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Endothelial Cell Antigens: Section report

TIMOTHY A. SPRINGER and JOJI KITAYAMA

Organization

The Endothelial Cell Section was first included in the Fifth
Workshop because of the growing recognition of the physi-
ological importance of endothelial cell antigens in devel-
opment, host immune responses and maintenance of
homeostasis. Furthermore, many endothelial cell antigens
are shared with platelets, which have had a Section in the
Workshop for some time, and many endothelial surface
molecules interact with surface molecules on leucocytes.
In the last Workshop chaired by John Harlan, three new
CDs, CD105 (endoglin), CD106 (VCAM-1), and CDw109
were assigned. A total of 57 monoclonal antibodies (mAb)
was studied. We recruited a total of 126 mAb, and targeted
ten different well-characterized endothelial cell antigens as
“pre-CDs” (Tables 1 and 2). Eight new CDs were assigned.
Five different mAb Panels were studied: an Endothelial
Blind Panel, a CD105 Panel, a CD106 Panel, a CDw109
Panel, and a tissue factor (CD142) Panel.

Since there is little tradition in the endothelial cell com-
munity of participation in the leucocyte Workshop, sub-
missions were actively recruited. Letters were sent to 151
experts in the field of endothelial cell biology for sugges-
tions on Blind Panel antibodies, target antigens, and con-
tributing laboratories, and to ask for participation in the
Workshop. Theé literature was searched for mAb to en-
dothelial surface molecules. Letters soliciting donation of
mAb were sent to 153 mAb producers with the “Antibody
Submission Form” in April 1995. Some laboratories sent
the “Antibody Submission Form” to the Endothelial Cell
Workshop Committee in response to advertisements and
mailings from the Central Workshop Committee. Finally, 95
mAb were accepted in July 1995. The donors of the mAb
were sent screw cap conical 0.15-ml tubes (USA Scientific)
and 1Y, in. X % in. labels (Lion Labels, South Easton, MA)
with Workshop codes and asked to divide in equal aliquots
of 15 ml of ascitic fluid with a titer > 1:1000 or 15 ml of 1
mg/purified mAb/ml. A total of 93 mAb (two mAb were

Table1 Endothelial Panels

Panel NewCD Chair mAb
Endothelial Timothy Springer ~ EC001-EC097

Panel .

CD105 Michelle Letarte EC101-EC109
CD106 Walter Newman EC111-EC112
CDw109 CD109 Robert Sutherland EC121-EC128
Tissue factor CD142  James Morrissey EC131-EC142

Table2 Working Groups

Working Group NewCD Leader

CDw90 (Thy-1) CD90 Rachael Clark

PDGEF receptor o CD140a Charles Hart

PDGEF receptor 8 CD140b Charles Hart

Thrombomodulin CD141  Phil Bird

Angiotensin-converting CD143  Sergei Danilov

enzyme

VE-cadherin CD144 Elisabetta Dejana

S-ENDO/Muc 18 CD146 Frangoise Dignat-George,
David Simmons

Neurothelin/basigin CD147 Hannes Stockinger

P-glycoprotein Isamu Sugawara

MECA-79 Ellen Berg

PDGE platelet-derived growth factor.

withdrawn) were submitted to the Endothelial Cell Panel
by October 1995. The Panel included 10 reference mAb and
83 mAb reported to react with previously unclustered or
unknown surface molecules.

The Endothelial Cell Blind Panel antibodies were dis-
tributed to 48 laboratories for evaluation in November
1995, and an additional 30 sets of mAb were contributed to
the Central Blind Panel. Two mAb (E096 (5G9), E097 (8C7))
were additionally accepted and submitted after the distrib-
ution of Endothelial Cell Panels, which were sent to the
Central Blind Panel study. All mAb were sent blinded with
information on species and subclass of each mAb. Fluores-
cein isothiocyanate (FITC)-anti murine IgG (courtesy of
Caltag Inc.) and calibration beads (courtesy of Flow Cy-
tometry Standards Inc.) were provided so that the flow re-
sults could be standardized. The Chairs of the CDI105,
CD106, CDW109, and tissue factor (CD142) Panels distrib-
uted mADb in the same way.

The results of flow cytometric, immunoprecipitation,
immunohistochemical, transfectant, and other studies are
summarized in the following chapters. The CD Chairs
(Table 1) and working group leaders (Table 2) used trans-
fectants, recombinant molecules, or purified molecules to
test all mADb in the Workshop on the antigen specificity for
which they were responsible. By combined efforts, the
specificity of most mAb could be assigned. The character-
istics of antibodies are summarized in order of Workshop
code (Table 3) and specificity (see Kitayama and Springer,
EC5, Table 1). The important contributions of the antibody
submitters and evaluators are gratefully acknowledged in
Table 4.
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694 Part 8 Endothelial Cell Antigens

Table3 Antibodies in the Endothelial Cell Section

Workshop mAb
Code Clone Name Donor Species Isotype Other WS Code* Characterization Reference
E001 MouseIgM  Coulter Corp. Mouse M Control antibody
E002 Mouse IgGl  Coulter Corp. Mouse Gl Control antibody
E003 V21 Clark Mouse G2a CD31
E004 581 Gaudernack Mouse Glk V:M027 CD34
E005 H18/7 Kawahara Mouse G2a V:BP212, E049, S045 CD62E (E-selectin) [1)
E006 Gl McEver Mouse Gl V:E018, P057, BP200 CD62P (P-selectin) [2]
E007 21-43 Francis Mouse Gl von Willebrand factor [3]
E008 44G4 Letarte Mouse Gl VI:BP222, BP270 CD105 (endoglin)
E009 2G7 Newman Mouse Gl V1:BP223 CD106 (VCAM-1) [4]
E010 8A3 Sutherland Mouse G2« VI:BP224 CD109 [5,6]
EO11 11B1.G4 Ashman Mouse G2a VI:BP225, N-L071, P048 CD151 (PETA-3)
E012 14A2.H1 Ashman Mouse Gl V:BP312, E017, P005, CD151 (PETA-3) (7-9]
VI:P049
EO13 1A4 Bird Mouse Glk VI:BP226 CD141 (thrombomodulin) [10-12]
E014 Syl2 Bovin Mouse G VI:BP227 Unique [13]
E015 67A4 Biithring Mouse Gl E-cadherin
E016 HTF1-7B8 Carson Mouse Glk CD142 (tissue factor) [14]
E017 M72 Clark Mouse M VI:BP244, A125 CD13?
E018 7Z1 Clark Mouse M VI:BP245 Unique
E019 V34 Clark Mouse M VI:BP246 Unknown glycolipid
E020 BV9 Dejana Mouse G2a CD144 (VE-cadherin) [15,16]
E021 BV6 Dejana Mouse G2a VI:BP228 CD144 (VE-cadherin) [16,17]
E022 16A1 Biihring Mouse Gl CD140a (PDGFR-a)
E023 28D4 Biihring Mouse G2a CD140b (PDGFR-B)
E024 BU96 Hardie Mouse G2b VI:B038, BP247 Peripheral myelin protein PMP-22
E025 TMmAb20 Ishii Mouse Gl CD141 (thrombomodulin) [18]
E026 104-9 Jalkanen Rat Gl Weak reactivity
E027 10G7 Koch Mouse G3 V:BP226, M11, VI:BP248 Negative [19-21]}
E028 8H2 Koch Mouse Gl VI:BP249 CD39-like (19-21]
E029 8D7 Koch Mouse Gl V:BP211, E029, E048, M13, Unique [19,20,
VI:BP250 22-25]
E030 4A1ll Koch Mouse M V:BP205, E030, E031, F102, Lewis¥ [26-28]
VI:BP251, A101
E031 alpha-R1 LaRochelle Mouse G2a VI:BP229 CD140a (PDGFR-a) [29,30]
E032 VI-C7 Muller Mouse Gl VI:BP230 CD142 (tissue factor) [31-33]
E033 hecl Muller Mouse G2a CD144 (VE-cadherin) [34]
E034 HTF-K108 Nakamura Mouse Glk CD142 (tissue factor) [35]
E035 HTF-K180 Nakamura Mouse Glk CD142 (tissue factor) [36]
E036 7E9 Paulie Mouse G3 VI:BP252 CDw145 [37-39]
E037 P7A5 Paulie Mouse G2a VI:BP253 CDwl45 [40]
E038 B148.4 Perussia Mouse Gl VI:BP254 CD93? [41]
E039 LIA1/14 Sénchez-Madrid Mouse Gl VI:BP255 CD93?
E040 SN12 Seon Mouse Gl VI:BP256 Similar to A115, A124,
MGC-24-like
E041 MRK16 Sugawara Mouse G2a VI:BP231 P-glycoprotein [42]
E042 TEA 1/31 van Agthoven Mouse Glk CD144 (VE-cadherin) [43]
E043 B-B2 Vermot-Desroches Mouse G2b VI:BP232 CD138 (syndecan-1)
EO44 B-B4 Vermot-Desroches Mouse Gl VI:BP233 CD138 (syndecan-1)
E045 KA-4 Aoki Mouse G CD141 (thrombomodulin) [44-46]

Continued on next page




Table 3— Continued

Endothelial Cell Antigens 695

Workshop mAb

m Donor Species Isotype Other WS Code* Characterization Reference

E046 5E10 Lansdorp Mouse Gl CD90 (Thy-1)

E047 MECA-79 Butcher Rat M VI:BP546 Peripheral node addressin [47,48]

E048 PNAdJG-1 Butcher Rat G VI:BP547 Peripheral node addressin

E049 RB8 Butcher Mouse G VI:BP257 Unique

E050 RB10 Butcher Mouse G CD31

E051 RBI11 Butcher Mouse G VI:BP258 Like P-50, A103

E053 JG2 Butcher Rat G VI:BP549 VAP-1

E054 V45 Clark Mouse Gl VI:BP234 CD90 (Thy-1)

E055 BNH-9 Delsol Mouse M V:A139, VI:BP259, N-L003 Htypel +H&Y type 2 blood [49-51]
group

E056 BNF-13 Delsol Mouse G2a VI:BP260 Htypel + H&Y type 2 blood [49]
group

E057 F4-35H7 Dignat-George Mouse Gl VI:BP235, Al11 CD146 (S-ENDO/Muc 18) [52-54]

E058 F439E Dignat-George Mouse Gl VI:A113 CD146 (S-ENDO/Muc 18) [562-54]

E059 F432G-3 Dignat-George Mouse Gl VI:A112 CD146 (S-ENDO/Muc 18) [52-54]

E060 RF3 Hirano Mouse G2a VI:BP236, N-L117 CD157 (BST-1) [55=57]

E061 BEC7 Hirano Mouse Gl VI:N-L118 CD157 (BST-1)

E062 AAAl Knapp Mouse G1 VI:BP237 CD147 (basigin/neurothelin) [58,59]

E063 23/5F6 Knapp Mouse G2a CD109

E064 39/6C3 Knapp Mouse Gl CD109

E065 541/10B2 Knapp Mouse G1 CD146 (S-ENDO/Muc 18)

E066 541/2E5 Knapp Mouse Gl CD146 (S-ENDO/Muc 18)

E067 0OJ79 Simmons Mouse Gl CD146 (S-ENDO/Muc 18)

E068 0J91 Simmons Mouse Gl CD146 (S-ENDO/Muc 18)

E070 38.13 Wiels Rat M IV:B5,V:CD77.1, VI:BP548  CD772 [60-62]

E071 64C7 Cass Mouse G VI:BP236 (Glut-1)t [63]

E072 C3 Kumar Mouse G VI:BP262 CD49c¢?

E073 CLE6 Kumar Mouse G VI:BP263 ?

E074 CLE-1 Kumar Mouse G VI:BP264 ?

E075 CLE-4 Kumar Mouse G CD105 (endoglin)

E076 Moon-1 Malavasi Mouse Gl CD31

E077 TEA1/34 Sénchez-Madrid Mouse G2a CD146 (S-ENDO/Muc 18)

E078 TEA1/8 Sénchez-Madrid Mouse G2a VI:BP265 CD13?

E079 TEA2/16 Sédnchez-Madrid Mouse Gl VI:BP266 CD109

E080 TEA2/5 Sénchez-Madrid Mouse Gl VI:BP267 Similar to 6T-047, 6T-105

E081 B-K4 Vermot-Desroches Mouse Gl VI:BP268 CD13?

E082 10H4 David Mouse Unique

E083 65D4 Cass Mouse G VI:BP269 (Glut-1)t

E084 9B9 Danilov Mouse Gl VI:BP239 CD143 (angiotensin conv. enz.) [64-66]

E085 i2H5 Danilov Mouse Gl CD143 (angiotensin conv. enz.) [64,65]

E086 3A5 Danilov Mouse Gl CD143 (angiotensin conv. enz.) [64,65]

E087 IG9 Berman Mouse G3 CD62-E (E-selectin) [67]

E088 F430C-5 Dignat-George Mouse G2a VI:A025 CD105 (endoglin) [52]

E089 PR7212 Hart Mouse Gl VI:BP240 CD140b (PDGFRB) [68,69]

E090 PR292 Bowen-Pope Mouse Gl CD140a (PDGFRa) [70]

E091 C4A9.2.3 Klickstein Mouse M " V:E057 ?

E092 55-7H1 Gamble Mouse Gl CD144 (VE-cadherin)

3093 C219 McCabe Mouse G2a P-glycoprotein

3094 4E3 Arceci Mouse G2a P-glycoprotein [71)

Continued on next page



6Y6 Part 8 bndotnenal Len Alugens

Table3 Antibodies in the Endothelial Cell Section— Continued

Workshop mAb
Code Clone Name Donor Species Isotype Other WS Code* Characterization Reference
E095 JSB-1 Scheper Mouse Gl VI:BP241 P-glycoprotein [72]
E096 5G9 Bernfield Mouse G2a VI:BP242 (Syndecan-4)t
E097 8C7 Bernfield Mouse Gl VI:BP243 (Syndecan-4)¥
E101 K22-2H7 Boyd Mouse Gl CD105 (endoglin)
E102 43A3 Biihring Mouse Gl CD105 (endoglin)
E104 IMMU-40.19 Hirn Mouse M CD105 (endoglin)
E105 TEA3/17 Sanchez-Madrid Mouse CD105 (endoglin)
E106 F430C-5 Dignat-George Mouse G2a VI:E088,A025 CD105 (endoglin) [52]
E107 29-G8 Rokhlin Mouse Mk CD105 (endoglin) (73]
E108 SN6 Seon Mouse Gl CD105 (endoglin) [74-76]
E109 SN6h Seon Mouse Gl CD105 (endoglin) [74,76]
E1l1l Hu8/4 Cybulsky Mouse Gl CD106 (VCAM-1)
E112 51-10C3 Vadas Mouse Glk CD106 (VCAM-1)
E121 D2 Finberg Mouse Gl CD109 [77]
E122 LDAl Suciu-Foca Mouse G CD109 (78]
E123 7D1 Sutherland Mouse Glk CD109 [5,6]
E124 40B8 Biihring Mouse Gl V:BP175 and C023 CD109
E125 1B3 Bernstein Mouse CD109
E126 59D6 Biihring Mouse M CD109
E127 8Al Sutherland Mouse Gl CD109
E128 7C5 Sutherland Mouse Gl CD109
E131 MTFH-1 Morrissey Mouse Gl CD142 (tissue factor)
E132 TF9-5B7 Morrissey Mouse Gl ) CD142 (tissue factor) [79]
E133 TF9-10H10  Morrissey Mouse Gl CD142 (tissue factor) [79]
E134 HTF-K4 Nakamura Mouse Gl CD142 (tissue factor)
E135 HTF-K14 Nakamura Mouse Gl CD142 (tissue factor)
E136 HTF-K108 Nakamura Mouse Gl CD142 (tissue factor)

E137 HTF1-7B8 Carson Mouse Gl CD142 (tissue factor) [80]
E138 TF8-5G9 Edgington Mouse Gl CD142 (tissue factor) [79]
E139 TF10-1D10  Edgington Mouse Gl CD142 (tissue factor)

E140 I1II-D8 Albrecht/Luther Mouse Gl CD142 (tissue factor) (81]
E141 V-D8 Albrecht/Luther Mouse Gl CD142 (tissue factor) [81]
E142 VI-C7 Albrecht/Luther Mouse Gl VI:BP230 CD142 (tissue factor) [81]

*y, Fifth Workshop; V1, Sixth Workshop; BB Blind Panel (note actual Blind Panel codes do not start ‘BP’); VCAM-1, vascular cell adhesion
molecule 1; PETA-3, platelet-endothelial cell tetraspan antigen 3; PDGFR-a/B, platelet-derived growth factor a/f; angiotensin conv. enz.,
angiotensin-converting enzyme.

+(): specificity assigned by donor.
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Endothelial Cell Antigens Blind Panel Analysis

EC5

Endothelial Cell Blind Panel analysis: Overview and summary

JOJI KITAYAMA and TIMOTHY A. SPRINGER

In the Endothelial Cell Blind Panel 93 monoclonal antibod-
ies (mAb) (E001-E095) were studied. Inmunofluorescence
flow cytometry of cultured cells was used to cluster all mAb
in the Endothelial Cell Blind Panel [Kitayama et al., EC7)
and many of these mAb were also studied in the central
Workshop Blind Panel. Antigens were immunoprecipitated
from tumor necrosis factor (TNF)-stimulated human um-
bilical vein endothelial cells [Puri et al, EC6]. Inmunohis-
tochemistry localized antigen expression in tissues [Han-
cock, EC8]. The CD Chairs and working group leaders
[Springer and Kitayama, EC1, Tables 1 and 2] examined all
mAb in the Endothelial Cell Blind Panel for reactivity to the
antigens for which they were responsible. Additionally,
CD31 and E-selectin transfectants were studied by Dr
P. Pizcueta, and vascular adhesion protein (VAP) 1 trans-
fectants by Dr S. Jalkanen. Binding to recombinant CD31
or CD34 molecules was examined by Dr H. Stockinger, and
carbohydrate specificities were analyzed by Dr B. Kniep
with a Panel of purified glycolipids.

mAb assigned to previously defined CD

CD31

Two mAb with uncharacterized specificities, E050 (RB10)
and E076 (Moon-1) clustered by flow cytometry with the
CD31 reference mAb E003 (V21). All three mAb bound to
CD31 transfectants and to recombinant, purified CD31.

CD62E

E087 (IG9) immunoprecipitated a 125 000 M, molecule
from TNF-stimulated HUVEC and bound to the E-selectin
transfectants just as did the reference CD62E mAb E005
(H18/7). E087 specifically stained HUVEC activated with
TNFa or interleukin (IL) 18. E087 is thus a CD62E mAb;
however, it stained cells less brightly than did the reference
mAb E005, and therefore did not group with it in the En-
dothelial Cell Panel dendrogram.

CD90

The mAb E046 (5E10), E054 (V45), and A011 (F15-42-1-5)
were confirmed to recognize Thy-1 (CD90) with transfec-

tants. These mADb brightly stained high endothelial venules,
and focally other endothelial cells, epithelium, and smooth
muscle cells (SMC). Flow cytometry on cultured cells
showed bright staining of fibroblasts and myeloid cells,
and little reactivity with endothelial cells.

CD105

Two mAb submitted with unknown specificity E075 (CLE-
4) and E088 (F430C-5) resembled the CD105 reference
mADb E008 (44G4) in having a strong reaction with endothe-
lial cells, THP-1 and some stromal cell lines in flow cytom-
etry, and had pan-endothelial reactivity by immunohisto-
chemistry. Immunoprecipitation of a molecule of 90 000
M, in reduced and 180 000 M, in non-reduced sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and reactivity with transfectants confirmed their
specificity for CD105.

CD109

The mAb E063 (23/5F6), E064 (39/6C3), and E079 (TEA
2/16) were found to be specific for CD109. All of them
showed strong reactivity to KGla and endothelial cells, and
stained some stromal and myeloid cell lines. The pattern
was identical to the CD109 standard, E010 (8A3). These
mAb were pan-endothelial cell in immunohistochemistry,
although E079 showed additional staining to some epithe-
lium and SMC.

mAD assigned to new clusters
in the Endothelial Cell Panel

CD140a (PDGF receptor o)
and CD140b (PDGF receptor 3)

The platelet-derived growth factor (PDGF) receptor a and
B isoforms were specifically recognized by mAb. E022
(16A1), E031 (alpha-R1), and E090 (PR292) reacted with
CD140a, and E023 (28D4) and E089 (PR7212) reacted with
CD140b as shown with transfectants. The CD140b isoform
but not the CD140a isoform was well enough expressed to
be detectable by flow cytometry. mAb to CD140b showed
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positive staining of HUT78, mesothelial cells, and JMN
(mesothelial cell line) in flow cytometry.

CD141 (thrombomodulin)

E013 (1A4), E025 (TMmADb20), and E045 (KA-4) were con-
firmed to be specific for CD141 with transfectants. The
mAb gave relatively weak but significant staining to en-
dothelial cells and monocyte/macrophages, and the anti-
gen expression in EC was downregulated by treatment with
TNFa or IL-1B. All the mAb detected in 100-kDa band in
immunoprecipitation.

CD142 (tissue factor)

Four mAb to tissue factor (CD142) were in the Endothelial
Cell Blind Panel (E016 (HTF1-7B8), E032 (VI-C7), E034
(HTF-K108), and EO035 (HTF-K180)), and 12 mAb
(E131-E142) were in the tissue factor Panel. All the mAb
reacted with endothelial cells, monocyte and monocytic
cell lines in flow, and showed some additional staining to
keratinocytes, vascular adventitia, and various epithelia in
immunohistology. Immunoprecipitation detected a band
of 45 kDa.

CD143 (angiotensin-converting enzyme)

The mAb E084 (9B9), E085 (i2H5), and E086 (3A5) were
submitted to angiotensin-converting enzyme (ACE,
CD143) from one laboratory. The mAb immunoprecipi-
tated a band of 170 kDa and were clustered by flow cytom-
etry in the Endothelial Cell and Blind Panels. Specificity
was confirmed by binding to purified ACE in enzyme-
linked immunosorbent assay (ELISA). Immunohistochem-
ical studies revealed that the staining intensity of these
mAb varied among arterial endothelial cells, venous en-
dothelial cells and capillaries in various organs, and ep-
ithelium was positive in kidney.

CD144 (VE-cadherin)

VE-cadherin (CD144) is a cell-cell adhesion molecule of
the cadherin family specifically expressed in endothelial
cells. This molecule was characterized with mAb E020
(BV9), E021 (BV6), E033 (hecl), E042 (TEA 1/31), and E092
(55-7H1) as a 135 000 M, molecule with specificity for en-
dothelial cells. The mAb did not stain any cultured cell
types except HUVEC, and showed specific staining of en-
dothelium in tissue sections, although the staining intensi-
ties of E021 and E033 were relatively weaker than that of
the three other mAb in flow cytometry. The specificities of
these five mAb were confirmed with transfectants.

CDw145

The mAb E036 (7E9) and E037 (P7A5) are of a different sub-
class and from the same laboratory. They show strong

staining to endothelial cells both in cultured cells and tis-
sue section, and additional reactivity to some epithelial
and stromal cells. Immunoprecipitation detected one
strong band of 25 kDa, and two weak bands of 90 kDa and
110 kDa. These mAb were independently clustered in the
dendrograms of the Endothelial Cell Panel and central
Blind Panel, and thus provisionally designated as CDw145.

CD146 (S-ENDO/Muc 18)

The S-ENDO mAb (E057 (F4-35H7), E058 (F439E), E059
(F432G-3), mAb to Muc 18 (E067 (0J79) and E068 (0J91),
and three mAb of unknown specificity (E065 (541/10B2),
E066 (541/2E5), and E077 (TEA 1/34)) were found to react
with the same molecule of 118 000 M.,. E068 was positive by
immunoprecipitation but not by flow cytometry or im-
munohistochemistry. CD146 is highly expressed in
HUVEC, and mildly en stromal cells such as HeLa, RD3/5,
and KGB2. The mAb clustered in the Endothelial Cell and
Blind Panels. Immunostaining of tissue sections showed
clear staining of all types of endothelium, the vascular wall,
melanoma cells and follicular dendritic cells. The mAb
were all reactive with recombinant Muc 18-Fc chimera.

CD147 (basigin/neurothelin)

mAb E062 (AAAl), N-L082 (UM-8D6), N-L018 (HI197),
N-L109 (HIMS6), N-L155 (H84), 6T-064 (UM-8D6), and P58
(UM-8D6) bound to recombinant basigin/neurothelin
(CD147). The mAb E062 and two samples of UM-8D6 clus-
tered in the Blind Panel, and defined CD147. In addition to
reactivity with endothelial cells, all the mAb broadly
stained hemopoietic cells and stromal cells slightly to
moderately.

mADb assigned to new clusters in other Panels

CD138 (syndecan-1)

mAb to syndecan-1 (CD138) B-B2 (E043, B092), B-B4
(E044, B093), MI15 (B005), and 1D4 (B102) were submitted
to both the Endothelial Cell and B-cell Sections. The mAb
E043 and E044 were grouped by flow cytometry and im-
munohistochemistry (Table 1); the CD report is in the B-
cell Section [Nijdenes et al., BC29].

CD151 (PETA-3)

The mAb 11B1.G4 (E011, P48) and 14A2.H1 (E012, P49) to
the tetraspanner PETA-3 (CD157) were submitted to both
the Endothelial Cell and Platelet Sections. The mAb were
clustered in the Endothelial Cell Panels by flow cytometry
and immunoprecipitation of a 28-kDa band. CD151 is de-
scribed in the Platelet Section [Ashman et al., PL14].

-
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Endothelial Cell Antigens Blind Panel Analysis

EC5

Endothelial Cell Blind Panel analysis: Overview and summary

JOJI KITAYAMA and TIMOTHY A. SPRINGER

In the Endothelial Cell Blind Panel 93 monoclonal antibod-
ies (mAb) (E001-E095) were studied. Immunofluorescence
flow cytometry of cultured cells was used to cluster all mAb
in the Endothelial Cell Blind Panel [Kitayama et al., EC7]
and many of these mAb were also studied in the central
Workshop Blind Panel. Antigens were immunoprecipitated
from tumor necrosis factor (TNF)-stimulated human um-
bilical vein endothelial cells [Puri et al., EC6]. Immunohis-
tochemistry localized antigen expression in tissues [Han-
cock, EC8]. The CD Chairs and working group leaders
[Springer and Kitayama, EC1, Tables 1 and 2] examined all
mAb in the Endothelial Cell Blind Panel for reactivity to the
antigens for which they were responsible. Additionally,
CD31 and E-selectin transfectants were studied by Dr
P. Pizcueta, and vascular adhesion protein (VAP) 1 trans-
fectants by Dr S. Jalkanen. Binding to recombinant CD31
or CD34 molecules was examined by Dr H. Stockinger, and
carbohydrate specificities were analyzed by Dr B. Kniep
with a Panel of purified glycolipids.

mAb assigned to previously defined CD

CD31

Two mAb with uncharacterized specificities, E050 (RB10)
and E076 (Moon-1) clustered by flow cytometry with the
CD31 reference mAb E003 (V21). All three mAb bound to
CD31 transfectants and to recombinant, purified CD31.

CD62E

E087 (IG9) immunoprecipitated a 125 000 M, molecule
from TNF-stimulated HUVEC and bound to the E-selectin
transfectants just as did the reference CD62E mAb E005
(H18/7). E087 specifically stained HUVEC activated with
TNFea or interleukin (IL) 18. E087 is thus a CD62E mAb;
however, it stained cells less brightly than did the reference
mAb E005, and therefore did not group with it in the En-
dothelial Cell Panel dendrogram. ’

CD90

The mAb E046 (5E10), E054 (V45), and A011 (F15-42-1-5)
were confirmed to recognize Thy-1 (CD90) with transfec-

tants. These mAD brightly stained high endothelial venules,
and focally other endothelial cells, epithelium, and smooth
muscle cells (SMC). Flow cytometry on cultured cells
showed bright staining of fibroblasts and myeloid cells,
and little reactivity with endothelial cells.

CD105

Two mAb submitted with unknown specificity E075 (CLE-
4) and E088 (F430C-5) resembled the CD105 reference
mADb E008 (44G4) in having a strong reaction with endothe-
lial cells, THP-1 and some stromal cell lines in flow cytom-
etry, and had pan-endothelial reactivity by immunohisto-
chemistry. Immunoprecipitation of a molecule of 90 000
M_ in reduced and 180 000 M, in non-reduced sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and reactivity with transfectants confirmed their
specificity for CD105.

CD109

The mAb E063 (23/5F6), E064 (39/6C3), and E079 (TEA
2/16) were found to be specific for CD109. All of them
showed strong reactivity to KGla and endothelial cells, and
stained some stromal and myeloid cell lines. The pattern
was identical to the CD109 standard, E010 (8A3). These
mAb were pan-endothelial cell in immunohistochemistry,
although E079 showed additional staining to some epithe-
lium and SMC.

mADb assigned to new clusters
in the Endothelial Cell Panel

CD140a (PDGF receptor o)
and CD140b (PDGF receptor 3)

The platelet-derived growth factor (PDGF) receptor a and
B isoforms were specifically recognized by mAb. E022
(16A1), E031 (alpha-R1), and E090 (PR292) reacted with
CD140a, and E023 (28D4) and E089 (PR7212) reacted with
CD140b as shown with transfectants. The CD140b isoform
but not the CD140a isoform was well enough expressed to
be detectable by flow cytometry. mAb to CD140b showed
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Fig. 1  SDS-PAGE of antigens immunoprecipitated from radioiodinated HUVEC. The HUVEC were cultured on collagen-coated flasks
and were stimulated with TNFe (10 ng/ml) for 6 h. Cells were incubated in phosphate-buffered saline (PBS) containing 5 mM EDTA to de-
tach them from the flask, and washed twice with PBS. Typically 5 X 10° cells were labelled with 4 mCi '%1, using Iodogen, and lysed with 2
percent (W/V) Triton X-100, phenylmethylsulfonyl fluoride (PMSF), benzamidine, pepstatin and iodoacetamide. The lysates were dialyzed
in 0.1 percent NP-40 and precleared using 187.1 (rat mAb against mouse kappa chain) adsorbed to protein A-Sepharose. Precipitation was
carried out by mixing 1.5 pl of ascites or 3 ul of purified mAb or 15 ul of culture supernatant with cell lysate for 1 h at 4 °C followed by 5 min
of incubation after the addition of mAb 187.1. Protein A-Sepharose was then added to the complex and the mixture incubated for 4 h at 4
°C. After extensive washing with 0.5 percent Triton X-100, 0.5 percent sodium deoxycholate, 0.01 percent SDS, 10 mM Tris-HC1, 150 mM
NaCl (pH 8.0), the samples were resuspended in SDS sample buffer for gel electrophoresis (non-reducing conditions) or sample buffer
supplemented with 10 mM dithiothreitol (reducing conditions), heated to 90 °C and subjected to 5-15 percent gradient SDS-PAGE accord-
ing to Laemmli. Immunoprecipitates with anti-CD31 mAb E003 (V21), CD34 mAb E004 (581), CD62E mAb E005 (H18/7), CD62P mAb E006
(G1), von Willebrand factor (YWF) mAb E007 (21 /43), CD105 mAb E008 (44G4), CD106 mAb E009 (2G7), and CD109 mAb E010 (8A3).

with 2. Immunoprecipitates were subjected to sodium  CD31, 130 000 and 130 000; CD34, 115 000 and 115 000;
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-  CD62E, 125 000 and 135 000; CD62P, 150 000 and 155 000;
PAGE) under reducing and non-reducing conditions. von Willebrand factor (vWEF), 252 000 and 250 000; CD105,

The apparent molecular weights (M,) of endothelial cell 94 000 and 180 000; CD106, 118 000 and 92 000; and
antigens precipitated by reference antibodies (Fig. 1) under ~ CD109, 175 000 and 180 000. Workshop antibodies were
reducing and non-reducing conditions, respectively were:  similarly analyzed and the antibodies that gave similar gel
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Fig.2 Comparison of reference antigens with the immunoprecipitated structures. Immunoprecipitations and SDS-PAGE analysis were
as in Fig. 1. (A) and (B) Endoglin (CD105) mAb; (C) and (D) CD31 mAb; (E) and (F) CD109 mAb.



patterns were run side by side om gels as much as possible.
Several antibodies were grouped to known and unknown
specificities on the basis of the molecular weight analysis.

Antibodies E008 (44G4), E075 (CLE-4), and E088
(F430C-5) all precipitated endoglin (CD105) (Fig. 2A and
B). Human endoglin is a disulfide-linked homodimeric
transmembrane glycoprotein of subunits of 95 000 M, and
is present at high levels on HUVEC [1].

Antibodies E003 (V21), E050 (RB10), and E076 (Moon-1)
precipitated the CD31 antigen (Fig. 2C and D).

Antibodies E010 (8A3), E063 (23/5F6), E064 (39/6C3),
and E079 (TEA 2/16) all precipitated CD109, a major struc-
ture of 170 000 M, and a minor structure of 150 000 M, (Fig.
2E and F). CD109 is a monomeric glycoprotein and con-
tains two N-linked Endo-H-sensitive glycans. Peptide
mapping of the minor band at 150 kDa has shown that it is
closely related to the 170 000 M, glycoprotein and may be
derived by degradation or post-translational modifica-
tions [2].

CD146 or S-ENDO/Muc 18 is a 125 000 M, member of
the immunoglobulin gene superfamily and is strongly
expressed on endothelial cells. Seven antibodies, E057
(F4-35H7), E058 (F439E), E059 (F432G-3), E065 (541/
10B2), E066 (541/2E5), E067 (0J79), and E077 (TEA 1/34)
recognized this antigen of 125 000 M, (Fig. 3A and B).

Three antibodies, E013 (1A4), E025 (TMmAb20), and
E045 (KA-4) precipitated a 100-kDa band corresponding to
thrombomodulin (CD141) (Fig. 3C and D).
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Four antibodies to VE-cadherin (CD144), E021 (BV6),
E033 (hecl), E042 (TEA 1/31), and E092 (55-7H1) all recog-
nized a major structure of 120 000 M, (reduced and non-
reduced) (Fig. 3E and F).

Three antibodies to angiotensin-converting enzyme
(CD143), E084 (9B9), E085 (i2H5), and E086 (3A5) immuno-
precipitated an antigen of 160 000 M, (reduced) and
168 000 M, (non-reduced) (Fig. 3G and H).

Platelet-endothelial cell tetraspan antigen 3 (PETA-3,
CD151) is a member of the tetraspan family. Two antibod-
ies to CD151, E011 (11B1.G4) and E012 (14A2.H1) recog-
nized a structure of 28 000 M. (reduced and non-reduced)
(Fig. 31 and J).

Antibodies E055 (BNH-9) and E056 (BNF-13) react with
blood group H-associated carbohydrate antigens and rec-
ognized broad bands at 125 and 90 (Fig. 3K and L).

The antibodies E017 (M72), E078 (TEA 1/8), and E081
(B-K4) that appear to be CDI13-like, precipitated two
bands of 210 and 145 kDa under reducing and non-re-
ducing conditions (Fig. 3 M and N); however, the struc-
ture at 210 kDa was not consistently present in different
precipitations.

Antibodies to tissue factor (CD142), E016 (HTF1-7B8),
E032 (VI-C7), E034 (HTF-K108), and E034 (HTF-K180) were
weak precipitators, except E034 which strongly precipi-
tated a 45 000 M, structure.

Unclustered mAb are shown in Fig. 4A and B. E0l14
(Sy12) precipitated three bands at 56, 43, and 25 kDa. mAb

C. reduced D. nonreduced
g
N 28% 2832
o o] ; 5 [= =] S (=] g
w o = W w w w w w

ig.3 A-D: Side-by-side comparisons of immunoprecipitated antigens. Procedures are as described in Fig. 1. (A) and (B) S-ENDO/
fuc 18 (CD146) mAb; (C) and (D) thrombomodulin (CD141) mAb. Continued on next page.
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Fig. 4
by the Endothelial Cell Panel of monoclonal antibodies with
unique specificities (procedures are as described in Fig. 1).

SDS-PAGE analysis of the antigens immunoprecipitated

H. nonreduced I. reduced J. nonreduced
g

883 36 25 5 & 5

w w w o S w w w w

Fig. 3— Continued  Side-by-side comparisons of immunopre-
cipitated antigens. Procedures are as described in Fig. 1A and B.
(E) and (F) VE-cadherin (CD144) mAb; (G) and (H) angiotensin-
converting enzyme (CD143) mAb; (I) and (J) PETA-3 (CD151)
mAb; (K) and (L) blood group H mAb; (M) and (N), CD13-like
mADb.

E024 (BU96) to peripheral myelin protein 22 precipitated a
major band at 35 kDa and a minor band at about 50 kDa.
E028 (8H2) precipitated a major structure at 77 kDa and a
minor structure at 55 kDa, consistent with possible recog-
nition of CD39. E040 (SN12) precipitated a 100 000 M,
structure. E074 (CLE-1) precipitated a structure of 55 000
M, (reduced and non-reduced).

References

1. Gougos, A. and Letarte, M. Journal of Immunology 141,
1925-33 (1988).

2. Sutherland, D. R,, Yeo, E., Ryan, A., Mills, G. B., Bailey, D,,
and Baker, M. A. Blood 77, 84-93 (1991).

3. Huber, P, Dalmon, J., Engiles, J., Breviario, E, Gory, S.,

Siracusa, L. D., Buchberg, A. M., and Dejana, E. Genomics
32,21-8(1996).



Endothelial Cell Blind Panel Analysis 725

EC7 Endothelial Cell Blind Panel: Flow cytometric analysis report

JOJI KITAYAMA, MARK RYAN, RACHAEL CLARK, and TIMOTHY A. SPRINGER

Reactivity and clustering of the Blind Panel

Flow cytometric analysis of the Endothelial Cell Blind
Panel was performed in 18 laboratories and another labo-
ratory used an enzyme-linked immunosorbent assay
(ELISA) assay. The reactivities are summarized in Table 1.
According to the molecules equivalent of soluble fluo-
rochrome (MESF) of 28 different cell types including cy-
tokine-activated human umbilical cord vein endothelial
cells (HUVEC) examined in our laboratory, a dendrogram
was constructed using the “MacMu” and “MacDendro”
programs [1] (Fig. 1). The dendrogram identified 16 groups
of monoclonal antibodies (mAb), in addition to group 17,
which included the negative mAb. Group 1 was the most
distant from the negative control. These groups when com-
bined with other criteria were of great utility in assigning
specificities.

Modification of Blind Panel antigen expression
in HUVEC by inflammatory cytokines

Treatment of HUVEC with inflammatory cytokines or
phorbol myristate acetate (PMA) significantly modified the
reactivities of some of the Panel mAb (Table 2). All labora-
tories detected the enhancement of staining intensity in
E009 (2G7, VCAM-1, CD106). The ration of enhancement
was prominent with tumor necrosis factor (TNF) a, inter-
leukin (IL) 18, and PMA (Stimulation Index, SI: 17.0-73.7),

and smaller with IL-4, IL-13 and interferon (IFN) y (SI:
1.58-6.32). The reactivity of E087 (IG9) and E005 (H18/7)
mAb to E-selectin (CD62E) was strongly increased by
TNFaq, IL-18 and PMA (SI: 3.42-115) but not by IL-4 or
IFN-y. P-selectin (CD62P) recognized by E006 (G1) and the
CD13-like antigen recognized by E017 (M72) were moder-
ately upregulated by IL-4 and IL-13 (SI: 1.79-2.47), but not
by the other cytokines. The E016 (H7F1-7B8), E032 (VI-C7),
and E035 (HTF-K180) mAb to tissue factor, CD142, were
modulated similarly to CD62E, although the enhancement
by TNFa or IL-18 was less than for E-selectin (SL
1.29-12.6). Binding of E013 (1A4), E025 (TMmAb20), and
E045 (KA-4) mAb to thrombomodulin, CD141, were de-
creased by TNFa and IL-18 (SI: 0.17-0.70), increased by
PMA (SI: 1.42-19.4), and not altered by IL-4, IL-13 and
IFN-y. The reactivities of E084 (9B9), E085 (12H5), and
E086 (3A5) to angiotensin-converting enzyme (CD143),
were markedly enhanced by PMA stimulation (S
10.1-16.9), but not affected by the cytokines. In addition,
treatment with PMA increased the reactivity of E036 (7 E9)
and E037 (P7A5) mAb to CDw145 and of E038 (B148.4) and
E039 (LIA 1/14) mAb to a CD93-like antigen by more than
twofold.

Reference

1. Thioulouse, J. Computer Applications in the Biosciences 5,
287-92 (1989).
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Table1 Endothelial Cell Panel Flow Cytometry Studies
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Lab 1,2,3 1,2,3 4 2,4 5 6 6 1 47,8 1,478 1478 8 1,7 1 1,8
Code
E001 - - - - - - - - - - - - - -
E002 - - - - - = - - - - - - -
E003 +++ - +++ +++ +++  +++ H+H+ ++ ++ +/+ + ++  + ++
E004 *+/+ - - - +++  + + - - + - ++
E005 — - - - - - - - - - - - - -
E006 —/* - - - - - - - —/+ - - * - -
E007 — - - - + +++ +++ = - - - - - -
E008 ++ + +++ ++ +4++ A+t - —/* - * - - —/+
E009 —/= - + * + - - - - - - - - -
EO010 =x/++ —/++ ++ ~/++ + +++ +++ —/+ —/*/+  * + + - ++
E0O11 +++ +++ +4++  +++ +++ +4++ ++ + +/++ * ++ ++ ++ ++
E012 +/++ +/++ ++ ++ ++ + + * +/+ * + + + +
E013 +/++ ~/++ ++ +/++ ++ ++ ++ - +/+ - - - - -
E014 —/% - - - - ++ ++ - - * + - + +
E015 - - - - - - - - - - - -
E016 */+ + - - - ++ + - - - - - - -
E017 ++ - ++ ++ + ++ ++ + */+ —/% - - ++ +
E018 ~ - - - . - - - -
E019 - - - - - - - - - - - - -
E020 + - + ++/+ + ++ ++ - - - - - - -
E021 =*/+ - + - - +++  ++ - - - - - - -
E022 - - - - - + - - - - - - - -
E023 - - - - - + + - - - - - - -
E024 ++ +/+++  + ++ +++  ++ - -/*x - - - - * -
E025 =*/+ —/++ - +/++ ++ + + * */+ —/* - - -
E026 - - —/++ - - + - - - - - -
E027 . —/* - - —/+ - - + - - - - - - -
E028 —/= - - —/* - ++ + + */+ + * - - -
E029 - * * —/* + + + - -/* - - - - -
E030 ++ + + ++ +++ 4+ ++ */+ +/+ —/+ *+ + - -
E031 —/= - - - - + - —/* - - - - -
E032 -/= —/x/+ = - - + - - - - - - - -
E033 + - + + - + - - - - - - - -
E034 -—/= - - - + + + - ~/* - - - - -
E035 —/= + - - - + + - - - - - - -
E036 ++/+++ */+++ +++ +++ +++  ++ ++ - - - - - - -
E037 ++/+++ —/+++ +++ +++ ++ +++  ++ - - - - - - —
E038 +/++ -/* * ++ + + - —/+ */+ - - - - +
E039 +/++ - + ++ + ++ - —/+ */+ - - - - +
E040 = —/* + + + + + —/* —/* - pa - - */+
E041 - - + + - + + - —/+ - - + —/*
E042 +/++ - ++ ++ - + + - - - - - —
E043 —/= —/+ + —/+ - + + - - - - - * -
E044 —/= —/++ + ++/N.D. - + - - - - - - + -
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Table1 Endothelial Cell Panel Flow Cytometry Studies— Continued
s 5 § E F E E § § § & F: B
= s = P o = % 2 3 = w g g &
o = =08 2  Q 3 < g 5 2
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3 3
Lab 1,2,3 1,2,3 4 2,4 5 6 6 1,478 1478 1478 8 L7 1 1,8
Code
E045 =/+ - * + + + + - * - - - - -
E0O46 —/= - —/+ - + + - - - + - - -
E047 - - - - - + + - - —/* - - - -
E048 - - - —/+ - + + - - —/* - - - -
E049 —/= - - - - - - - - - - - - -
E050 ++/+++ - +++  +++ +++ +++ 4+ ++ ++ + ++ o+ + */+
E051 —/* - - - + + + - - - - - - -
E053 - - + ~/+ - + - - - —/* - - - -

. E054 - - * —/+ - - - - - - - - - -
E055 +++ ++ +++  +++ +++  +++ FE+ /A A/ + * - *
E056 +++ ++ +++  +++ +++ ++ ++ + + —/* * -/ - -
E057 +++ —/++ t++ +++ +++  +++ A+ = * - * - - -
E058 +++ —/++ +++ 4+ +++  +++ +++ - - - + - - -
E059 +++ —/++ +++ +++ ++ +++ +++ - - - * - - -
E060 =/+ - - + + + + ++ +H++ - - - * -
E061 =/+ - - + + ++ ++ ++ */++ = - - + -
E062 +/++ —/++ + */++ + ++ + =/++ +/++ = + * - +/++
E063 £/+/++ —/++ * + + ++ ++ * */+ —/* + - - +
E064 —/+ —/+ + —/+ + ++ ++ - * —/* * - - +
E065 +++ —/+ +++  +++ +++  +++ A+ - —/* ~/*x * - - -
E066 ++/+++ —/++ +++ 4+ +H++ A+ A+ - —/* - * - - -
E067 ++/+++ —/+ +++ +++ + +++ +++ - + - * - - -
E068 —/= - + —/+ - + + - —/% - - - - -
E070 - - + + - + + - - —/* - - - -
E071 —/= —/* + ~/++ + + + - —/% - - - - -
E072 + —/+++  =* +++ +++  + ++ - - + + - - +/+
E073 - x/+ —/* + ++ + ++ ++ - - —/* - - - -
E074 + —/* - ++ ++ ++ ++ - —/* * - - - +
E075 ++/+++ —/% ++ —/++ ++ +4++ +++ - —/% —/* + - - —/+
E076 ++/+++ —/+++ +++ +++ ++ +++ +++ 4+ ++ + ++  ++ = +/++
E077 +++ —/++ ++ +++ +++ +++ +++ - - - + - -
E078 ++/+++ —/=* +++ 4+ ++ +4++ +++ ++ */+ - + - - +
E079 + ~/++ +++  H/+++ - ++ ++ * —/+ - * - - +
E080 x/+ —/*x + —/+ + + ++ /* —/*x - - - - -
E081 +/++ - - —/++ - + + —/+ —/* - - - - +
E082 - - ++ - - + + - - - - - - =
E083 —/= - - - - ++ ++ - - - - - - -
E084 + - - - - ++ + - - - - - - -
E085 +/++ - - - - ++ + - - —/* - - - —/*
E086 + - - - - + + - - -/* - - - -
E087 - - - —/+ - - - - - - - - - -
E088 +++ - +4++ -+ - N.D. ND. - * - N.D. - + -
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Lab 1,2,3 1,2,3 4 2,4 5 6 6 1,478 1478 14,78 8 1,7 1 1,8
Code
E089 —/= - - - - - - - - - - - - -
E090 —/= - - - - + + - - - - - - -
E091 + + - —/+ - + + - - - - - - -
E092 +/++ - - ++ ++ ++ ++ - - - - - - -
E093 - - - - - - - - - - - - - -
E094 - - - - - + + - - - * - - -+
E095 - - - - - - - - - - - - - -

N.D., not determined.
Laboratory 1, Springer: For HUVEC and ECV304, the MESF values were scored as: —, <40K; =, 40K to 80K; +, 80K to 400K: ++, 400K to

1200K; +++, >1200K. For stimulation of HUVEC, 100 U TNFa/ml, 10 U IL-18/ml, 10 ng IL-4/ml ng, or 200 U IFN-vy/ml were used for 24
h. For other cell types, the percentage of positive cells was scored as: —, <5; *,5 to 20; +, 20 to 90; + +, >90. Jurkut and HUT78 (T-cell
lines), JY and SKW3 (B-cell lines), THP-1 (monocytic cell line), HEL (erythroid cell line), HL-60, KGla (myeloid cell lines), Fibroblast (from
skin, lipopolysaccharide-activated), HeLa (epithelial cell carcinoma), 293-T17 (kidney epithelial cell), MG63 (osteosarcoma), RD2/3
(rhabdomyosarcoma), A431 (epidermoid cell carcinoma), JMN (mesothelioma), Ax36M (ovarian carcinoma), FS1/23 (renal epithelial
cell), and KBG-2 (renal cell carcinoma, multidrug-resistant cell line).

Laboratory 2, Dignat-George: The MESF values were scored as: —, <20K; #, 20K to 40K; +, 40K to 400K; ++, 400K to 1200K; +++,
>1200K. HUVEC were stimulated with 15 ng TNFa/ml, 10 U IL-18/ml, or 60 ng PMA/ml for 6 to 24 h.

Laboratory 3, Klein: The MESF values were scored as: ~, <30K; =, 30K to 50K; +, 50K to 400K; + +, 400K to 1200K; ++ +, >1200K. SK-
HEP-1 was a cell line derived from ascites of liver adenocarcinoma, DKKT was a cell line generated from kidney embryonic tumor of X-
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linked severe combined immunodeficiency disease patient. Both cells showed endothelial characteristics in culture. HUVEC were cul-
tured with 50 ng TNFa/ml, 20 ng IL-4/ml, or 20 ng IL-3/ml for 6 to 48 h.

Laboratory 4, Vermot-Desroches: percentage of positive cells were scored as: —, <10; +, 10 to 50; ++, 50 to 90; + + +, >90.

Laboratory 5, Suberbielle: percentage of positive cells were scored as: —, <5; +, 5 to 30; ++, 30 to 70; +++, >70. IVEC, HUVEC line trans-
formed by simian virus 40 large T antigen.

Laboratory 6 (¥), Pizcueta: Absorbance values examined by ELISA were scored as: —, <5 u; -+, 5 u to 50 u; + +,50 uto 200 u; +++, >200 u-
HLNEC: human lymph node endothelial cell line. For stimulation of HUVEC, overnight incubation with 200 U TNF«/ml was used.
Laboratory 7, Shaw.

Laboratory 8, Wang: percentage of positive cells were scored as: —, <5; *, 5 to 20; +, 20 to 90; + +, >90.

Laboratory 9, Wimazal: HMC-1 (mast cell line) and KU-812 (basophilic cell line). Percentage of positive cells were scored as: —, <10;
¥, <20; +, <50; ++, < 90; +++, > 90.

Laboratory 10, Sengolige and Sunder-Plassmann: percentage of positive cells were scored as: —, <10; %, 11 to 40; +, 41 to 70; ++, >70.
Laboratory 11, Ross: percentage of positive cells were scored as: —, <10; *, 11 to 40; +, >41.
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Molecular
Grouping  weight x 102 Specificity ~ Workshop
R/NR Code
0 _ o _ CD2E_E08T7 |
100 Thrambomodulin (CD141) E013
Group 16 100 Thranbamodulin (CD141)B025
_ _ _ _100 _ _ _Thrambanodulin(CD141)B045 -
125/135 CD62E E005
Group 15 q1gep _ _ _ _ _ _ CD106 EO09 I
BST-1 (CD157) E060
Growp 14 _ _ _ _ BST-1 (CDL57) K01
90/180 CD105 E008 i
Group 13 90/180 CD105 EO075
. _ _soMso_ _ _ _ _ _ — CD105_E088
VE-cadherin (CD144) E020 -
160/168 ACE (CD143) E084
160/168 ACE (CD143) E085
Group 12  160/168 ACE (CD143) E086 |
130/130, 145 B073
52/55 074
120,(100)/120 VE-cadherin (CD144)E042
_ _ _ _120(100y120 _ _VE-cacherin(cDl44)E032 i
PDGFRB (CD140b) 023
T T T T1on 48 L - — — B072 "
o _msM1s . - . _— (D34 EQO4
170/180 CD109 E010 —
170/180 CD109 E063
o _tome D109 Ro64
Group 9 110/90 E038 —
Moo o o EO g———' ]| L
T T 7145, 210/145, 210 I T
Group8 145210145210 _ _ _ _ _ _] E081
____ IS _ _ _ _ _— — — — 28
syndecan (CD138) E043 |_J'_
Grow? _ _ ___ Syndecan (CDL38) E0d4
Group 6 28/28 PETA-3 (CD151) BE011
28/28 ____PETA-3(CD151) EOI2
T - - Z Z Z Z Z _ _Basigin(CDl47) FOE2
o — _(5980m0 _ _ _ o~ — F024
, 110)(90),25 CDw145 E036
Group § _Em;@;.as_ _____ CDw145 E037 ||
125/125 S-ENDO/Muc 18(CD146) E0S7
125/125 S-ENDO/Muc 18(CD146) E058 —
125/125 S-ENDO/Muc 18 (CD146) E059
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131/131 gﬁ élggg -_—_—_—]__I
Group 2 131/131
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Fig. 1 The dendrogram of the 93 mAb in the Endothelial Cell Panel. Molecular weight (X 107%) determined by immunoprecipitation
with TNFa-activated HUVEC is shown. The remaining 38 mAb were clustered with negative controls (E001, E002) in group 17. ACE, an-
giotensin-converting enzyme; BST-1, bone marrow stromal cell antigen 1; PDGFRR, platelet-derived growth factor receptor B; PETA-3,
platelet endothelial cell tetraspan antigen 3; R, reduced; NR, non-reduced.
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Table2 mADb Reactivities with HUVEC Affected by Stimulation with Cytokines

Stimulation Index (SI)
Workshop / Stimulatory
Code Mediator: TNFa IL-18 IL-4 IFN-y IL-13 PMA
Lab: 1,2,3,6 2 L3 1 3 2
E003 11.60
E005 115.2-115* 1 114* 122.7¢
E006 11.79-2.47 11.85
E008 1 0.64t 1 1.36* {0.62t
E009 125.1-73.7 117.0¢ $2.13-5.70 11.58 16.32 1 14.5*
EO11 - 1130*
E012 10.70
E013 4 0.40-0.66 4043 12.25
EO16 11.36-4.00 112.61 119.4*
E017 1 0.68* 11.40-1.67 11.73
E025 1 0.56-0.70 ¥0.37 13.86
E030 11.18-2.21 11.41 40.39
E032 11.31-2.37* 12.30* 112.2*
E033 1 0.54* ¥ 0.60 11.90
E035 11.29-3.10* 13.30 1124
E036 4 0.69 1 2.45¢%
E037 40.70-0.73 4 0.63 0.74 12.31¢
E038 11.77-2.05 1 0.66-0.73 {0.69 12.34
E039 11.79-2.21 11.30 ¥ 0.69-0.73 4 0.69 12.69
E042 ¥ 0.54* 11.31
E045 4 0.40-0.79 40.17 {0.64 11.42
E050 1 1.50
E057 11.15-1.31 11.37¢
E058 11.15-1.78 { 0.66 11.41t
E059 11.31-1.77 1 1.41%
E062 : 4 0.36% 11.35 v 0.50
E065 1 0.26* 11.41%
E066 - 10.51*
E067 4 0.57* 1 1.42¢
E068 11.34
E073 11.43
E076 { 0.66*
E077 1 1.40%
E078 11.24-1.61 11.51
E081 4 0.66*
E083 11.36
E084 110.6
E085 116.9
E086 110.1
E087 13.42-28.4* 125.2* 1 8.60*
E092 11.56

Stimulation Index (SI) was calculated as MESF of stimulated HUVEC divided by MESF of unstimulated HUVEC, and the values were ex-
pressed for each SI that showed more than a 30 percent change in one of the laboratories. Each value represents the SI at 24 h incubation
or SI of maximal modulation (* at 6 h, t at 12 h). Laboratories 1-6 were shown in the notes to Table 1.
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2. The mAb tested recognize epitopes that do not play a
relevant role in CD144 biological activity.

3. The mAb do not have easy access to biologically rele-
vant epitopes, once the junction is organized.

The specificity of endothelial cell recognition was con-
firmed for all the mAb tested in the Panel.
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Two mouse monoclonal antibodies (mAb) from the En-
dothelial Cell Blind Panel, E036 (7E9, IgG3) and E037
(P7A5, IgG1), that were originally raised as mAb to urinary
bladder carcinoma (1,2], constitute a new endothelial-
based cluster, based upon analysis by flow cytometry, im-
munoprecipitation and immunohistology.

Both mAb stained human umbilical vein endothelial
cells (HUVEC) brightly and some stromal cell lines moder-
ately. Staining intensities on HUVEC were slightly de-
creased by activation with tumor necrosis factor «, inter-
leukin 1B, and phorbol myristate acetate. None of the
hemopoietic cell lines tested by flow cytometry reacted
with these mAb. Immunoprecipitation from '?5[-labelled
HUVEC showed one intense band of 25 kDa, and two addi-
tional bands of 90 and 100 kDa in reducing and non-
reducing sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis.

Immunoperoxidase analysis of paraformaldehyde-lysine-
periodate fixed cryostat sections of normal human kidney,
liver, lung, spleen, tonsil and gut showed that both mAb gave
strong labelling of endothelial cells (EC) in all tissues tested,
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as well as staining of specific basement membranes (Bow-
man’s capsule, tonsillar basement membrane). Within each
tissue, both mAb gave strong, uniform staining of EC, includ-
ing that of arteries, arterioles, capillaries, high endothelial
and regular venules, and veins, whereas other cell types were
unstained. Neither mAb stained corresponding formalin-
fixed and paraffin-embedded tissue sections, and in both
cases, vessels within sections of kidneys subject to acute in-
flammation (renal allograft rejection), or atherosclerotic ar-
teries, showed preservation or even enhanced immunoreac-
tivity. Thus, this pair of mAb can best be summarized as
pan-EC markers.
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CD146, the S-ENDO/Muc 18 antigen (Ag) was initially
identified with Muc 18 monoclonal antibody (mAb) as a
marker of melanoma progression (1,2,3). ¢cDNA cloning
and sequencing revealed that the Ag is a member of the
immunoglobulin superfamily named melanoma cell adhe-
sion molecule (MCAM) [4,5]. More recently, S-ENDO/Muc
18 Ag was defined as a molecule constitutively expressed in
all types of human endothelial cells [6,7,8,9].

Reactivity on transfectants and purified Ag

Iwentyeight mAb were recruited and distributed to six lab-
dratories for analysis by different techniques (Table '1).
These mAb were screened on Muc 18 transfectants by flow
ytometry (laboratories 1 and 4) and on Muc 18 Fc protein
Yy enzyme-linked immunosorbent assay (ELISA) (labora-
ory 5). Sixteen mAb showed a strong reactivity in flow cy-
ometry as well as in ELISA, whereas Muc BA 18.4, E1-4E3,
ind E078 (TEA 1/8) presented a weaker reactivity (Table 2).

Disparate results obtained for E066 (541/2E5), E067 (0]79),
E068 (OJ91), 1, MN15, MN18, MN19 can be due to differ-
ences in sensitivity of the method and/or variability of
antigen conformation leading to differences in mAb
binding.

Tissue expression

On normal tissues (umbilical cord, striated muscle, lymph
node) most of the mAb reacted with endothelial cells what-
ever the vessel type (arteries, venules, high endothelial
venules). The expression of the molecule was not restricted
to the endothelium since vessel wall, Schwann cells and
occasionally striated muscle fibers showed positive la-
belling with some antibodies. In lymph node, a noticeable
finding was the weak staining of the germinal center (labo-
ratory 2). On several pathological tissue sections (lymph
node metastasis of malignant melanoma, glioma, heman-
giopericytoma, cavernoma), most of the mAb tested were



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


