the
differences in invasive carcinoma and ductal
carcinoma in situ.
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