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Protein	   Size	   Pep,de	  
hits	  

Myosin	  9	   227	  kDa	   11	  

Moesin	   68	  kDa	   3	  

Myosin	  10	   200	  kDa	   2	  

T-‐complex	  protein	  1	  subunit	  eta	   59	  kDa	   2	  

Clathrin	  heavy	  chain	  1	   188	  kDa	   2	  

Figure	  3	  
HEK293T	  cells	  transfected	  with	  LifeAct_RFP	  and	  GFP,	  
CLEC14A	  fused	  with	  GFP	  or	  deleted	  intracellular	  domain	  of	  
CLEC14A	  construct	  	  fused	  with	  GFP.	  Both	  CLEC14A	  and	  	  
deleIon	  construct	  induce	  filopodia	  formaIon	  	  

Figure	  4	  	  
SchemaIc	  diagram:	  pull	  down	  of	  GST	  fused	  
intracellular	  domain	  of	  CLEC14A	  (ICD-‐GST)	  and	  
its	  binding	  proteins	  from	  HUVEC	  lysate	  	  

Table	  1	  Mass	  spectrometry	  results	  
	  
•  Myosin	  9	  and	  10	  are	  classified	  as	  motor	  proteins	  

connected	  to	  acIn	  in	  the	  cytoskeleton	  and	  involved	  in	  
different	  cellular	  processes	  including	  cell	  migraIon	  	  

•  Moesin	  forms	  a	  connecIon	  between	  the	  plasma	  
membrane	  proteins	  and	  the	  acIn	  cytoskeleton	  	  

•  T-‐complex	  protein	  1	  is	  a	  part	  of	  chaperonin	  that	  is	  
crucial	  for	  assembly	  of	  acIn	  and	  tubulin	  in	  mammalian	  
cells	  	  

•  Chatrin	  heavy	  chain	  1	  is	  main	  protein	  involved	  in	  coated	  
vesicle	  formaIon	  on	  the	  plasma	  membrane	  	  

INTRODUCTION	  
• DifferenIal	  expression	  of	  proteins	  between	  tumour	  and	  healthy	  vasculature	  introduces	  
potenIal	  targets	  for	  anI-‐cancer	  treatments	  

• Nevertheless	  many	  therapies	  targeIng	  vasculature	  are	  unsuccessful	  in	  the	  clinic	  and	  there	  is	  
a	  need	  for	  befer	  characterizaIon	  of	  these	  molecules	  

• CLEC14A	  is	  a	  novel	  tumour	  endothelial	  marker	  	  
•  It	  is	  highly	  expressed	  on	  vasculature	  of	  wide	  range	  of	  solid	  tumours	  (plasma	  membrane	  protein)	  	  
•  It	  has	  a	  role	  in	  cell	  migraIon	  and	  filopodia	  formaIon	  	  
•  It	  is	  expressed	  under	  low	  shear	  stress	  condiIons	  

	  
KEY	  FINDINGS	  –	  CLEC14A	  KNOCK	  OUT	  MICE	  
•  Loss	  of	  CLEC14A	  in	  mice	  impairs	  sprouIng	  angiogenesis	  in	  aorIc	  ring	  assay	  and	  
vascularizaIon	  of	  sponge	  barrels	  implanted	  subcutaneously	  (Figure	  1)	  

• CLEC14A	  knock	  out	  mice	  show	  reducIon	  in	  tumour	  growth	  and	  vascularizaIon	  (Figure	  2)	   

AIMS	   	  CharacterizaIon	  of	  CLEC14A	  intracellular	  
domain	  funcIon	  

IdenIficaIon	  of	  CLEC14A	  intracellular	  domain	  	  
binding	  partners	  and	  signaling	  pathways	  

CONCLUSIONS	   CLEC14A	  induces	  filopodia	  
formaIon	  in	  HEK293T	  cells	  

DeleIon	  of	  intracellular	  
domain	  of	  CLEC14A	  does	  

not	  affect	  filopodia	  
formaIon	  

Possible	  intracellular	  
binding	  partners	  of	  CLEC14A	  

are	  involved	  in	  cell	  
migraIon	  and	  acIn	  

cytoskeleton	  reorganizaIon	  

A	  

B	  

number of tubes compared with that observed for CLEC14A
knockout (KO) mice (30.6 tubes compared with 13.4 tubes,
respectively) (Figure 2e). In addition, the maximum migration,
which is defined by the furthest distance migrated away from
each aortic ring, was also reduced in KO cultures (Figure 2f). To
assess whether CLEC14A has a similar function in vivo, sponge
barrels were implanted subcutaneously into CLEC14A KO mice.
Cellular infiltration and neoangiogenesis were stimulated using
basic fibroblast growth factor injections into the sponge every

2 days for 2 weeks. Macroscopic analysis of sponge sections
stained with haematoxylin and eosin revealed impaired infiltration
of cells into the sponge in clec14a−/− animals (Figures 2g and h). In
addition, vascularity was significantly reduced (Po0.01) for
clec14a−/− animals (Figure 2i). To confirm that the endothelial
cells lining the neoangiogenic vessels express clec14a in this
model, sponges and livers from CLEC14A KO mice were stained
with x-gal. Strong x-gal staining was observed on blood vessels
within the sponge compared with matched liver sections

Figure 2. Loss of CLEC14A inhibits sprouting in vitro and in vivo. (a) Schematic diagram of clec14a gene in C57BL/6 (clec14a+/+) or C57BL/
6(Clec14atm1(KOMP)Vlcg) (clec14a−/−) mice. (b) QPCR analysis of cDNA generated from three clec14a+/+ mice (white bars) and three clec14a−/− mice
(black bars) for the 5′-UTR, CDS and 3′-UTR of clec14a. Relative expression was determined by normalising expression to flotillin2. (c) Western
blot analysis of CLEC14A protein expression in lung lysates from clec14a+/+ and clec14a−/− mice using polyclonal antisera against murine
CLEC14A. Tubulin was used as a loading control. (d) Representative images of the aortic ring-sprouting assay from clec14a+/+ and clec14a−/−

mice. Scale bars= 200 μm. Quantitation of tubes formed per ring (e), and quantitation of the longest distance migrated away from the aortic
ring by an endothelial tube per aortic ring (f), data from 48 rings per genotype, 6 mice for each genotype; Mann–Whitney statistical test,
***Po0.001. (g) Representative images of haematoxylin- and eosin-stained sections of sponge implant from clec14a+/+ and clec14a−/− mice,
sections at the centre of the sponge were analysed. Black and white images represent the masks generated during the threshold analysis for
quantitation. (h) Quantitation of cellular invasion by threshold analysis of haematoxylin- and eosin-stained cellular material within the sponge
implants is shown in (g); Mann–Whitney statistical test, *Po0.05. (i) Quantitation of vessel density; Mann–Whitney statistical test, ***Po0.001.
(j) Sections of liver and sponge tissue stained with x-gal from clec14a−/− mice, counterstained with haematoxylin and eosin. Arrows indicate
vessels stained with x-gal and the increased intensity in the sponge tissue compared with the liver. Scale bars= 100 μm.
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implants is shown in (g); Mann–Whitney statistical test, *Po0.05. (i) Quantitation of vessel density; Mann–Whitney statistical test, ***Po0.001.
(j) Sections of liver and sponge tissue stained with x-gal from clec14a−/− mice, counterstained with haematoxylin and eosin. Arrows indicate
vessels stained with x-gal and the increased intensity in the sponge tissue compared with the liver. Scale bars= 100 μm.

CLEC14A-MMRN2 interaction in angiogenesis
PJ Noy et al

3

© 2015 Macmillan Publishers Limited Oncogene (2015) 1 – 11

number of tubes compared with that observed for CLEC14A
knockout (KO) mice (30.6 tubes compared with 13.4 tubes,
respectively) (Figure 2e). In addition, the maximum migration,
which is defined by the furthest distance migrated away from
each aortic ring, was also reduced in KO cultures (Figure 2f). To
assess whether CLEC14A has a similar function in vivo, sponge
barrels were implanted subcutaneously into CLEC14A KO mice.
Cellular infiltration and neoangiogenesis were stimulated using
basic fibroblast growth factor injections into the sponge every

2 days for 2 weeks. Macroscopic analysis of sponge sections
stained with haematoxylin and eosin revealed impaired infiltration
of cells into the sponge in clec14a−/− animals (Figures 2g and h). In
addition, vascularity was significantly reduced (Po0.01) for
clec14a−/− animals (Figure 2i). To confirm that the endothelial
cells lining the neoangiogenic vessels express clec14a in this
model, sponges and livers from CLEC14A KO mice were stained
with x-gal. Strong x-gal staining was observed on blood vessels
within the sponge compared with matched liver sections

Figure 2. Loss of CLEC14A inhibits sprouting in vitro and in vivo. (a) Schematic diagram of clec14a gene in C57BL/6 (clec14a+/+) or C57BL/
6(Clec14atm1(KOMP)Vlcg) (clec14a−/−) mice. (b) QPCR analysis of cDNA generated from three clec14a+/+ mice (white bars) and three clec14a−/− mice
(black bars) for the 5′-UTR, CDS and 3′-UTR of clec14a. Relative expression was determined by normalising expression to flotillin2. (c) Western
blot analysis of CLEC14A protein expression in lung lysates from clec14a+/+ and clec14a−/− mice using polyclonal antisera against murine
CLEC14A. Tubulin was used as a loading control. (d) Representative images of the aortic ring-sprouting assay from clec14a+/+ and clec14a−/−

mice. Scale bars= 200 μm. Quantitation of tubes formed per ring (e), and quantitation of the longest distance migrated away from the aortic
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Figure	  1	  	  
A)  SchemaIc	  diagram	  of	  wild	  type	  (clec14a+/+)	  and	  knock	  out	  

(clec14a-‐/-‐)	  clec14a	  gene	  in	  mice	  
B)  	  AorIc	  ring	  assay	  shows	  inhibiIon	  of	  sprouIng	  

angiogenesis	  	  
C)  	  Subcutaneously	  introduced	  sponge	  barrels	  show	  

decrease	  in	  vascularizaIon	  	  
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each aortic ring, was also reduced in KO cultures (Figure 2f). To
assess whether CLEC14A has a similar function in vivo, sponge
barrels were implanted subcutaneously into CLEC14A KO mice.
Cellular infiltration and neoangiogenesis were stimulated using
basic fibroblast growth factor injections into the sponge every

2 days for 2 weeks. Macroscopic analysis of sponge sections
stained with haematoxylin and eosin revealed impaired infiltration
of cells into the sponge in clec14a−/− animals (Figures 2g and h). In
addition, vascularity was significantly reduced (Po0.01) for
clec14a−/− animals (Figure 2i). To confirm that the endothelial
cells lining the neoangiogenic vessels express clec14a in this
model, sponges and livers from CLEC14A KO mice were stained
with x-gal. Strong x-gal staining was observed on blood vessels
within the sponge compared with matched liver sections

Figure 2. Loss of CLEC14A inhibits sprouting in vitro and in vivo. (a) Schematic diagram of clec14a gene in C57BL/6 (clec14a+/+) or C57BL/
6(Clec14atm1(KOMP)Vlcg) (clec14a−/−) mice. (b) QPCR analysis of cDNA generated from three clec14a+/+ mice (white bars) and three clec14a−/− mice
(black bars) for the 5′-UTR, CDS and 3′-UTR of clec14a. Relative expression was determined by normalising expression to flotillin2. (c) Western
blot analysis of CLEC14A protein expression in lung lysates from clec14a+/+ and clec14a−/− mice using polyclonal antisera against murine
CLEC14A. Tubulin was used as a loading control. (d) Representative images of the aortic ring-sprouting assay from clec14a+/+ and clec14a−/−

mice. Scale bars= 200 μm. Quantitation of tubes formed per ring (e), and quantitation of the longest distance migrated away from the aortic
ring by an endothelial tube per aortic ring (f), data from 48 rings per genotype, 6 mice for each genotype; Mann–Whitney statistical test,
***Po0.001. (g) Representative images of haematoxylin- and eosin-stained sections of sponge implant from clec14a+/+ and clec14a−/− mice,
sections at the centre of the sponge were analysed. Black and white images represent the masks generated during the threshold analysis for
quantitation. (h) Quantitation of cellular invasion by threshold analysis of haematoxylin- and eosin-stained cellular material within the sponge
implants is shown in (g); Mann–Whitney statistical test, *Po0.05. (i) Quantitation of vessel density; Mann–Whitney statistical test, ***Po0.001.
(j) Sections of liver and sponge tissue stained with x-gal from clec14a−/− mice, counterstained with haematoxylin and eosin. Arrows indicate
vessels stained with x-gal and the increased intensity in the sponge tissue compared with the liver. Scale bars= 100 μm.
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6(Clec14atm1(KOMP)Vlcg) (clec14a−/−) mice. (b) QPCR analysis of cDNA generated from three clec14a+/+ mice (white bars) and three clec14a−/− mice
(black bars) for the 5′-UTR, CDS and 3′-UTR of clec14a. Relative expression was determined by normalising expression to flotillin2. (c) Western
blot analysis of CLEC14A protein expression in lung lysates from clec14a+/+ and clec14a−/− mice using polyclonal antisera against murine
CLEC14A. Tubulin was used as a loading control. (d) Representative images of the aortic ring-sprouting assay from clec14a+/+ and clec14a−/−

mice. Scale bars= 200 μm. Quantitation of tubes formed per ring (e), and quantitation of the longest distance migrated away from the aortic
ring by an endothelial tube per aortic ring (f), data from 48 rings per genotype, 6 mice for each genotype; Mann–Whitney statistical test,
***Po0.001. (g) Representative images of haematoxylin- and eosin-stained sections of sponge implant from clec14a+/+ and clec14a−/− mice,
sections at the centre of the sponge were analysed. Black and white images represent the masks generated during the threshold analysis for
quantitation. (h) Quantitation of cellular invasion by threshold analysis of haematoxylin- and eosin-stained cellular material within the sponge
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Figure	  2	  	  
A)  Loss	  of	  CLEC14A	  in	  mice	  suppresses	  tumour	  growth	  	  
B)  Immunofluorescence	  staining	  of	  LLC	  tumour	  secIons	  shows	  less	  vessels	  in	  tumours	  

from	  the	  knock	  out	  mice	  

(Figure 2j). From these data, we can conclude that mouse
CLEC14A expression regulates endothelial migration and angio-
genic sprouting in vivo, as well as in vitro, and CLEC14A is
upregulated on sprouting endothelium.

CLEC14A promotes tumour growth
CLEC14A expression is found highly upregulated on human
tumour vessels compared with vessels from healthy tissue,
suggesting that cancer therapies could be targeted against
CLEC14A.9 Therefore, to investigate whether loss of CLEC14A
affects tumour growth, we used the syngeneic Lewis lung
carcinoma (LLC) model. For this, 1× 106 LLC cells were injected
subcutaneously into the right flank of either clec14a+/+ or clec14a−/−

mice. Tumour growth was impaired in the clec14a−/− mice
compared with clec14a+/+ littermates (Figure 3a). This was
confirmed by three independent experiments. Excised tumours
taken from clec14a−/− mice were smaller in size (Figure 3b) and
smaller in weight (Figure 3c) than clec14a+/+ littermates. To
determine whether the vascular density within these tumours was

also affected, tissue sections were stained with an anti-CD31
antibody. The analysis shows a reduced density of discrete vessels
(Figures 3d and e) and reduced percentage endothelial coverage
(Figure 3f). In healthy tissues, highest expression of x-gal in
sections from clec14a−/− mice was seen in the liver vessels (black
arrow), but was vastly less than that seen on both mature vessels
with erythrocyte-filled lumens (Figure 3g, black arrows) and
immature microvessels within the tumour (Figure 3g, red arrows),
confirming that clec14a is upregulated on tumour vessels.

Identification and confirmation of CLEC14A-MMRN2 interaction
To identify potential binding partners for the extracellular domain
for CLEC14A, we first purified CLEC14A extracellular domain
protein tagged with human Fc. This protein or Fc alone was
incubated with HUVEC whole-cell lysates and precipitated using
protein A agarose beads. The precipitated proteins were then
washed and separated on a sodium dodecyl sulphate–polyacry-
lamide gel electrophoresis (SDS–PAGE). Seven gel regions were
excised, digested and analysed by mass spectrometry. The most

Figure 3. Loss of CLEC14A inhibits tumour growth. (a) LLC tumour growth in clec14a+/+ (black line with dots) and clec14a−/− (black line with
squares) mice; two-way analysis of variance (ANOVA) statistical analysis, *Po0.05, **Po0.01 and ***Po0.001. (b) Representative images of
LLC tumours. (c) End-point tumour weight for seven clec14a+/+ (dots) and seven clec14a−/− (squares) mice; Mann–Whitney statistical test,
***Po0.001. (d) Representative images of immunofluorescent staining of LLC tumour sections stained for murine CD31. Scale bars= 100 μm.
Quantitation of vessel density (e) and percentage endothelial coverage (f) from clec14a+/+ and clec14a−/− mice; Mann–Whitney statistical test,
Po0.0001. (g) Sections of liver and LLC tumour tissue from clec14a−/− mice stained with x-gal, and counterstained with haematoxylin and
eosin. Scale bars= 100 μm.
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