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Abstract.

Background and aim of the work: The significance of association between cancer and its stromal microenviron-
ment has been recognized. We aimed to investigate the immunohistochemical staining features of D2-40
(podoplanin), SMA (smooth muscle actin) and CD68 (pan-macrophage marker) in patients with early stage
invasive breast cancer with/out peritumoral PASH-like stroma. Mezhods: The H&E sections of core needle bi-
opsy specimens of invasive breast carcinomas diagnosed during one-year time period were reviewed in terms
of the presence of accompanying PASH-like stroma retrospectively. Cases with similar pattern of growth in
their surgical excision materials were included. Eight cases were grouped as ‘Invasive tumor with PASH-like
stroma’ and 21 cases as ‘Invasive tumor without PASH-like stroma’, consecutively. The results of immunohis-
tochemical staining for D2-40, SMA and CD68 were noted semiquantitatively as ‘negative’,'weak’, moder-
ate’ or ‘strong’. Results: CD68 was found significantly lower in invasive tumor with peritumoral PASH-like
stroma than those of tumor without PASH-like stroma. No significant differences were found for SMA and
D2-40 between two groups. Conclusions: Tumor-associated macrophages (CD68 positive) in tumor stroma
have been demonstrated in association with tumor behavior in several studies. The presence of peritumoral
PASH-like stroma, which is poorly staining for CD68, might be a morphological clue for the behavior of

tumor. (www.actabiomedica.it)

Key words: Breast cancer, pseudoangiomatous stromal hyperplasia, tumor microenvironment, tumor-associ-
ated macrophages, CD68

Introduction

The tumor microenvironment (TME) is com-
prised of tumor cells, tumor stroma, fibroblasts, im-
mune cells, endothelial cells, infiltrating inflammatory
cells and a variety of associated tissue components.

(1, 2) The association between cancer and its stromal
microenvironment, and the importance of this asso-
ciation in cancer progression and spread, have been
recognized for a long time. (1, 3-7) Collagen is the
main component of extracellular matrix (ECM) sur-
rounding solid tumors, and structural changes of col-
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lagen fibers such as alterations in orientation at the
tumor boundary may facilitate the invasion of tumor
cells. (8) Structural changes of collagen in tumor tissue
have been found to correlate with a poor prognosis in
human breast cancer. (9)

Cancer-associated fibroblasts (CAFs) are a group
of cells associated with TME. There is substantial data
on the role CAFs play in promoting tumor progres-
sion. (4) CAFs are a heterogeneous group, and a sub-
set expresses smooth muscle actin (SMA) while others
have been shown to express podoplanin (D2-40), p53,
CD10, fibroblast activation protein, matrix metallo-
proteinases, tenascin-C and platelet-derived growth
factor (PDGFR), desmin, SI00A4 and Thy-1. (2, 4)

Macrophages that infiltrate and surround the tu-
mor nests are defined as tumor-associated macrophag-
es (TAMs). (10) TAMs are major constituents of TME
and are characterized by expression of the CD68 cell
surface marker. (11) They release several growth fac-
tors, pro-angiogenic factors, proteases and cytokines,
and also interact with neoplastic cells, therefore con-
tributing to cancer initiation and progression. (6, 12)
CD68 positive TAMs in tumor stroma have been
demonstrated to be associated with poor prognosis in
various types of tumors. (6, 13-20)

In this study, we aimed to evaluate the immuno-
histochemical staining features of CD68, SMA and
D2-40, three biomarkers associated with TME, in
tumor stroma with and without abundant collagenous

features in CNBS taken from early stage breast carci-
nomas (stage [A-IB-ITA-IIB-IIIA cancers).

Material and Methods

The Hematoxylin-Eosin (H&E) stained sections
of CNBS of cases with invasive breast carcinoma sub-
mitted to our department during a one-year period
were retrospectively reviewed in terms of accompany-
ing abundant collagenous stroma. Among 117 cases,
abundant collagenous stroma accompanying the tumor
was present in 21 cases. Patients with early stage breast
carcinomas (stage IA-IB-IIA-IIB-IITA) from these
21 cases were included in the study. All cases had sub-
sequent surgical excision materials in our department.
Twenty-one consecutive early stage invasive breast

carcinoma cases without abundant collagenous stroma
diagnosed within the same time period were used as
the control group.

Nuclear and histologic grades and staining re-
sults for estrogen receptor (ER), progesterone receptor
(PR) and CerbB2 were noted for all cases. Immuno-
histochemical stains for D2-40, SMA and CD68 were
applied in all 29 cases with early stage breast carci-
noma (8 cases with and 21 cases without abundant col-
lagenous stroma). The immunohistochemical stainings
in tumor stroma were evaluated at low power (x10)
and the results were noted semiquantitatively as ‘nega-
tive-0’, ‘weak-1’, ‘moderate-2’ or ‘strong-3’. The Pear-
son Chi-square test was used for the comparison of the
immunohistochemical staining results.

Immunohistochemical assays were performed on
5-pum-thick formalin-fixed paraffin-embedded sec-
tions. Assays for CD68 (clone KP1 mouse monoclo-
nal, 1/250 dilution, Cell Marque), SMA (clone 1A4
mouse monoclonal, 1/250 dilution, Cell Marque), and
D2-40/podoplanin (clone D2-40 mouse monoclonal,
1/50 dilution, Cell Marque) were used. Immunohisto-
chemical staining was performed on a Ventana NexES
Automated immunostainer (Ventana Medical Sys-
tems, Inc., Tucson, AZ) with adequate positive and
negative controls. A negative control was carried out
by omission of the primary antibody in each case. All
immunohistochemical stains were evaluated in corre-
lation with H&E stained slides of the cases in order
to avoid misinterpretation resulting from staining of
other cell types, especially granulocyte staining seen
with CD68 (KP1 clone). All patient identifiers were
kept confidential.

Results

Among 117 cases diagnosed as invasive breast
carcinoma in CNBS in one-year period, abundant col-
lagenous stroma accompanying the tumor was present
in 21 cases (17.9%). Among 21 cases with abundant
collagenous stroma, 8 cases were early stage breast
carcinomas. Collagenous tumor stroma has been dem-
onstrated in the surgical excision material and CNBS
in Figure 1 and Figure 2, respectively. Table 1 sum-
marizes the information on age, tumor size, nuclear
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Figure 2. Invasive breast carcinoma with abundant collagenous stroma within core needle biopsy (respectively: H&E x 100, H&E x

100, H&E x 200)

grade, histological grade, presence of lymphovascular
invasion, presence of PASH areas, T category, N cat-
egory and corresponding stage, ER, PR and CerbB2
status and molecular subtype in cases with and without
abundant collagenous stroma.

For the cases with abundant collagenous tumor
stroma, the mean age was 57.3 years (range 45 to
75). Tumor sizes were between 15 mm and 40 mm
(mean=25.1, median=25). Nuclear grade was 2 in five
cases and 3 in three cases. Histologic grade was 2 in six
cases and 3 in two cases. Peritumoral LVI was detect-
ed in the surgical excision material in 7 out of 8 cases
(87.5%). All breast carcinoma cases with abundant col-
lagenous tumoral stroma showed areas of pseudoangi-
omatous stromal hyperplasia (PASH), at least focally,
either in CNBS or in the surgical excision materials. In
terms of T category, three cases were T'1 and five cases

were T2. N category was NO in four cases, N1 in three
cases and N2 in one case. All cases showed positive
immunohistochemical staining for both ER and PR
receptors. There were 6 cases classified as Luminal A
and 2 cases as Luminal B.

For the cases without abundant collagenous tumor
stroma, the mean age of the patients was 60.4 years
(range 33 to 82). Tumor sizes were between 10 mm and
40 mm (mean=22.6, median=22). Nuclear grade was 1
in two cases, 2 in ten cases, and 3 in nine cases. His-
tologic grade was 2 in eleven cases and 3 in ten cases.
Peritumoral LVI was detected in the surgical excision
material in 3 out of 21 cases (14.3%). T category was
T1 in eight cases and T2 in thirteen cases. Regarding N
category, fourteen cases were NO and seven cases were
N1. Approximately half of the cases showed ER/PR ex-

pression. Eleven cases in this group were of the Luminal
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Table 1. Clinicopathological findings of early stage breast carcinoma cases with and without abundant collagenous stroma

Casesw Tm

collagenous Age size® NG HG' LVI PASH T Stage ER(%) PR (%) CerbB2 Molecular

stroma (mm) areas category category (score)  Subtype

stroma stroma

1 59 25 3 2 Neg Pos T2 NO ITIA 80 10-15 3 B

2 75 15 2 2 Pos  Pos Tic Nila ITIA 90 15 3 B

3 45 36 3 3  Pos Pos T2 NO 1A 30 60 0 A

4 59 30 2 2 Pos  Pos T2 Nila 1IB 100 50 0 A

5 62 40 3 3  Pos Pos T2 NO ITIA 90 30 0 A

6 48 25 2 2 Pos Pos T2 NoG+) IIA 75 100 0 A

7 46 15 2 2 Pos  Pos Tic N2a IITA 80 70 0 A

8 65 15 2 2 Pos Pos Tic N1mi 1B 80 70 0 A

Cases w/o Tm

collagenous Age size* NG HG' LVI' ER (%) PR (%) CerbB2 Molecular
(score)  Subtype

stroma (mm)

1 76 20 2 2 Neg Neg Tic NO IA 100 90 0 A

2 67 15 2 2 Neg Neg Tlc Nla ITA 95 80 0 A

3 81 30 3 3 Neg Neg T2 NO IIA 1 TNBC

4 61 35 3 3 Neg Neg T2 NO ITA 0 TNBC

5 54 10 2 2 Pos Neg T1b NO 1A 90 40 0 A

6 82 22 2 2 Neg Neg T2 NO DA 90 5 0 A

7 76 40 2 2 Pos Neg T2 Nila 1IB 100 100 0 A

8 41 11 3 3 Neg Neg T1c NO 1A 1 0 0 TNBC

9 49 23 1 2 Neg Neg T2 N1la 1IB 90 70 0 A

10 52 22 3 3  Neg Neg T2 Nla 11B 0 0 3 HER2

11 50 15 2 2 Neg Neg Tic NO 1A 100 100 0 A

12 33 35 3 3 Neg Neg T2 NO ITIA 0 0 0 TNBC

13 52 10 2 2  Neg Neg T1b N1mi 1B 40 80 0 A

14 61 22 3 3 Neg Neg T2 NO IIA 0 0 0 TNBC

15 77 27 2 2 Pos Neg T2 Nila 1B 70 30 0 A

16 57 25 2 3 Neg Neg T2 NO ITIA 1 TNBC

17 59 20 3 3  Neg Neg Tlc NO IA 0 TNBC

18 45 24 3 3 Neg Neg T2 NO IIA 0 TNBC

19 37 26 1 2 Neg Neg T2 Nia 1B 60 80 0 A

20 79 35 3 3 Neg Neg T2 NOG+) IIA 0 0 0 TNBC

21 80 8 2 2 Neg Neg T1b NO 1A 90 90 0 A

¥ Tm size, Histological grade and the knowledge of LVI were obtained from the surgical excision materials. NG: Nuclear grade, HG: Histo-
logical grade, TNBC: Triple Negative Breast Carcinoma, A: Luminal A, B: Luminal B, HER2: HER2 subtype, pos: positive, neg: negative

A molecular subtype, 9 cases were triple negative, and
1 case was of the HER2 subtype. There were no cases
classified as Luminal B in this group.

Table 2 shows the immunohistochemical stain-
ing results of CD68, D2-40 and SMA in early stage

breast carcinomas with and without abundant collagen-
ous stroma. Figure 3 shows examples of score 0-1-2-
3. CD68 staining density was found to be significantly
lower (p<0.0001) in invasive tumors with abundant col-
lagenous stroma compared to cases without this feature.
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Table 2. Chi-square analysis of CD68, D2-40 and SMA immunohistochemical staining results in early stage breast carcinomas with

and without abundant collagenous stroma

Score (0-1-2-3)

- : - — Total pvalue
0 1 2 3
W abundant collagenous stroma 7 1 0 0
CDé68 <0,0001
W/o abundant collagenous stroma 1 8 4 8
W abundant collagenous stroma With abundant collagenous stroma 4 3 1 0 8
D2-40 0,44
W/o abundant collagenous 6 5 9 1 21
W abundant collagenous stroma 1 2 0 5 8
SMA 0,49
W/o abundant collagenous 1 4 5 11 21
*: number of cases

Moderate-2

Figure 3. Examples for semiquantative evaluation of immunohistochemical stainings for D2-40, SMA and CD68

No significant difference was found in terms of SMA or
D2-40 staining density between the two groups.

Discussion and Conclusion
The association between cancer and tumor micro-

environment which composes primarily of tumor stroma,
fibroblasts and inflammatory cells, and the importance

of this association in cancer progression and spread, have
been recognized for a long time. (1, 3-7) Cancer-associ-
ated fibroblasts are a group of cells associated with TME
and in the light of today’s studies, it is known that these
cells promote tumor progression. (4) Another major ele-
ment of tumor microenvironment are the macrophages
that infiltrate and surround the tumor nests, which are
defined as tumor-associated macrophages (TAMs). (10)
It is also known that collagen is the main component of
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tumor stroma and structural changes of collagen fibers
may facilitate the invasion of tumor cells. (8)

In this study, abundant collagenous tumor stroma
was present in 17.9% (21 out of 117 cases) of invasive
breast carcinoma cases. All breast carcinoma cases with
abundant collagenous tumoral stroma showed PASH
areas, at least focally. Early stage invasive breast carci-
noma with abundant collagenous tumor stroma showed
higher LVI and a lower level of CD68 (+) TAM:s expres-
sion than carcinomas without this stroma. Regarding the
CAFs, no significant differences were found for SMA
and D2-40 staining between the two groups. All cases
with abundant collagenous stroma were positive for ER
and PR hormone receptors (luminal subtype).

The association between cancer and its stromal mi-
croenvironment, and the importance of this association
in cancer progression and spread, have been recognized
for a long time. TME consists of tumor cells and a vari-
ety of noncancerous cells present in the tumor. (2) These
cells, generally referred as stromal elements, include fi-
broblasts, immune cells, endothelial cells, inflammatory
cells, adipocytes, signaling molecules and extracellular
matrix components. (1, 2) Collagen is the principal
structural component of the ECM surrounding tumoral
proliferation. The abundant collagenous stroma can be
detected by microscopic examination and we believe
that this type of tumor stroma could potentially reflect
a specific interaction between the tumor and its stroma.

Brabrand et al. investigated individual fiber straight-
ness and collagen fiber alignment in various regions of
breast carcinoma using second harmonic generation
(SHG) microscopy. (21) They found differences in the
collagen structure between the two tumoral regions (in-
tratumoral and juxtatumoral) and also between collagen
in the tumor and collagen located at a distance. (21) In-
tratumoral collagen fibres were seen to be straightened,
whereas juxtatumoral collagen fibers had a tendency to
realign and run parallel to each other. However, colla-
gen fibers at a distance from the tumor were unaffected.
The authors therefore suggested that the realignment of
collagen structure facilitates the migration of epithelial
tumor cells during the invasion process. (21) Interest-
ingly, no differences were found between the high-grade
and low-grade breast cancers in terms of collagen pat-
tern. In our study, we selected early stage breast carcino-
ma cases that showed invasive carcinoma intermingled

with abundant collagenous stroma and compared them
to cases without this feature as regards the LVI status in
the subsequent excision materials. Peritumoral LVI was
identified in 7 out of 8 (87.5%) cases of invasive breast
carcinoma with abundant collagenous stroma and 3 out
of 21 cases (14.3%) without this stroma. Since all the
cases consisted of early stage breast carcinoma, we be-
lieve that LVI might indicate a preference for dissemi-
nation of the tumors that include abundant collagenous
stroma. In other words, reconstruction of the abundant
collagen bundles may facilitate LVI of the tumor.
Pseudoangiomatous stromal hyperplasia (PASH) is
a common stromal lesion and frequently encountered on
microscopic examination. (22) Microscopically, PASH is
recognized on H&E stained slides by its unique mor-
phology consisting of a network of slit-like channels that
resemble vascular spaces. (23) The lesion can be multi-
centric in 60% of the cases. (24) The frequency of PASH
has been reported as 6.4% to 23% in breast specimens
resected for various conditions, and 24-47% in men with
gynecomastia. (25-27) PASH is mostly detected in as-
sociation with benign breast lesions such as fibroepithe-
lial lesions, gynecomastia and areas adjacent to fat ne-
crosis and inflammation. (22) Malignant breast lesions
associated with PASH such as invasive ductal carcinoma
and lymphoma (diffuse large B-cell lymphoma and fol-
licular lymphoma) have also been identified occasionally.
(22, 28, 29) Although the pathogenesis of this lesion is
still unknown, a proliferative response of myofibroblasts
to hormonal stimuli has been assumed. (30)
Tumor-associated macrophages, defined as mac-
rophages that infiltrate and surround the tumor nests,
have been demonstrated to be associated with aggressive
tumor behavior and poor prognosis in several studies. (2,
13-15, 31-36) In a recently published meta-analysis of
16 relevant studies, it was concluded that a high density
of TAMs was associated with a poor breast cancer sur-
vival rate, as well as younger patient age, larger tumor
size, high histological grade, negative hormone receptor
status, and higher frequency of vascular invasion. (37)
In the current study, we found that early stage invasive
breast carcinomas with abundant collagenous tumor
stroma had lower density of CD68+ TAMs than carci-
nomas without this feature. In addition, all cases with
abundant collagenous stroma (low density of CD68+
TAM:s) showed hormone receptor positivity and were of
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the luminal phenotype. None of them showed HER2
or triple negative phenotype. This finding was consistent
with the results of the meta-analysis. In contrast, almost
half of the cases without a collagenous stroma had the
triple negative (9 / 21 cases) or HER2 molecular phe-
notype (1/21).

Cancer-associated fibroblasts (CAFs) are also pre-
sent in the TME. CAFs have been reported to play an
important role in promoting tumor progression. (4)
-SMA is one of the well-known markers expressed by
CAFs. Some studies have reported an increased role of
-SMA in the CAFs of both primary tumors and me-
tastases. (38-40) Mundim et al. have reported that the
-SMA expression levels are similar for breast carcino-
ma-associated fibroblasts of both the primary tumor and
the involved axillary lymph nodes but no expression was
detected in cancer-free lymph nodes. (38) Similarly, Ro-
zenchan et al. found no difference for -SMA expression
between the primary breast carcinoma and its metastatic
axillary lymph nodes. (39) The authors therefore sug-
gested that the fibroblasts continued to be the active
element in the metastases of cancer cells to the lymph
nodes. In another study, elevated levels of CXCL-1, a
chemotactic cytokine, which also overlapped with the
expression levels of -SMA and FSP1 proteins in the
stroma of breast cancer, were found to be correlated with
tumor grade, disease recurrence and decreased patient
survival. (40) There are only a few studies on the pres-
ence of podoplanin-expressing CAFs and its significance
in invasive breast carcinomas. (41, 42) The presence of
podoplanin-expressing CAFs has been found to be as-
sociated with shorter disease-free survival in one study.
(41) Increased expression of podoplanin-expressing
CAFs has also been found to be associated with desmo-
plastic stroma and metastatic sites (specifically bone me-
tastasis) in another study. (42) We found no significant
difference for the expression levels of SMA and D2-40
between the two groups.

In conclusion, the presence of abundant collagen-
ous stroma in the tumor may provide a morphologi-
cal clue regarding the biological behavior of the tumor.
PASH-like areas may coexist within the collagenous
tumoral stroma, at least focally. This type of tumor may
show hormone receptor expression (ER, PR positivity)
and a low level of TAMs, and have a tendency to involve
lymphovascular channels at the early stage of the tumor.
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