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PMab-241 Specifically Detects Bear Podoplanin
of Lymphatic Endothelial Cells in the Lung of Brown Bear

Junko Takei,1 Shinji Yamada,1 Satoru Konnai,2,3 Tsuyoshi Ishinazaka,4 Michito Shimozuru,5

Mika K. Kaneko,1 and Yukinari Kato1,6

Podoplanin (PDPN)/T1alpha is utilized as a specific marker of lymphatic endothelial cells or type I alveolar
cells of lung. Therefore, sensitive and specific monoclonal antibodies (mAbs) detecting PDPN are necessary for
immunohistochemical analyses, especially using formalin-fixed paraffin-embedded tissues. Recently, we de-
veloped an anti-bear PDPN (bPDPN) mAb, PMab-247, which is useful for immunohistochemical analyses to
detect both lymphatic endothelial cells and type I alveolar cells of lung. However, it is difficult to distinguish
lymphatic endothelial cells from type I alveolar cells in the bear lung. In this study, we showed that a novel anti-
bPDPN mAb, PMab-241 stained only lymphatic endothelial cells, not type I alveolar cells of the lung in
immunohistochemical analyses. These findings suggest that PMab-241 could be useful for staining lymphatic
endothelial cells specifically in the bear lung tissues.
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Introduction

P odoplanin (PDPN) is a type I transmembrane sia-
loglycoprotein,(1) and is also known as T1alpha (2)/gp44

(3)/Aggrus,(4) which induces platelet aggregation (PLAG)
through C-type lectin-like receptor-2 (CLEC-2).(5,6) The si-
alic acid of the PLAG-stimulating domain or the PLAG-like
domain of PDPN is known to be important for PDPN-induced
PLAG.(7,8)

PDPN is expressed in several normal cells, including
pulmonary type I alveolar cells and lymphatic endothelial
cells of every organ.(1) PDPN is used to distinguish lymphatic
endothelial cells from vascular endothelial cells in patho-
physiological studies.(9) However, PDPN is expressed in both
type I alveolar cells and lymphatic endothelial cells in the
lung; therefore, it might be difficult to distinguish lymphatic
endothelial cells from type I alveolar cells in the lung tissues.

Materials and Methods

Cell lines

CHO-K1 was obtained from the American Type Culture
Collection (ATCC; Manassas, VA). CHO/bear PDPN (bPDPN)

was previously established.(10) CHO-K1 and CHO/bPDPN
were cultured in a Roswell Park Memorial Institute (RPMI)
1640 medium (Nacalai Tesque, Inc., Kyoto, Japan), supple-
mented with 10% of heat-inactivated fetal bovine serum
(Thermo Fisher Scientific, Inc., Waltham, MA), 100 U/mL
of penicillin, 100 mg/mL of streptomycin, and 25mg/mL of
amphotericin B (Nacalai Tesque, Inc.). The cells were grown
in an incubator at 37�C with humidity and 5% CO2 and 95%
air atmosphere.

Flow cytometry

The cells were harvested after a brief exposure to 0.25%
trypsin and 1 mM ethylenediaminetetraacetic acid (Nacalai
Tesque, Inc.). The cells were washed with 0.1% bovine serum
albumin in phosphate-buffered saline (PBS) and treated with
primary monoclonal antibodies (mAbs) for 30 minutes at
4�C. Thereafter, the cells were treated with Alexa Fluor 488-
conjugated anti-mouse IgG (1:2000; Cell Signaling Tech-
nology, Inc., Danvers, MA). Then, fluorescence data were
collected using the SA3800 Cell Analyzer (Sony Corp., Tokyo,
Japan).
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FIG. 1. Detection of bPDPN by flow cytometry using PMab-241. CHO/bPDPN and CHO-K1 were treated with PMab-241
(red line) at a concentration of 1mg/mL or 0.1% bovine serum albumin in phosphate-buffered saline (gray) for 30 minutes,
followed by incubation with secondary antibodies. bPDPN, bear podoplanin.

FIG. 2. Immunohistochemical analyses for the bear lung. The bear lung sections were incubated with 1 mg/mL of PMab-
241 (A–C), PMab-247 (D–F) or with blocking buffer (G–I), followed by that with the Envision+ Kit. (J– L) Hematoxylin
and eosin staining. Scale bar = 100mm. Red arrows indicate lymphatic endothelial cells.
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Immunohistochemical analyses

Four brown bear (Ursus arctos) tissues were collected after
autopsy at Shiretoko Nature Foundation, fixed in 10%
neutral-buffered formalin, and routinely processed to make
paraffin-embedded tissue sections. Histological sections (4-mm
thick) were directly autoclaved in citrate buffer (pH 6.0;
Nichirei Biosciences, Inc., Tokyo, Japan) for 20 minutes.
Then, sections were blocked using the SuperBlock T20 (PBS)
Blocking Buffer (Thermo Fisher Scientific, Inc.), incubated
with PMab-241 or PMab-247 (1mg/mL) for 1 hour at room
temperature, and treated with the Envision+ Kit for mouse
(Agilent Technologies, Inc., Santa Clara, CA) for 30 minutes.
Color was developed using 3,3¢-diaminobenzidine tetra-
hydrochloride (Agilent Technologies, Inc.) for 2 minutes,
and counterstaining was performed using hematoxylin (FU-
JIFILM Wako Pure Chemical Corporation, Osaka, Japan).

Results and Discussion

Although we have already established an anti-bPDPN
mAb (PMab-247), which is sensitive and specific for im-
munohistochemical analyses,(10) it is difficult to distinguish
lymphatic endothelial cells from type I alveolar cells in the
bear lung using PMab-247.(11) In this study, we selected a
novel anti-bPDPN mAb (PMab-241) of IgG2b subclass from
previously established anti-bPDPN mAbs.(10) PMab-241 re-
acted with CHO/bPDPN, not parental CHO-K1 cells in flow
cytometry (Fig. 1).

We performed immunohistochemical analyses against the
bear lungs using two anti-bPDPN mAbs, PMab-241 and
PMab-247. PMab-241 stained lymphatic endothelial cells of
the bear lung (Fig. 2A, C), but not type I alveolar cells
(Fig. 2A, B) although PMab-247 stained both lymphatic en-
dothelial cells (Fig. 2D, F) and type I alveolar cells (Fig. 2D,
E). We stained the lungs from the other three bears using
PMab-241 and PMab-247, and obtained the similar staining
results (Supplementary Figs. S1–S3). These results indicate
that PMab-241 could be a specific marker of lymphatic en-
dothelial cells in the bear lung.
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