
Abstract. Background: Podoplanin, a small mucin-type
transmembrane protein has been shown in several studies to
be expressed in cancer-associated fibroblasts (CAFs) and
affect patient outcome. Materials and Methods: We evaluated
podoplanin expression in CAFs in a cohort of 257 patients
with invasive ductal breast carcinomas (IDCs) using three
different assessment scales based on the number of positive
cells alone or in combination with the reaction intensity.
Results: Two of the utilized scales yielded prognostic
information concerning patients’ overall survival (OS), but
scores were not independent prognostic factors in the
multivariate analysis. On the contrary, two scales based on the
combination of cell positivity and reaction intensity had no
significant impact on patients’ OS, but they were significantly
correlated with a greater number of analysed
clinicopathological parameters. Conclusion: In summary,
podoplanin expression in CAFs may be considered a possible
marker of poor prognosis in IDC, however, caution should be
taken as the results varied regarding the utilized scales.

Podoplanin is an O-glycosylated transmembrane glycoprotein,
known also under many different synonyms (D2-40, gp38,
T1α, PA.A26, gp36, Aggrus, and M2A). Podoplanin was first-
identified as a marker of lymphangiogenesis due to its
expression in lymphatic vessel endothelium (1-10). Podoplanin
expression in different malignancies was intensively
investigated in numerous studies (1, 7, 9, 11-16). Moreover, in
some of the analysed tumours podoplanin expression was also
noted in cancer stroma in cells identified as cancer-associated
fibroblasts (CAFs) (17-25).

Recent reports indicate that CAFs and their crosstalk with
cancer cells may contribute to cancer cell invasion and
metastasis (26, 27). CAFs were shown to have distinct gene
expression and properties different from that of normal
fibroblasts (28). Moreover, CAFs were shown to secrete
numerous proteins such as stromal derived growth factor-1
(SDF-1), matrix metalloproteinase-1 (MMP-1), matrix
metalloproteinase-3 (MMP-3) and therefore to promote tumour
growth, recruitment of endothelial progenitor cells, cancer cell
invasion and migration (29-31).

In contrast to normal breast stroma, where podoplanin
expression was not present in fibroblasts, only in myoepithelial
cells, CAFs of invasive ductal breast carcinoma (IDC) express
this glycoprotein widely (17, 25, 32). However, details
regarding the molecular mechanisms underlying podoplanin
induction in CAFs or their origin in cancerous stroma of
different malignancies remain scarce. α-Smooth muscle actin
(αSMA) is regarded as a marker of CAFs, although recent
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studies have brought new insights into the heterogeneity of
CAFs of tumour stroma and no reliable single marker may be
implied as accurately defining a CAF (33-35). In the study of
Ito et al., the tumour-promoting potential of lung
adenocarcinoma cell line A549 by podoplanin-positive
fibroblasts was shown to be mediated by enhanced Ras
homolog gene family, member A (RhoA) activity (36).

Recently, podoplanin expression in CAFs was identified as a
marker of poor prognosis of IDC (17, 25). Podoplanin-positive
CAFs were shown to have differential impact on patient
survival dependent on the analysed tumour type (17-25).
However, in these studies, different assessment scales were
used. Therefore the results of some studies may be difficult to
compare and the different scales used for assessment may have
impact on the final results, as seen in studies comparing
methods for proliferation markers and vascularity assessment
(37, 38). These may have a critical impact on future studies
concerning utilization of stromal markers in clinical studies
based on the expression of various proteins in the tumour
stroma. Thus, the aim of this study was the comparison of the
recently used scales of immunohistochemical (IHC) expression
of studied antigens regarding their correlation with
clinicopathological data and prognostic significance in a series
of IDC to determine the most eligible method for cancer
stroma assessment.

Materials and Methods

Patients and tumours. In this study 257 tissue specimens of IDC
sampled before treatment initiation from patients operated on at the
Lower Silesian Oncology Center in Wroclaw and the Maria
Sklodowska-Curie Memorial Institute in Krakow in 1999-2006 were
used. The clinical and pathological data were obtained from the archives
of both hospitals (Table I). The mean patient age at diagnosis was
57.5±11.57 (range: 30-84) years. In the follow-up period, patients were
observed for 63.21±38.54 (1-141) months. In this time, 55 (21.4%)
patients died of their disease and 89 (34.6%) had local or systemic
recurrence. All the patients were treated by mastectomy or conservative
quadrantectomy followed by axillary lymph node resection. Adjuvant
systemic chemotherapy was administered to 227 (88.3%) women.
Postoperative tamoxifen therapy was given to 164 (63.8%) patients and
126 (49.0%) women underwent post-surgical radiotherapy.

Tissue samples were fixed in 10% buffered formalin, dehydratated
and embedded in paraffin. Haematoxylin and eosin-stained (H&E)
preparations were made to verify the diagnosis and to assess the grade
of malignancy according to Elston and Ellis by two independent
pathologists (39).

IHC. IHC was conducted as described previously (17). Briefly, IHC
was performed on 4-μm-thick paraffin sections. Target Retrieval
Solution, pH 9 (97˚C, 20 min) and a PT Link Rinse Station were used
to de-paraffinize the sections and retrieve the antigens. The sections
were then washed in TBS/0.05% Tween buffer. Endogenous
peroxidase was blocked using EnVision FLEX Peroxidase-Blocking
Reagent (incubation 5 min at room temperature, RT). Subsequently,
the sections were then washed in TBS/0.05% Tween and primary
antibodies directed against podoplanin (D2-40; ready-to-use), Ki-67

(MIB-1; 1:100), oestrogen receptor (ER, clone 1D5; 1:100),
progesterone receptor (PR, clone 636; 1:100) were applied and
incubated at RT for 20 min in an automated staining platform (Link48
Autostainer) to ensure repeatable reaction conditions. After washing
the sections in TBS/0.05% Tween, EnVision FLEX/horseradisch
peroxidase (HRP) secondary antibodies were applied (20 min at RT).
Sections were then washed in TBS/0.05% Tween and EnVision FLEX
the substrate for peroxidase, diaminobenzidine, was applied and the
sections were incubated for 10 min at RT. Finally, the sections were
counterstained with Mayer’s haematoxylin, dehydrated in alcohol
(70%, 96%, 99.8%) and xylene and then mounted using SUB-X
Mounting Medium. 

Human epidermal growth factor receptor 2 (HER2) expression was
examined using a HercepTest™ kit, following the procedure
recommended by the manufacturer. In cases of equivocal IHC results
(+2) HER2 FISH pharmDx™ Kit was utilized to determine the HER2
amplification status. All the antibodies, reagents and equipment were
obtained from Dako Cytomation (Glostrup, Denmark).

Negative controls were performed by omitting the primary antibody,
whereas tumour sections known to have high expression of the analysed
marker were used as positive control. Podoplanin expression in
lymphatic vessel endothelium served as an internal control.
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Table I. Patients’ and tumour characteristics.

Parameter Number %

Age
≤50 years 72 28.0
>50 years 185 72.0

Menopausal status
Pre- 85 33.1
Post- 172 66.9

Tumour size
T1 126 49.0
T2 114 44.4
T3 13 5.0
T4 4 1.6

Lymph nodes
Negative 103 40.1
Positive 154 59.1

Grade
G1 20 7.8
G2 147 57.2
G3 90 35.0

ER
Positive 185 66.9
Negative 72 33.1

PR
Positive 162 63.0
Negative 95 37.0

HER2
Positive 44 17.1
Negative 213 82.9

Ki-67
≤25% 166 64.6
>25% 91 35.4

ER, Estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor-2.



Analysis of IHC section. The IHC sections were evaluated under a
BX-41 light microscope (Olympus, Tokyo, Japan) independently
by two pathologists who were blinded to the patients’ clinical data.
In doubtful cases a re-evaluation was performed using a double-
headed microscope and the staining was discussed until a
consensus was achieved. For podoplanin expression assessment in
CAFs, three different scales utilised previously in the literature
were used. All the scales described herein are based on semi-
quantitative assessment of podoplanin expression in the tumour
stroma, which for the purpose of this study, was defined as the
tumour area between tumour nests with a margin not exceeding 1
mm outside the tumour invasive front (Table II). As the results of
earlier studies have shown that podoplanin is expressed by CAFs,
identified upon coexpression of αSMA and vimentin, but not in the
stroma of benign tissues and non-transformed stroma, an
assumption for this study was made that podoplanin expression
noted in the tumour stromal area defined above was exclusively
restricted to CAFs (17, 20, 25). Although podoplanin is also
expressed in breast myoepithelial cells and lymphatic vessels, these
structures are easy distinguishable from podoplanin-positive CAFs
due to the high cellular density and weak cellular delineation of the
latter (17).

The first method considered was a three-grade system
introduced by Kawase et al. which was also used in our previous
work (17, 20). In this method, the sections are regarded as negative
(grade 0) when the ratio of podoplanin-positive stromal area to
overall stromal area, observed under ×100 magnification, is less or
equal to 10%. Sections are classified as positive when podoplanin
expression is found in 11-50% (grade 1) or 51-100% (grade 2) of
the tumour stroma.

The second scale was used by Yamanashi et al. (21). The authors
regarded podoplanin expression as positive when the staining intensity
noted in CAFs was equal to or stronger than that seen in the lymphatic
endothelium. When the reaction intensity was weaker or absent, the
staining was considered as negative. When positive staining was noted
in 30% or more of the overall tumour stromal area, the case was
considered positive (group A, positive), whereas cases with positive
podoplanin staining in less than 30% of the overall tumour stromal
area were scored negative (group B, negative).

As the third assessment scale, the semi-quantitative immunoreactive
score (IRS) method of Remmele and Stegner was utilized, which has
been successfully used for scoring expression of markers in neoplastic
cells (40, 41). The scale was originally based on the percentage of
positive cells showing reaction in the whole section and the intensity
of the colour reaction, therefore similar to that used by Kitano et al.
(19). For our purposes, the percentage of positive cells was defined as
the podoplanin-positive stromal area relative to the overall stromal area
in the whole-tissue section as mentioned above (Table II). The scale
ranges from 0-12 points, where 0 denotes absence of reaction, 1-2
corresponds to weak reaction, 3-4 to moderate reaction and 6-12 to a
pronounced, strong reaction. For the purpose of this study, two cut-off
points, IRS 0-2 denoted as weak expression and IRS 0-4 denoting
cases with weak and moderate expression, based on statistical analysis
and the character of the two other employed scales were utilized.

The Ki-67 antigen was evaluated semi-quantitavely in whole-tissue
sections according to tumour cell positivity and encoded as follows:
0, 0% cells stained; 1, 1-10% cells stained; 2, 11-25% cells stained;
3, 26-50% cells stained; and 4, 51-100% cells stained. Similarly, for
ER and PR expression assessment, a semi-quantitative four-grade
scoring system based on tumour cell positivity was utilized: 0, 0%

Pula et al: Stroma Assessments Methods

1449

Table II. Modification of the semi-quantitative immunoreactive score (IRS) scale of Remmele and Stegner for assessment of tumour stroma (40). In
each case the IRS was calculated by multiplying the score for the positive area (0-4) and that for the intensity of the colour reaction (0-3), yielding
a final score of 0 to 12 (Σ=A×B). The scale of Kawase et al. and Yamanashi et al. are also summarized below.

Modified IRS

A (area) B (intensity)

0, No positive area 0, No colour reaction 
1, Up to 10% of positive area 1, Low colour intensity 
2, 11% to 50% of positive area 2, Reaction colour of moderate intensity 
3, 51% to 80% of positive area 3, Intense reaction colour
4, >80% of positive area

Scale of Kawase et al. (20)

0 (Negative) 1 (Positive) 2 (Positive)
Podoplanin-positive stromal Podoplanin-positive stromal Podoplanin-positive stromal 
area/overall stromal area, area/overall stromal area, area/overall stromal area, 
×100 magnification ≤10% ×100 magnification 11-50% ×100 magnification >51%

Scale of Yamanashi et al. (21)

Negative (Group B) Positive (Group A)

Staining intensity in tumour is less than that Staining intensity in tumour is equal to 
seen in the lymphatic endothelium in <30% or stronger than that seen in the lymphatic 
of overall stromal area endothelium in ≥30% of overall stromal area



cells stained; 1, 1-10% cells stained; 2, 11-50% cells stained; 3, 51-
100% cells stained. ER and PR sections scoring 1 and higher were
regarded as positive according to the criteria of the 11th St. Gallen
conference (42).

Statistical analysis. The statistical analysis was performed using the
Prism 5.0 and Statistica 10.0 software (GraphPad, La Jolla, CA, USA
and StatSoft, Krakow, Poland, respectively). Correlations between
clinicopathological parameters and expression of the studied markers
were analysed by Fisher’s exact test. The Mann-Whitney U-test was
used to compare the groups of data that failed to satisfy the
assumptions of the parametric test. Correlations between the scores of
the examined assessment scales were tested using Spearman’s
correlation test. Significance of differences of the overall survival (OS)
and event free survival (EFS) times were determined by the Mantel-
Cox log-rank test. Multivariate analysis was performed using the Cox
proportional hazards model. For each variable, the hazard ratio and
95% confidence interval (95% CI) were estimated. In all the analyses,
results were considered statistically significant when p<0.05.

Results

According to the scale of Kawase et al., 60 (23.3%) cases were
scored as negative, whereas 67 (26.1%) were scored as grade 1
and 130 (50.6%) were scored as grade 2 (20). Using the scale
of Yamanashi et al., 118 (45.9%) cases were regarded as
negative (group B) and 139 (54.1%) were regarded as positive
(group A) (21). Using the modified IRS, 82 (31.9%) cases
showed weak podoplanin expression (IRS 0-2), 41 (15.9%)
showed moderate expression (IRS 3-4), whereas in 134
(52.2%) cases, strong podoplanin expression was noted (Figure
1). When the non-categorized scores were analysed using
Spearman’s correlation test, strong positive correlations
between all the scores of the utilized assessment scales were
noted (Table III).

Fisher’s exact test was utilized to analyse the significance of
podoplanin expression using the different assessment scales
(Table IV). For all the employed scales, higher podoplanin
expression in CAFs was significantly associated with higher
grade of malignancy and high proliferation rate of cancer cells
measured by the expression of Ki-67 antigen. Different results
for the scales were found regarding associations with primary
tumour size, ER, HER2 and Ki-67 expression (Table IV).
Higher (IRS 6-12) podoplanin expression in CAFs was
associated with larger primary tumour size (p=0.0340), ER-
negativity (p<0.0008), PR-negativity (p=0.0382) and HER2-
positivity (p=0.0482). When weak (IRS 0-2 vs. 3-12)
podoplanin expression in CAFs was used as the cut-off point,
no association with PR expression status was noted. However,
podoplanin positivity (IRS 3-12) was significantly associated
with larger primary tumour size (p=0.0077), ER-negativity
(p=0.0043) and HER2-positivity (p=0.0337). Cases regarded
as positive according to scale of Yamanashi et al. were
characterized by ER-negativity and HER2-positivity (p=0.0054
and p=0.0076, respectively). Borderline significant correlations
with patients’ pathological data were found, as cases
characterized by podoplanin expression in CAFs were shown
to be associated with larger primary tumour sizes (p=0.0052).
No associations were noted with patient age, menopausal status
and presence of lymph node metastases.
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Figure 1. Examples of podoplanin expression in cancer-assoviated
fibroblasts of invasive ductal breast carcinoma presenting different
expression intensities: weak (A), moderate (B) and strong (C).



Univariate analysis revealed that podoplanin-positive cases
according to the binomial scale of Yamanashi et al. were
characterized by significantly shorter patient OS (p=0.0411;
Figure 2) and EFS (p=0.0255). In addition, podoplanin-
positive cases by the scale of Kawase et al. had shorter OS
as compared to podoplanin-negative cases (p=0.0355; Figure
2). No significant impact on patient OS and EFS was noted
when patients survival was analysed with regard to both cut-
off points of the IRS. Of note, borderline significantly shorter
EFS was noted for cases scoring IRS 6-12 (p=0.0538), as

compared to cases scoring IRS 0-4 (Table V). From the
analysed clinical and pathological factors, the presence of
lymph node metastases and G3 grade were also associated
with poor OS (p=0.0272 and p=0.0116, respectively).
Higher Ki-67 antigen expression and G3 malignancy were
significantly associated with shorter EFS (p=0.0099 and
p=0.0089, respectively).

Factors showing significant impact on patients’ OS were
entered in the multivariate analysis using the Cox proportional
hazard model. Two separate analyses were performed. In the
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Table III. Correlations between the different assessment scales used in the study. Significant p-values are given in bold.

Assessment scale Scale of Kawase et al. (20) IRS stroma scale Scale of Yamanashi et al. (21)

Scale of Kawase et al. r=0.84, p<0.0001 r=0.89, p<0.0001
IRS stroma scale r=0.85, p<0.0001
Scale of Yamanashi et al.

Table IV. Correlations between podoplanin (D2-40) expression by cancer-associated fibroblasts and clinicopathological characteristics in patients
with invasive ductal carcinoma of the breast. Significant p-values are given in bold.

Characteristic No. Scale of p-Value IRS stroma score, p-Value IRS stroma score, p-Value Scale of p-Value
Kawase et al., n (%) n (%) Yamanashi et al., 

n (%) n (%)

Neg. Pos. 0-2 3-12 0-4 6-12 Neg. Pos.

Age
≤50 72 19 (26.4) 53 (73.6) 0.5124 25 (34.7) 47 (65.3) 0.5542 40 (55.5) 32 (45.5) 0.1289 40 (55.5) 32 (45.5) 0.0696
>50 185 41 (22.2) 144 (77.8) 57 (30.8) 128 (69.2) 83 (44.9)102 (55.1) 78 (42.2) 107 (57.8)

Menopausal status
Pre 85 20 (23.5) 65 (76.5) 1.0000 27 (31.8) 58 (68.2) 1.0000 45 (52.9) 40 (47.1) 0.2889 45 (52.9) 40 (47.1) 0.1432
Post 172 65 (37.8) 132 (62.2) 55 (29.7) 117 (70.3) 78 (45.3) 94 (54.7) 73 (42.4) 99 (57.6)

Tumour size
T1 126 39 (30.9) 87 (69.1) 0.0052 50 (39.7) 76 (61.3) 0.0077 69 (54.8) 57 (45.2) 0.0340 65 (51.6) 61 (48.4) 0.0806
T2-T4 131 21 (16.0) 110 (84.0) 31 (23.7) 100 (76.3) 54 (41.2) 77 (58.8) 53 (40.5) 78 (59.5)

Lymph nodes
Negative 103 26 (25.2) 77 (74.8) 0.6520 34 (33.0) 69 (77.0) 0.7857 51 (49.5) 52 (50.5) 0.7032 45 (43.7) 73 (56.3) 0.6101
Positive 154 34 (25.3) 120 (74.7) 48 (31.2) 106 (68.8) 72 (46.8) 82 (53.2) 73 (47.4) 81 (52.6)

Grade
G1, G2 167 50 (42.7) 117 (57.3) 0.0006 68 (40.7) 99 (59.3) <0.0001 95 (56.8) 62 (43.2) <0.0001 89 (53.3) 29 (46.7) 0.0016
G3 90 10 (11.1) 80 (88.9) 14 (15.5) 76 (84.5) 72 (80.0) 28 (20.0) 78 (86.7) 61 (13.3)

ER
Positive 185 47 (34.1) 138 (65.9) 0.2517 68 (36.7) 117 (63.3) 0.0043 101 (54.6) 84 (45.4) 0.0008 95 (51.2) 90 (48.8) 0.0054
Negative 72 13 (18.1) 59 (81.9) 13 (18.1) 59 (71.9) 22 (30.5) 50 (69.5) 23 (31.9) 49 (68.1)

PR
Positive 162 39 (24.1) 123 (75.9) 0.7618 57 (35.2) 105 (64.8) 0.1661 86 (53.1) 76 (46.9) 0.0382 81 (50.0) 81 (50.0) 0.0932
Negative 95 21 (22.1) 74 (77.9) 25 (26.3) 70 (73.7) 37 (38.9) 58 (61.1) 37 (38.9) 58 (61.1)

HER2
Positive 44 6 (13.6) 38 (86.4) 0.1176 8 (18.1) 36 (81.9) 0.0337 15 (34.1) 29 (65.9) 0.0482 12 (27.3) 36 (72.7) 0.0076
Negative 213 54 (25.3) 159 (74.7) 74 (34.7) 139 (65.3) 108 (50.1)105 (49.9) 106 (49.7) 107 (50.3)

Ki-67
≤25% 166 50 (30.1) 116 (69.9) 0.0004 69 (41.6) 97 (58.4) <0.0001 95 (57.2) 71 (42.8) <0.0001 92 (55.4) 74 (44.6) <0.0001
>25% 91 10 (10.9) 81 (89.1) 13 (14.3) 78 (85.7) 28 (30.7) 63 (69.3) 26 (28.6) 65 (71.4)

IRS, Immunoreactive score; Neg., negative; Pos., positive; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor-2.



first multivariate analysis podoplanin expression according to
Kawase et al., presence of lymph node metastases and
malignancy grade were entered into the statistical model,
whereas in the second model, the scale of Kawase et al. was
replaced with the scale of Yamanashi et al. (Table VI).
Multivariate analysis revealed that only G3 malignancy grade
was an independent prognostic factor of poor prognosis in both
analyses (Table VI).

Discussion

We and Schoppmann et al. have recently shown that
podoplanin expression in CAFs of IDC is an unfavorable
marker of poor prognosis (17, 25). Similar results for non-small
cell lung cancer, breast cancer and intra-hepatic carcinoma
were obtained by other research groups, whereas podoplanin
expression in CAFs of colorectal carcinoma was associated
with longer survival (18-21, 23, 24). Moreover, podoplanin
expression in CAFs of cervical cancer did not yield any
prognostic significance (22). In these studies, different
assessment scales were used for podoplanin quantification in

the tumour stroma, therefore we analysed its expression on a
subset of IDC cases using three different assessment methods.
Currently, to our knowledge no consensus concerning
cancerous stroma assessment methods exists. Highly-
significant correlations observed between the scores obtained
using the scales should produce comparable results regarding
patient clinicopathological factors and survival, but as shown
by the results of this study, the statistical analysis revealed
differences among the utilized scales. Of note, strong
correlations between the scores obtained using different scales
should be analysed with caution, as the scale of Yamanashi et
al. in such analyses may provide only approximate results due
to its binomial values entered in the analysis.

In the current, as well as in previous work of our group, we
have shown that the scale first introduced by Kawase et al. in
the study of 177 lung adenocarcinoma cases, yielded
prognostic impact as compared to the IRS for stroma (17, 20).
Unfortunately, the results of this study showed that by using
such a scoring approach, little information concerning possible
correlations with other clinicopathological data may be
obtained, as podoplanin expression in CAFs was only found to
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Figure 2. Kaplan-Meier survival curves based on podoplanin assessment in the tumour stroma according to Kawase et al. (20) (A), Yamanashi et al.
(21) (B) and immunoreactive score  (C, D).



be significantly associated with larger primary tumour size, G3
malignancy and higher cancer cell proliferation.

Although the modified IRS for stroma did not reveal any
significant differences in patient survival, it produced the most
significant associations with patient clinicopathological factors
(primary tumour size, malignancy grade, ER, PR, HER2 and
Ki-67 antigen expression status) when the cut-off point was set
between the moderate (IRS 0-4) and strong (IRS 6-12)
expression. A scale very similar to the presented IRS for stroma
was utilized by Kitano et al. (19). In this study, the authors
found that 29% of IDC cases expressed podoplanin in CAFs,
whereas using a comparable cut-off point for positivity, we
noted strong podoplanin expression in 52.2% of the examined
cases. Such a discrepancy may be caused not only by the cut-
off point itself, but also by intra-observer variability and type of
section (whole-tissue sections or tissue microarray) which were
assessed. In contrast to our study, Kitano et al. assessed
podoplanin not in whole-tissue sections, but in 2-mm tissue
microarray punches (19).

This cut-off point of the IRS for stroma (weak and moderate
vs. strong expression) in our opinion reflects more the scale
utilized by Yamanashi et al., which, as described earlier,

divided the study cohort based on the reaction intensity and
area of cells showing podoplanin expression into positive cases
and negative cases (showing no or weak podoplanin
expression) (21). Of note, this approach seems to be the most
strict of the scales tested in this study. Similarly to the scale
introduced by Kawase et al., it showed prognostic impact
regarding patient OS (20, 21).

In our research, we did not directly compare the assessment
scales used on whole-tissue sections of lung adenocarcinoma
and intrahepatic carcinoma or tissue microarray of cervical
uterine carcinoma, as in our opinion, the scale of Kawase et al.
and the IRS for  stroma (IRS 0-2 vs. 3-12) may produce
comparable results (18, 22, 23). Nevertheless, we found the
IRS for stroma superior to that used by Kawase et al., and the
three studies using the 10% cut-off value for positivity, as it not
only took into account the percentage of positive cells with
colour reaction, but also the reaction intensity itself. Moreover,
due to its linearity of its values this renders the IRS for stroma
most useful, when one compares the expression of the studied
antigen in cancer cells and CAFs simultaneously, as both these
cell types may be successfully assessed using such an approach
(40, 41). Comparisons between these cell types seem to be
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Table V. Univariate survival analysis in 257 patients with invascive ductal breast carcinoma. Significant p-values are given in bold.

Clinicopathological parameter Overall survival Event-free survival

HR 95% CI p-Value HR 95% CI p-Value

Kawase et al. (Pos. vs. Neg.) (20) 1.929 1.046-3.560 0.0355 0.3233 0.7860-2.075 0.3233
CAF IRS (0-2 vs. 3-12) 1.558 0.8885-2.734 0.1217 1.245 0.7944-1.950 0.3396
CAF IRS (0-4 vs. 6-12) 1.571 0.9229-2.674 0.0960 1.521 0.9932-2.331 0.0538
Yamanashi et al. (Pos. vs. Neg.) (21) 1.739 1.023-2.955 0.0411 1.623 1.623-2.483 0.0255
Age (≤50 yrs. vs. >50 yrs.) 1.082 0.6097-1.921 0.7871 1.180 0.7433-1.874 0.4822
Menopausal status (Pre vs. Post) 1.131 0.6544-1.955 0.6588 1.035 0.6664-1.607 0.8785
Tumour size (T1 vs. T2-4) 1.460 0.8581-2.483 0.1629 1.300 0.8453-1.999 0.2323
Lymph nodes (Pos. vs. Neg.) 1.863 1.072-3.235 0.0272 1.344 0.8660-2.087 0.1872
Grade (G1,G2 vs. G3) 2.107 1.181-3.760 0.0116 1.868 1.169-2.985 0.0089
Ki-67 (≤25% vs. >25%) 1.700 0.9562-3.022 0.0707 1.837 1.157-2.916 0.0099

HR, Hazard ratio; CI, confidence interval; IRS, immunoreactive score; Neg., negative; Pos., positive; CAF, cancer-associated fibroblasts.

Table VI. Multivariate Cox proportional hazard survival analysis in 257 patients with invasive ductal breast carcinoma. Significant p-values are
given in bold.

Clinicopathological parameter Overall survival – Kawase et al. (20) Overall survival – Yamanashi et al. (21)

HR 95% CI p-Value HR 95% CI p-Value

Kawase et al. (Pos. vs. Neg.) 0.6434 0.2184-1.894 0.4236 --- --- ---
Yamanashi et al. (Pos. vs. Neg.) --- --- --- 0.8430 0.3288-2.161 0.7223
Lymph nodes (Pos. vs. Neg.) 2.1113 0.694-6.420 0.1878 2.0798 0.6838-6.325 0.0418
Grade (G1,G2 vs. G3) 2.6574 1.009-6.997 0.0478 2.4716 0.9635-6.3404 0.0029

HR, Hazard ratio; CI, confidence interval; IRS, immunoreactive score; Neg., negative; Pos., positive.



more problematic using the scale of Yamanashi et al., as
difficulties may occur in setting a cut-off point for the reaction
intensity observed in both cell types (21). This may limit the
usefulness of this scale for clinical trials based on assessment
of stromal markers other than podoplanin stained sections such
as tenascin-C or α-SMA, as no internal positive control could
be defined (43, 44).

Although, this study has revealed differences in patient
outcome and associations with clinical and pathological
parameters, caution should be exercised as all of the utilized
scales are semi-quantitative and do not involve auxiliary
equipment (e.g. computer-assisted image analysis) for the
assessment of tumour stroma. Moreover, it seems that IDC is
the most easily assessable tumour because podoplanin
expression in tumour cells is rarely noted (17, 25).
Additionally, podoplanin expression in myoepithelial cells and
lymphatic endothelial cells may be distinguished due to their
distinct morphology. Moreover, the proportion of these cells
does not exceed 10%. Therefore, it seems that interference of
these cell types in the stromal assessment may be, in our
opinion, regarded as marginal.

In summary, we have shown, we believe for the first time,
that different approaches for evaluation of podoplanin
expression in CAFs may yield significant differences
concerning patients’ clinical outcomes. These may cause
difficulties in comparison of studies dealing with expression of
markers in the stromal compartment of different malignancies.
Therefore a consensus regarding scales utilized for stromal
marker quantification should be achieved, to minimize the
differences among such studies and better-identify potential
targets and cut-off points for use in future anticancer therapies.

Conflicts of Interest

The Authors have no conflict of interest to declare.

Acknowledgements

The Authors thank Mrs Teresa Klepuszewszka, Ms Aleksandra Jethon,
Mrs Aleksandra Piotrowska for their technical support. 

This article is part of the "Wrovasc-Integrated Cardiovascular
Centre" project, co-financed by the European Regional Development
Fund, within the Innovative Economy Operational Program, 2007-2013.

References

1 Breiteneder-Geleff S, Soleiman A, Kowalski H, Horvat R, Amann
G, Kriehuber E, Diem K, Weninger W, Tschachler E, Alitalo K and
Kerjaschki D: Angiosarcomas express mixed endothelial phenotypes
of blood and lymphatic capillaries: podoplanin as a specific marker
for lymphatic endothelium. Am J Pathol 154: 385-394, 1999. 

2 Farr AG, Berry ML, Kim A, Nelson AJ, Welch MP and Aruffo A:
Characterization and cloning of a novel glycoprotein expressed by
stromal cells in T-dependent areas of peripheral lymphoid tissues.
J Exp Med 176: 1477-1482, 1992. 

3 Gandarillas A, Scholl FG, Benito N, Gamallo C and Quintanilla
M: Induction of PA2.26, a cell-surface antigen expressed by active
fibroblasts, in mouse epidermal keratinocytes during
carcinogenesis. Mol Carcinog 20: 10-18, 1997. 

4 Zimmer G, Oeffner F, Von Messling V, Tschernig T, Groness HJ,
Klenk HD and Herrler G: Cloning and characterization of gp36, a
human mucin-type glycoprotein preferentially expressed in
vascular endothelium. Biochem J 341(Pt 2): 277-284, 1999. 

5 Kato Y, Fujita N, Kunita A, Sato S, Kaneko M, Osawa M and
Tsuruo T: Molecular identification of Aggrus/T1alpha as a platelet
aggregation-inducing factor expressed in colorectal tumors. J Biol
Chem 278: 51599-51605, 2003. 

6 Schacht V, Ramirez MI, Hong YK, Hirakawa S, Feng D, Harvey
N, Williams M, Dvorak AM, Dvorak HF, Oliver G and Detmar
M: T1α/Podoplanin deficiency disrupts normal lymphatic
vasculature formation and causes lymphedema. EMBO J 22:
3546-3556, 2003. 

7 Schacht V, Dadras SS, Johnson LA, Jackson DG, Hong Y-K and
Detmar M: Up-regulation of the lymphatic marker podoplanin, a
mucin-type transmembrane glycoprotein, in human squamous
cell carcinomas and germ cell tumors. Am J Pathol 166: 913-
921, 2005. 

8 Sonne SB, Herlihy AS, Hoei-Hansen CE, Nielsen JE, Almstrup K,
Skakkebaek NE, Marks A, Leffers H and Rajpert-De Meyts E:
Identity of M2A (D2-40) antigen and GP36 (Aggrus, T1A-2,
podoplanin) in human developing testis, testicular carcinoma in situ
and germ-cell tumours. Virchows Arch 449: 200-206, 2006. 

9 Martin-Villar E, Scholl FG, Gamallo C, Yurrita MM, Munoz-
Guerra M, Cruces J and Quintanilla M: Characterization of human
PA2.26 antigen (T1α-2, podoplanin), a small membrane mucin
induced in oral squamous cell carcinomas. Int J Cancer 113: 899-
910, 2005. 

10 Kashima TG, Dongre A, Flanagan AM, Hogendoorn PC, Taylor R
and Athanasou NA: Podoplanin expression in adamantinoma of
long bones and osteofibrous dysplasia. Virchows Arch 459: 41-46,
2011. 

11 Wicki A, Lehembre F, Wick N, Hantusch B, Kerjaschki D and
Christofori G: Tumor invasion in the absence of epithelial-
mesenchymal transition: Podoplanin-mediated remodeling of the
actin cytoskeleton. Cancer Cell 9: 261-272, 2006. 

12 Mishima K, Kato Y, Kaneko MK, Nishikawa R, Hirose T and
Matsutani M: Increased expression of podoplanin in malignant
astrocytic tumors as a novel molecular marker of malignant
progression. Acta Neuropathol 111: 483-488, 2006. 

13 Kadota K, Huang CL, Liu D, Nakashima N, Yokomise H, Ueno M
and Haba R: The clinical significance of the tumor cell D2-40
immunoreactivity in non-small cell lung cancer. Lung Cancer 70:
88-93, 2010. 

14 Kreppel M, Scheer M, Drebber U, Ritter L and Zoller JE: Impact
of podoplanin expression in oral squamous cell carcinoma: Clinical
and histopathologic correlations. Virchows Arch 456: 473-482,
2010. 

15 Rahadiani N, Ikeda J, Makino T, Tian T, Qiu Y, Mamat S, Wang Y,
Doki Y, Aozasa K and Morii E: Tumorigenic role of podoplanin in
esophageal squamous-cell carcinoma. Ann Surg Oncol 17: 1311-
1323, 2010. 

16 Rodrigo JP, Garcia-Carracedo D, Gonzalez MV, Mancebo G,
Fresno MF and Garcia-Pedrero J: Podoplanin expression in the
development and progression of laryngeal squamous cell
carcinomas. Mol Cancer 9: 48, 2010. 

ANTICANCER RESEARCH 33: 1447-1456 (2013)

1454



17 Pula B, Jethon A, Piotrowska A, Gomulkiewicz A, Owczarek T,
Calik J, Wojnar A, Witkiewicz W, Rys J, Ugorski M, Dziegiel P
and Podhorska-Okolow M: Podoplanin expression by cancer-
associated fibroblasts predicts poor outcome in invasive ductal
breast carcinoma. Histopathology 59: 1249-1260, 2011. 

18 Ito M, Ishii G, Nagai K, Maeda R, Nakano Y and Ochiai A:
Prognostic impact of cancer-associated stromal cells in stage I
lung adenocarcinoma patients. Chest 2012. 

19 Kitano H, Kageyama S, Hewitt SM, Hayashi R, Doki Y, Ozaki Y,
Fujino S, Takikita M, Kubo H and Fukuoka J: Podoplanin
expression in cancerous stroma induces lymphangiogenesis and
predicts lymphatic spread and patient survival. Arch Pathol Lab
Med 134: 1520-1527, 2010. 

20 Kawase A, Ishii G, Nagai K, Ito T, Nagano T, Murata Y, Hishida
T, Nishimura M, Yoshida J, Suzuki K and Ochiai A: Podoplanin
expression by cancer associated fibroblasts predicts poor
prognosis of lung adenocarcinoma. Int J Cancer 123: 1053-1059,
2008. 

21 Yamanashi T, Nakanishi Y, Fujii G, Akishima-Fukasawa Y,
Moriya Y, Kanai Y, Watanabe M and Hirohashi S: Podoplanin
expression identified in stromal fibroblasts as a favorable
prognostic marker in patients with colorectal carcinoma.
Oncology 77: 53-62, 2009. 

22 Carvalho FM, Zaganelli FL, Almeida BG, Goes JC, Baracat EC
and Carvalho JP: Prognostic value of podoplanin expression in
intratumoral stroma and neoplastic cells of uterine cervical
carcinomas. Clinics 65: 1279-1283, 2010. 

23 Aishima S, Nishihara Y, Iguchi T, Taguchi K, Taketomi A,
Maehara Y and Tsuneyoshi M: Lymphatic spread is related to
VEGF-C expression and D2-40-positive myofibroblasts in
intrahepatic cholangiocarcinoma. Mod Pathol 21: 256-264, 2008. 

24 Hoshino A, Ishii G, Ito T, Aoyagi K, Ohtaki Y, Nagai K, Sasaki
H and Ochiai A: Podoplanin-positive fibroblasts enhance lung
adenocarcinoma tumor formation: Podoplanin in fibroblast
functions for tumor progression. Cancer Res 71: 4769-4779, 2011. 

25 Schoppmann SF, Berghoff A, Dinhof C, Jakesz R, Gnant M,
Dubsky P, Jesch B, Heinzl H and Birner P: Podoplanin-expressing
cancer-associated fibroblasts are associated with poor prognosis
in invasive breast cancer. Breast Cancer Res Treat 2012. 

26 Liotta LA and Kohn EC: The microenvironment of the tumour-
host interface. Nature 411: 375-379, 2001. 

27 Hanahan D and Weinberg RA: Hallmarks of cancer: The next
generation. Cell 144: 646-674, 2011. 

28 Allinen M, Beroukhim R, Cai L, Brennan C, Lahti-Domenici J,
Huang H, Porter D, Hu M, Chin L, Richardson A, Schnitt S,
Sellers WR and Polyak K: Molecular characterization of the tumor
microenvironment in breast cancer. Cancer Cell 6: 17-32, 2004. 

29 Orimo A, Gupta PB, Sgroi DC, Arenzana-Seisdedos F, Delaunay
T, Naeem R, Carey VJ, Richardson AL and Weinberg RA:
Stromal fibroblasts present in invasive human breast carcinomas
promote tumor growth and angiogenesis through elevated SDF-
1/CXCL12 secretion. Cell 121: 335-348, 2005. 

30 Boire A, Covic L, Agarwal A, Jacques S, Sherifi S and
Kuliopulos A: PAR1 is a matrix metalloprotease-1 receptor that
promotes invasion and tumorigenesis of breast cancer cells. Cell
120: 303-313, 2005. 

31 Sternlicht MD, Lochter A, Sympson CJ, Huey B, Rougier JP,
Gray JW, Pinkel D, Bissell MJ and Werb Z: The stromal proteinase
MMP3/stromelysin-1 promotes mammary carcinogenesis. Cell 98:
137-146, 1999. 

32 Kanner WA, Galgano MT and Atkins KA: Podoplanin expression
in basal and myoepithelial cells: Utility and potential pitfalls. Appl
Immunohistochem Mol Morphol 18: 226-230, 2010. 

33 Sugimoto H, Mundel TM, Kieran MW and Kalluri R:
Identification of fibroblast heterogeneity in the tumor
microenvironment. Cancer Biol Ther 5: 1640-1646, 2006. 

34 Zeisberg EM, Potenta S, Xie L, Zeisberg M and Kalluri R:
Discovery of endothelial to mesenchymal transition as a source for
carcinoma-associated fibroblasts. Cancer Res 67: 10123-10128,
2007. 

35 Allen M and Louise Jones J: Jekyll and Hyde: The role of the
microenvironment on the progression of cancer. J Pathol 223: 162-
176, 2011. 

36 Ito S, Ishii G, Hoshino A, Hashimoto H, Neri S, Kuwata T, Higashi
M, Nagai K and Ochiai A: Tumor promoting effect of podoplanin-
positive fibroblasts is mediated by enhanced RhoA activity.
Biochem Biophys Res Commun 422: 194-199, 2012. 

37 Dhakal HP, Bassarova A, Naume B, Synnestvedt M, Borgen E,
Kaaresen R, Schlichting E, Wiedswang G, Giercksky KE and
Nesland JM: Breast carcinoma vascularity: A comparison of
manual microvessel count and Chalkley count. Histol Histopathol
24: 1049-1059, 2009. 

38 Mohammed ZM, McMillan DC, Elsberger B, Going JJ, Orange C,
Mallon E, Doughty JC and Edwards J: Comparison of visual and
automated assessment of Ki-67 proliferative activity and their
impact on outcome in primary operable invasive ductal breast
cancer. Br J Cancer 106: 383-388, 2012. 

39 Elston CW and Ellis IO: Pathological prognostic factors in breast
cancer. I. The value of histological grade in breast cancer:
experience from a large study with long-term follow-up.
Histopathology 19: 403-410, 1991. 

40 Remmele W and Stegner HE: Recommendation for uniform
definition of an immunoreactive score (IRS) for
immunohistochemical estrogen receptor detection (ER-ICA) in
breast cancer tissue. Pathologe 8: 138-140, 1987 (in German). 

41 Szelachowska J, Dziegiel P, Jelen-Krzeszewska J, Jelen M,
Tarkowski R, Wlodarska I, Spytkowska B, Gisterek I, Matkowski
R and Kornafel J: Prognostic significance of nuclear and
cytoplasmic expression of metallothioneins as related to
proliferative activity in squamous cell carcinomas of oral cavity.
Histol Histopathol 23: 843-851, 2008. 

42 Goldhirsch A, Ingle JN, Gelber RD, Coates AS, Thurlimann B,
Senn HJ and Panel M: Thresholds for therapies: Highlights of the
St. Gallen International Expert Consensus on the primary therapy
of early breast cancer 2009. Ann Oncol 20: 1319-1329, 2009. 

43 Schoppmann SF, Jesch B, Riegler MF, Maroske F, Schwameis K,
Jomrich G and Birner P: Podoplanin expressing cancer associated
fibroblasts are associated with unfavourable prognosis in
adenocarcinoma of the esophagus. Clin Exp Metastasis 2012. 

44 Kalluri R and Zeisberg M: Fibroblasts in cancer. Nat Rev Cancer 6:
392-401, 2006. 

Received February 7, 2013
Revised March 15, 2013

Accepted March 15, 2013

Pula et al: Stroma Assessments Methods

1455


