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Embryological Evidence Disproving Detectability of Blood Vessels Using D2-40
Noriko KUROBE*
The Japanese Society of Lymphology, Japan

ABSTRACT
This study 1 aimed to elucidate the venous vasculature in human fetuses with 3D Reconstruction of vessel and nerve
localization. Here, it is reported that D2-40 was used as a venous marker, whereas αSMA had been used. D2-40
(PDPN), a lymphatic and mesotheliomal marker, is not expressed in normal blood vessels. It is essential to repeat the
study with correct blood vessel specific markers. This paper reports embryological evidence disproving the
detectability of blood vessels using D2-40 and provides the correct blood vessel specific markers that should be
chosen instead.
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INTRODUCTION
D2-40 is wrong marker to observe venous vessels because D2-40
is the monoclonal antibody to PDPN, a specific marker of
lymphatic endothelium. It has physiological function in the
separation of lymphatic-venous vessels. In the lymphatic vessel
development, lymphatic vessels are separated from venous
vessels, and PDPN expression is necessary for the separation.
D2-40 (PDPN) is positive only in lymphatic vessels because
blood vessels can never express PDPN. On the other hand, there
are some pathophysiological cases which D2-40 (PDPN) is
expressed in blood vessels in patients with cancer. PDPN also
functions as platelet aggrregation-inducing factor, and most
cancers highly express PDPN to utilize platelets for own armor
against immune systems. If the cancer invasion was occurred in
the blood vessels, D2-40 (PDPN) positive cells were shown in the
blood vessels. But in this study, the normal fetuses were used as
samples, so it can not be considered that D2-40 (PDPN) positive
cells are shown in venous vessels. Taking into consideration the
factors mentioned above, there are serious contradictions
because it is impossible to reconstruct 3D venous system with
D2-40 (PDPN).

TEXT
THE CORRECT MARKER SELECTION for
DISTINGUISHING BLOOD and LYMPHATIC
VESSELS
It is important to perform experiments with accurate
identification of venous vessels, and to prevent mistakes due to
the wrong marker selection. Here I present Vessel specific
markers. Various blood vessel markers are known , CD31,
CD34, vWF, αSMA, etc. included. However, most markers well
used as the blood vessel markers are often expressed widely also
on the lymphatic vessels. Thus, it is important to verify the
markers which are truly distinguishable blood vessels, except for
lymphatic vessels. In order to select the high specific markers, I
organize the function and the specificity of each marker protein.

CD31(PECAM-1) (Blood vessel +/ Lymphatic vessel + )
[F] Function: Endothelial cell intracellular adhesion, platelet
aggregation, and leukocyte transendothelial migration
CD31 has an essential role for lumen formation in endothelial
cells via “Cord-Hollowing Mechanism” 2, 3. Therefore CD31 is
well used as endothelial, but one should pay attention to use this
antigen as a blood specific marker. CD31 should be used as a
pan-endothelial marker because it is expressed not only in blood
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vessels, but also in lymphatic vessels to play role for lumen
formation process in both vessels 4.

VEGFR-2 (FLK-1, KDR) (Blood vessel + / Lymphatic
vessel +)

CD34 (Blood vessel + / Lymphatic vessel ± )

[F]: Induction of blood and lymphatic vessel formation

[F]: Endothelial cell intracellular
transendothelial migration

adhesion

and

leukocyte

CD34 is also expressed in endothelial cells and plays an essential
role in lumen formation via “Cord-Hollowing Mechanism”. This
antigen is expressed also in both blood and lymphatic vessels.
However, CD34 expressions are less or none in lymphatic vessels
than blood vessels. This fact can show that CD34 has usability
as a blood vessel marker depending on the tissues, but in
another word, CD 34 does not enough detectability to
distinguish the blood and lymphatic vessels completely. It is
required to select other markers when complete specificity is
required.

vWF (Blood vessel + / Lymphatic vessel ± )
[F]: Hemostasis via binding to factor VIII
vWF has an essential role in coagulation and often in
thrombosis because of the plaque formation in blood vessels.
vWF is regarded as a blood vessel marker because its functions
related to the blood vessels deeply, but weak vWF expression can
be observed also in lymphatic vessels depending on the tissues 5.
vWF should be used as a pan-endothelial marker because it can
be expressed in both blood and lymphatic vessels.

αSMA (ACTA2) (Blood vessel + / Lymphatic vessel–
(Collecting duct +) )
[F]: Muscle smooth cell contraction
αSMA is expressed in the SMCs. αSMA is highly expressed in
all blood vessels because blood vessels including both arterial
and venous vessels are surrounded by SMCs. For this reason,
αSMA is well used as a blood vessel marker. However, αSMA
can be used as a blood vessel marker only when only capillary
lymphatic vessels are included the samples because collecting
lymphatic vessels are surrounded by lymphatic smooth muscle
cells expressing αSMA 6. In these collecting vessels, αSMA
expression can be highly detected also in the lymphatic vessels as
well as the blood vessels 7.

VEGFR-2 has strong functions in the angiogenesis via binding
with VEGF-A, -E, and -F and lymphangiogenesis via binding
with VEGF-C and –D 12. VEGFR-2 is expressed in both blood
and lymphatic vessels, and therefore VEGFR-2 can not be used
for the specific marker to distinguish between blood and
lymphatic vessels.

VEGFR-3 (FLT-4) (Blood vessel +/ Lymphatic vessel +)
[F]: Induction of lymphatic vessel formation
VEGFR-3 has an important function in the lymphangiogenesis
via binding its ligands VEGF-C and – D 12. VEGFR-3 is
expressed only in lymphatic vessels in normal tissues, but in
cancer tissues, VEGFR-3 is expressed in blood vessels weakly not
only
in
lymphatic
vessels
because
cancer-induced
lymphangiogenesis is occurred to the metastasis 13.

Eph B4 (Venous vessel + / Lymphatic vessel ± )
Ephlin B2 (Arterial vessel+/Lymphatic vessel ±)
[F]: Segrgation of artery and vein
Eph B4 and Ephlin B2 have essential roles for vasculogenesis 14.
Tyrosine kinase receptor Eph B4 is expressed in venous
endothelial cells and its transmembrane ligand Ephlin B2 is
expressed in arterial endothelial cells specifically, and these
expressions decide differentiation of venous, arterial vessels and
Eph/Ephlin interaction mediates repulsion and disengagement
to form correct position between each vessel 15. However, Eph
B4 and Ephrin B2 have also an essential role for lymphatic valve
development and be expressed in lymphatic vessels 16, 17, 18.
Therefore, Eph B4 and Ephlin B2 are useful to distinguish the
venous and arterial vessels, but they can not be used as blood
vessel specific marker to distinguish the blood vessel from
lymphatic vessels.

APJ (Venous vessel + / Lymphatic vessel ± )
Apelin (Arterial vessel +/ Lymphatic vessel ±)

VEGFR-1 (Flt-1) (Blood vessel + / Lymphatic vessel +)

[F]: Alignment of artery and vein

[F]: Induction of blood vessel formation

As well as Eph/Ephlin system, APJ/Apelin system also plays
essential roles for vasculogenesis and lymphangiogenesis. These
proteins mediate attraction between venous and arterial vessel in
contrast to Eph/Ephlin system. The correct position between
venous and arterial vessels are regulated by cooperation between
APJ/Apelin and Eph/Ephlin system. It is said that G proteincoupled receptor APJ is expressed in venous endothelial cells
and its ligand Apelin is expressed in arterial endothelial cells.
However, APJ and Apelin are expressed in various tissues widely
rather than venous/arterial vessels specific expression 19. It is
not suitable for use of these proteins as specific markers to
distinguish blood/lymphatic vessels.

VEGFR-1, a receptor of VEGF-A, -B, -F, and Placenta Growth
Factor (PGF), plays an important role as key component for
angiogenesis and lymphangiogenesis 8, 9. Although the function
is thought to suppress the VEGFR-2-induced exceed
angiogenesis to prevent forming the abnormal blood vessels
rather than to stimulate angiogenesis in the embryonic
vasculogenesis 10. VEGFR-1 is expressed in both blood and
lymphatic vessels 11, and therefore VEGFR-1 can be a blood
vessel specific marker showing no positive in lymphatic vessels.
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LYVE-1 (Blood vessel - / Lymphatic vessel +)

PDPN (Blood vessel ± / Lymphatic vessel +)

[F]: Promoting lymphvasculogenesis in the venous vessel

[F]: separation of lymphatic vessel from venous vessel

LYVE-1 has an essential role for early lymphvasculogenesis
through mediating the expression of SOX18 in the
subpopulations of venous endothelial cells, results in stimulating
differentiation potency into the lymphatic endothelial cells.
LYVE-1 is not expressed in blood vessels, therefore this protein
can act as a kind of strongest marker for lymphatic vessels
including the lymphatic endothelial precursor cells in the
venous vessels 20. But one should pay attention to detect the
collecting lymphatic vessels because LYVE-1 is attenuated to
negative expression in the collecting vessels in contrast to the
positive expression in the capillaries 21.

PDPN functions as a platelet-aggregation inducing factor and
has an essential role for the final stage of lymphvasculogenesis
via mediating separation of the lymphatic endothelial cells from
the venous vessel. In normal tissues, PDPN is highly expressed
in lymphatic vessels but no expressions are observed in blood
vessels, therefore PDPN can be used as one of the strongest
lymphatic vessel specific markers. However, one should pay
attention in pathological tissues because the metastasis tumor
expresses PDPN to aggregate platelet surrounding itself to
prevent the attack from the immune system, so PDPN
expressions can be detected in the wide tissues 23. Or in another
case, inflammatory disease skin such as eczema or psoriasis
expresses PDPN also in blood vessels 24. As mentioned above,
PDPN is expressed in these pathological tissues besides
lymphatic vessels, therefore PDPN can be used as a lymphatic
vessel specific marker only in normal tissues.

Prox-1 (Blood vessel - / Lymphatic vessel +)
[F]: Promoting lymphvasculogenesis in venous vessel
Prox-1 has an essential role for differentiation from LYVE-1expressed lymphatic endothelial precursor cells into lymphatic
endothelial cells. Prox-1 expression is stimulated by cooperation
between SOX-18 and COUP-TFII. Prox-1 is expressed highly in
lymphatic endothelial cells but not in blood vessels, therefore
Prox-1 can be used as one of the strongest lymphatic vessel
specific markers 22.
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For LYVE-1, Prox-1, PDPN , the word "lymphvasculogenesis":
(sprouting from the vein), was intentionally used here.
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Société Anatomique de Paris (Program and PPT),
29 juin 2012

3

Noriko KUROBE

Figure 1: Program (J.F.Uhl, 2012)
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Figure 2(a): PPT (J.F. Uhl, 2012)

Figure 2(b): PPT (J.F.Uhl , 2012)
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Figure 2(c): PPT (J.F. Uhl , 2012)
PPT as well as Program was made by J.F. Uhl, without the consent or
knowledge of Kurobe and Claude Gillot. Kurobe rejected the
presentation because of the wrong methodology. Because of the
absence of Uhl without notice, on that day, Kurobe was forced to make
a speech and began to explain his wrong IHC marker selection, when
Prof. Vincent Delmas (Director of the fac), cried « Stop.That’s all. »

CF : αSMA, 1F222 (Kurobe, 2011)

Claude Gillot
He was only Prof. who could understand the wrong
Methodology of Uhl. He said. « Uhl made a serious mistake.
There is responsability on the side of Univ. » (09.2015). He
decided to become Supervisor of Kurobe and ordered to submit
one article on Hunter ’ s Canal( HC) to J. Phlebology. He
provided over 50 photos : Cross-Section through the middle
third of the thigh ; human adult, for that. His lecture was
suddenly discontinued because of his open-heart operation.
Prof. Claude Gillot: ex-President of Société Anatomique de
Paris
Directeur de Dissection
Centre du Don des Corps, 6ème étage
45 rue des Saints-Pères
75006 Paris
Personal instruction in HC: officially recognized by the faculty
of Anatomy
09.2015-03.2016, (16 :00-18 :00) every Friday

CONCLUSION

D2-40, 1F223 (Kurobe, 2011)

Anat Physiol, Vol.10 Iss.4 No:324

D2-40 can not be used to detect the venous vessels. This study
contains a significant error in methodology. I claim that the
correct methodology to detect the venous vessels, should be
performed with the correct marker combination which include
the pan-endothelial marker e.g. CD31, lymphatic vessel marker
e.g. LYVE-1, Prox-1, or PDPN, and venous vessel marker e.g.
Eph B4. In this combination, the venous vessels can be detected,
as CD31+ / LYVE-1-, Prox-1-, or PDPN- / Eph B4+. In many
6
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journals 26, 27, 28, 29 , J.F. Uhl introduces this study « Figure 2 (a)
(b) (c) », with the expression of αSMA :1F222. This is not the
first report which observed the venous system of normal human
fetus with D2-40. I request J.F.Uhl to retract these paper
immediately and present the venous system accurately after
performing the experiments again using an accurate marker
specific to venous vessels. D2-40 is inappropriate for 3D
Reconstruction and observation of the venous system.

12. Rauniyar K, Jha SK, Jeltsch M. Biology of vascular endothelial
13.

14.
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