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Abstract

Rationale—Angiogenesis plays an important role in wound healing and tumor growth.
Fucosyltransferases synthesize fucosylated glycans and may play a major role in vascular biology.

Objective—To examine the role of an alpha(1,2) fucosyltransferase (Fut2) in angiogenesis.

Methods and results—We found that Fut2 mRNA and protein expression is inducible in
human dermal micro-vascular endothelial cells (HMVECSs). After finding that Fut2 is inducible in
HMVECs, we examined if Fut2 contributes to angiogenesis. We found that Fut2 null endothelial
cell (EC) migration and tube formation were significantly less compared to wild type (wt) ECs.
Angio-genesis was impaired in Fut2 null compared to wt mice in the mouse Matrigel plug and the
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sponge granuloma angiogenesis assays. To assess the characteristics of Fut2 null ECs in vivo, we
performed Matrigel plug angiogenesis assays in wt mice using Fut2 null and wt mouse ECs. We
found a significant decrease in Fut2 null EC incorporation in neoangiogenesis compared to wt
ECs. ERK1/2 activation, fibroblast growth factor receptor2, and vascular endothelial growth factor
expression were less in Fut2 null ECs, suggesting a possible mechanism of impaired angio-genesis
when Fut2 is lacking.

Conclusions—These data suggest a novel role for Fut2 as a regulator of angiogenesis.
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Introduction

Fucosylated glycans are synthesized by a group of enzymes, called fucosyltransferases
(Futs), which add L-fucose to sugars, proteins, and lipids [1, 2]. Thirteen fucosyltransferase
genes have been identified in the human genome. These fucosyltransferases are involved in
the synthesis of various fucosylated glycans which have an important role in blood
transfusion reactions, selectin-mediated leukocyte-endothelial adhesion, and angiogenesis
[3-7].

Alpha(1,2)fucosyltransferase (Fut2) regulates the expression of the H antigen, a precursor of
blood group A and B antigens. Approximately 20 % of Caucasians are nonsecretors who do
not express ABO antigens in saliva, as they are homozygous for Fut2 null alleles [8, 9].
Non-secretion of ABO blood group antigens into body fluids is associated with the
development of cholera and infection with meningococcus, pneumococcus, and hemophilus
influenza [10, 11].

A number of studies have shown that fucosyltransferases contribute to cell growth, tumor
growth, and cell proliferation. Hiller et al. [12] have shown that transfection of human colon
carcinoma cells with antisense to fucosyltransferases-111 or -1 impairs the proliferation and
tumorigenic ability of these cells by disrupting the synthesis of sialyl Lewis*/@ (sLeX/3).
Silencing of Futl and Fut2, two members of alpha(1,2)fucosyltransferase, reduces the
expression of fucosylated nucleolin and inhibits bovine postcapillary venular endothelial cell
(EC) growth and proliferation [13]. These studies underscore the importance of
fucosyltransferases in tumor growth and proliferation.

In this study, we found that interleukin (IL)-1f and tumor necrosis factor-a (TNF-a)
upregulate Fut2 expression in human dermal microvascular endothelial cells (HMVECS).
Fut2 plays an important role in angiogenesis in vitro and in vivo, as there is impaired basic
fibroblast growth factor (bFGF)-mediated angiogenesis in Fut2 null compared to wt mice.
There was a marked decrease in fibroblast growth factor receptor2 (FGFR2) in Fut2 null
ECs compared to wild type (wt) ECs when these cells were stimulated with TNF-a. In this
study, we determined if there was a decrease in potent angiogenic factors in the absence of
Fut2. Fut2 null ECs have less vascular endothelial cell growth factor (VEGF) expression
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compared to wt ECs. In addition, ERK1/2 activation was absent in Fut2 null ECs. Targeting
Fut2 may be beneficial in treating angiogenesis-dependent diseases.

Materials and methods

HMVEC culture and induction of Fut2

HMVECs (1.5 x 10%/well) were plated on fibronectin coated 6-well plates and cultured in
EGM-2 with all growth factors. Medium was switched to EGM-2 with 0.1 % bovine serum
albumin (BSA) when cells were 80 % confluent. HMVECSs were stimulated with interleukin
(IL-1b, 1.7 nmol/L) for various time points.

Messenger (m)RNA and complimentary (c)DNA preparation from HMVECs

mRNAs were purified using RNAeasy mini RNA isolation kits in conjunction with
QIlAshredders (Qiagen Inc., Valencia, CA). cDNA were prepared using a one step Platinum
Supermix from Invitrogen following the manufacturer's instructions.

Reverse transcription (RT) PCR analysis for Fut2 mRNA expression in HMVECs

RT PCR was performed with cDNA using an Eppendorf Mastercycler (Westbury, NY).
Primers for Fut2 were (forward) 5’-CGA CTG GAT GGA GGA GGA-3’; (reverse) 5-GAG
CTC GGA ACC AGT CCA-3’ and primers for actin were (forward) 5’-GCC ATG TAC
GTT GCT ATC CA-3/; (reverse) 5’-GTC AGG CAG CTC GTA GCT CT-3'. The predicted
size for Fut2 is 308 bp, and for B-actin is 428 bp.

Quantitative (q)PCR analysis for Fut2 expression in HMVECs

HMVECs were stimulated with either IL-1p (1.7 nmol/L) or TNF-a (1.7 nmol/L) for one
hour followed by mRNA purification and cDNA synthesis. gPCR was performed with
Platinum SYBR Green gPCR SuperMix-UDG (Invitrogen, Carlsbad, CA) using an
Eppendorf Mastercycler ep realpex thermalcycler (Eppendorf, Hamburg, Germany). For
quantification, the relative abundance of each gene was normalized to B-Actin.

Isolation of mouse ECs

We performed all animal experiments with female mice (6-8 weeks old). All the animal
experiments were performed in accordance with National Institutes of Health guidelines and
the University of Michigan Medical School's Institutional Animal Care and Use Committee.
Fut2 null mice have been well characterized [14, 15]. Some of the C57BL/6 control mice
were bred in our animal facility while others were purchased from the National Cancer
Institute (Bethesda, MA).

ECs were isolated from Fut2 null and wt mouse lungs according to a modified method of
Marelli-Berg as specified by Miltenyi (Miltenyi Biotech) [16]. Mouse lungs were digested
enzymatically as described [17]. For each assay performed with mouse ECs, we harvested
fresh ECs from mouse lungs (6-8 mice/group).
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EC chemotaxis
Mouse EC chemotaxis was performed in 48-well modified Boyden chambers (NeuroProbe,
CabinJohn, MD) using Fut2 null and wt mouse ECs [18, 19]. Test substances included bFGF
(30 nmol/L, R&D Systems, Minneapolis, MN) and phosphate buffered saline (PBS, negative
control).

Matrigel in vitro tube formation assay with Fut2 null and wt mouse ECs

We performed EC tube formation on growth factor reduced (GFR) Matrigel using Fut2 null
and wt ECs harvested from mouse lungs, and compared the differences in EC tube formation
in response to bFGF (30 nmol/L) [18, 19]. The number of tubes formed was quantitated by
an observer blinded to the experimental groups.

Matrigel plug angiogenesis in vivo assay
To test the effect of Fut2 in angiogenesis in vivo, we performed Matrigel plug assays
employing Fut2 null and wt mice [18, 19]. Each mouse was given a subcutaneous injection
of sterile GFR Matrigel (500 uL/injection) with a 27-gauge needle. bFGF (30 nmol/L) was
used as a stimulus. After 7 days, the mice were euthanized, Matrigel plugs were dissected
out, and then analyzed for hemoglobin content.

Hemoglobin determination in the Matrigel plugs

Hemoglobin measurement was performed using hemoglobin standards from Sigma [18, 19].
Hemoglobin concentration is a reflection of the number of blood vessels in the plugs.

Immunofluorescence to detect angiogenesis in the Matrigel plugs

Some of the Matrigel plugs harvested from wt and Fut2 null mice were embedded in OCT,
sectioned, and immunofluorescence was performed using rabbit anti-mouse VWF antibody.

Sponge granuloma in vivo angiogenesis assay
To evaluate the angiogenic role of Fut2 in inflammatory conditions, we performed the
mouse sponge granuloma angiogenesis assay, an inflammatory model of angiogenesis, in
Fut2 null and wt mice [19]. Sponges were extracted after 7 days, homogenized, and assayed
for hemoglobin.

Matrigel plug angiogenesis assays using wt or Fut2 null ECs

Fut2 null and wt mouse ECs were dye-tagged with red PKH26 (Sigma Aldrich) and each
mouse was injected with GFR Matrigel (500 uL/injection) mixed with one million dye-
tagged wt or Fut2 null ECs. bFGF (30 nmol/L) was used as a stimulus. Plugs were harvested
after 10 days, embedded in OCT, and cryosections were quantitated by an observer blinded
to the experimental group for the incorporation of red dye-tagged wt or Fut2 null ECs.

Western blots for Fut2, FGFR2, and ERK1/2 phosphorylation

Fut2 null and wt mouse ECs were stimulated with TNF-a (1.7 nmol/L) or IL-1f (1.7
nmol/L) for 24 h. Cell lysates were collected and Western blots were performed using
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mouse anti-human Fut2 antibody (Santa Cruz), rat anti-mouse FGFR2 antibody (R&D
Systems)[18], or rabbit anti-human phospho-ERK1/2 antibody (Cell Signaling).

gPCR analysis for VEGF expression in mouse ECs
gPCR was performed to measure bFGF and VEGF using Platinum SYBR Green gPCR
SuperMix-UDG (Invitrogen, Carlsbad, CA) with Fut2 null and wt mouse ECs after
stimulating with IL-18 or TNF-a for 1 h. Primers used for mouse bFGF were (forward) 5'-
CACCAGGCCACTT CAAGGA-3, and (reverse) 5-GATGGATGCGCAGGAA GAA-3
[20], while primers for VEGF were (forward) 5-C AGGCTGCTGTAACGATGAA-3, and
(reverse) 5-CAG GAATCCCAGAAACAACC-3 [21]. For quantification, the relative
abundance of each gene was normalized to f-Actin.

Collecting conditioned medium from wt and Fut2 null mouse ECs

Mouse ECs were stimulated with IL-1f (1.7 nmol/L) or TNF-a (1.7 nmol/L) for 24 h,
conditioned medium collected, and enzyme linked immunosorbent assays (ELISAS) were
performed for VEGF and bFGF.

Statistical analysis

For statistical evaluation of all experiments, Student's t tests were performed. Stars indicate
significantly different values (*p < 0.05).

Results

IL-1B increases Fut2 mRNA expression in HMVECs
We performed RT PCR to detect Fut2 mRNA expression and found that Fut2 mRNA is
inducible in HMVECs. Fut2 mRNA expression in HMVECs was increased by IL-1§ in a
time-dependent manner with a maximal increase between 1 and 6 h. We did not find an
increase in Fut2 mRNA expression at 12 or 24 h (data not shown) (Fig. 1a).

IL-1p and TNF-a induce Fut2 mRNA and protein expression in HMVECs

To confirm the results obtained by RT PCR, we performed qPCR. We found that IL-1f or
TNF-a stimulated Fut2 expression significantly more compared to nonstimulated HMVECs.
Fut2 expression was increased twofold and threefold by TNF-a and IL-1p, respectively (Fig.
1b). The protein expression of Fut2 in HMVECs was also increased by TNF-a and IL-1f as
shown in Fig. 1c.

Confirmation of EC purity in mouse lung preparations

Before using these ECs in angiogenesis assays, cells were immunostained for EC markers.
Cells retained the morphological features of ECs and immunostained for vWF (Fig. 2a) and
CD31 (data not shown).

Fut2 null ECs migrate less than wt ECs in response to bFGF

To investigate the role of Fut2 in angiogenesis, we performed EC chemotaxis assays, a facet
of angiogenesis, with Fut2 null and wt mouse ECs. Fut2 null ECs had significantly (p <
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0.05) reduced migration compared to wt ECs in response to bFGF, suggesting that Fut2
plays an important role in EC chemotaxis (Fig. 2b). There was a twofold decrease in Fut2
null EC migration.

Fut2 is important in bFGF-induced EC tube formation

After finding that Fut2 null ECs migrate less in response to bFGF, we examined the
importance of Fut2 in EC capillary morphogenesis. We performed Matrigel tube formation
assays using Fut2 null and wt mouse ECs. Fut2 null ECs formed significantly less tubes on
Matrigel compared to wt ECs when stimulated with bFGF, suggesting that Fut2 is involved
in angiogenesis in vitro (Fig. 3a, b).

Matrigel plugs obtained from Fut2 null mice have less angiogenesis in vivo

After finding that Fut2 mediates two aspects of angiogenesis in vitro; EC migration and EC
tube formation, we determined if Fut2 also regulates angiogenesis in vivo. We performed
mouse Matrigel plug angiogenesis assays by employing Fut2 null and wt mice. Plugs
harvested from Fut2 null mice were pale yellow, whereas plugs harvested from wt mice
were red colored due to increased angio-genesis (Fig. 4a).

Fut2 null mice have decreased hemoglobin in the Matrigel plug angiogenesis assays

Hemoglobin was measured in the Matrigel plugs harvested from Fut2 null and wt mice.
Angiogenesis was significantly reduced in Fut2 null compared to wt mice in the Matrigel
plug angiogenesis assays in response to bFGF (30 nmol/L). We found more than a twofold
decrease in hemoglobin in Fut2 null compared to wt mice, pointing out the importance of
Fut2 in angiogenesis (Fig. 4b).

Plugs harvested from Fut2 null mice have less angiogenesis compared to wt plugs

To visualize the effect of bFGF-mediated angiogenesis in Fut2 null and wt mice, some of
the plugs were embedded in OCT, sectioned, and immunofluorescence was performed using
anti-vWF antibody, an EC marker. Plugs harvested from Fut2 null mice had significantly
reduced blood vessels compared to wt plugs (Fig. 4c, d).

Fut2 null mice have less angiogenesis in the inflammatory sponge granuloma model

There was a significant decrease in hemoglobin, a direct correlate of neovascularization, in
the sponges harvested from Fut2 null mice compared to the sponges from wt mice. A ~
threefold decrease in angiogenesis was found in Fut2 null sponges in comparison with wt
mouse sponges (p < 0.05, Fig. 4e).

Fut2 null ECs are less involved in angiogenesis compared to wt mouse ECs

We performed a unique in vivo assay using dye-tagged Fut2 null and wt mouse ECs. We
mixed either Fut2 null or wt ECs with Matrigel and performed Matrigel plug angiogenesis
assays in wt mice. We found a fourfold decrease in incorporation of Fut2 null ECs in blood
vessels in response to bFGF compared to wt ECs, pointing out that Fut2 is essential for EC
incorporation into blood vessels (Fig. 5a, b).
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FGFR2 is markedly decreased in Fut2 null ECs

After finding a defect in angiogenesis in Fut2 null mice, we investigated the mechanism of
impaired angiogenesis when Fut2 is lacking. We found a marked decrease in FGFR2 in Fut2
null ECs compared to wt ECs when these cells were stimulated with TNF-a. This indicates
that the decrease in FGFR2 may account for some of the impaired angiogenesis in Fut2 null
mice (Fig. 6a, b).

Fut2 null mouse ECs have less VEGF mRNA and protein expression compared to wt

mouse ECs

We found a twofold decrease in VEGF mRNA expression in Fut2 null ECs compared to wt
mouse ECs, when stimulated with IL-1p (1.7 nmol/L) or TNF-a (1.7 nmol/L) for 1 h (Fig.
6¢). To examine if there were differences in VEGF protein levels in Fut2 null and wt mouse
ECs, mouse ECs were stimulated with IL-1p (1.7 nmol/L) or TNF-a (1.7 nmol/L) for 24 h to
generate conditioned media for ELISAs. Fut2 null ECs had a twofold decreased VEGF
secretion compared to wt mouse ECs (Fig. 6d). We did not find a decrease in bFGF in Fut2
null ECs compared to wt ECs at both the mRNA and protein levels (data not shown). These
results suggest that lack of Fut2 may result in impaired angiogenesis due to decreased EC
VEGF production.

Fut2 null mouse ECs have less ERK1/2 phosphorylation compared to wt mouse ECs

After finding a decrease in FGFR and VEGF expression in Fut2 null ECs, we examined if
Fut2 is involved in phosphorylation of ERK1/2. While TNF-a and IL-1f induced significant
ERKZ1/2 phosphorylation in wt mouse ECs, they failed to activate ERK1/2 in Fut2 null
mouse ECs (Fig. 6e). The decrease in ERK1/2 phosphorylation in Fut2 null ECs may be
another mechanism of impaired angiogenesis.

Discussion

Angiogenesis is vital for many physiological and pathological conditions such as, wound
healing, embryogenesis, tissue repair, rheumatoid arthritis (RA), and tumor growth [22-24].
Angiogenesis is tightly regulated process which is triggered by a number of mediators such
as soluble E-selectin, bFGF, VEGF, and IL-8/CXCLS8 [3, 24, 25]. We and others have
shown that soluble E-selectin and its ligand, sLe*, are involved in capillary morphogenesis
[3, 7]

There is some controversy about Fut2 expression in response to proinflammatory mediators.
Some studies suggest that Fut2 is inducible while others suggest that Fut2 is not inducible by
proinflammatory mediators [13, 26, 27]. To resolve this issue, we initially performed RT
PCR and found that IL-1p induces Fut2 mRNA expression in HMVECs in a time dependent
manner. The maximum Fut2 mRNA induced by IL-1p was at 1 h (Fig. 1). We confirmed
our data by performing gPCR (Fig. 1b). We also showed that both IL-13 and TNF-a induced
Fut2 expression at protein level (Fig. 1c). Our findings support the notion that Fut2 mRNA
expression is inducible in ECs and human gastric cancer cells [13, 26]. Contrary to our
results, Nakamura et al. [26] found that cytokines such as IL-13 and TNF-a inhibited Fut2
mMRNA expression. The reason for this discrepancy may be that Nakamura et al. used human
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endometrial adenocarcinoma cell lines while we used normal human ECs. Our data is in
agreement with various reports that fucosyltransferases can be induced by a number of
inflammatory mediators [28, 29].

We and others have examined the contribution of a number of fucosyltransferases in
angiogenesis, tumor growth, and proliferation, but the role of Fut2 in angio-genesis has not
previously been determined [3, 5-7]. There are some disagreements regarding the role of
Fut2 in tumor growth and angiogenesis. One group showed that transfection of a rat
colorectal carcinoma cell line with rat Fut2 antisense ODNs decreased tumorigenicity [30,
31], while another study reported that development of colon tumors in mice is not affected
in double Fut2 null and Smad3 null mice [32]. To clarify the contribution of Fut2 in angio-
genesis, we employed Fut2 null ECs and Fut2 null mice in a number of angiogenesis assays.

Nguyen et al. [7] reported a role for sLe* (synthesized by fucosyltransferase I11) in capillary
morphogenesis, indirectly suggesting a role of Futs in EC tube formation. In this study, we
demonstrate that Fut2 plays an essential role in angiogenesis. We found that Fut2 null ECs
showed significantly less migration in response to bFGF compared to wt ECs. When Fut2
null and wt ECs were incubated on GFR Matrigel in the presence of bFGF, Fut2 null ECs
formed less tubes in comparison with wt ECs. This suggests that Fut2 regulates these two
aspects of angiogenesis in vitro; EC migration and EC tube formation. A recent study from
Plaumberi et al. [13] showed that silencing Fut2 or Futl inhibits EC proliferation and
growth, indirectly supporting the contribution of Fut2 in angiogenesis and our data is in
agreement with this report.

To evaluate the role of Fut2 in angiogenesis in vivo, we performed mouse Matrigel plug and
inflammatory sponge granuloma angiogenesis assays using Fut2 null and wt mice. We found
a significant decrease in angiogenesis in Fut2 null mice compared to wt mice, suggesting the
contribution of Fut2 in angiogenesis. Our data supports the notion that Fut2 and other
fucosyltransferases play an important role in tumor growth and proliferation, a process in
which angiogenesis is involved [5, 7, 30, 31].

After finding impaired angiogenesis in vitro and in vivo in Fut2 null ECs, we examined the
characteristics of Fut2 null ECs after injecting these cells into wt mice. To test this, we
performed a novel assay in which we mixed dye- tagged Fut2 null or wt ECs with Matrigel
using bFGF as a stimulus. We found a significant decrease in Fut2 null EC incorporation
into blood vessels compared to wt ECs in the Matrigel plugs, suggesting that Fut2 is
required for EC involvement in angiogenesis.

bFGF induces proliferation and differentiation of various cell types and is a potent
angiogenic factor that mediates its angiogenic effects by binding to cell surface receptors
called FGFRs [33, 34]. The interaction of FGFs and FGFRs impacts a variety of normal and
pathological processes including chemotaxis, tissue development, angiogenesis,
inflammation, and tumorigenesis [35]. FGFRs are glycosylated and a defect in glycosylation
of FGFR2 results in craniosynostosis syndrome [36]. Manifestations of impaired bFGF-
stimulated angiogenesis in vitro and in vivo prompted us to examine the expression of one
of the receptors of FGF. We found that fucosylation by Fut2 is required for FGFR2
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expression, as Fut2 null ECs express markedly decreased FGFR2 compared to wt ECs or
Futl null ECs. Futl is another alpha(1,2) fucosyltransferase which contributes to the
addition of fucose groups to a number of substrates (Fig. 6a). This implies the specificity of
Fut2 in FGFR2 expression and also suggests that each fucosyltransferase is specific in its
functions. Our data is in agreement with other reports suggesting that fucosylation plays an
important role in the function and expression of various growth receptors, such as VEGF
receptor-2, epidermal growth factor receptor, and a3, integrin in a variety of cell types [37—
39].

VEGF is the most potent angiogenic factors and is one of the best therapeutic targets for
treating cancers [24, 40]. Indeed, anti-VEGF reduces arthritis severity and joint angiogenesis
in mouse collagen induced arthritis [41]. After examining impaired angiogenesis in Fut2 null
mice, we assessed if angiogenic factors were decreased when Fut2 is lacking. We stimulated
Fut2 null and wt ECs with IL-1p or TNF-a, and performed gPCR and ELISAs for
angiogenic factors. We found a significant decrease in VEGF in Fut2 null ECs in
comparison with wt ECs. Hence, we demonstrate that fucosylation of FGFR2 and VEGF by
Fut2 is required for their expression. Another report has suggested that fucosylation of
nucleolin by Fut2 or Futl is required for the expression and activity of nucleolin in bovine
ECs [13]. In this study, the authors found that silencing RNA against Fut2 or Futl inhibits
fucosylation of nucleolin and EC proliferation. Our data is consistent with the above report
that fucosylation of some of the angiogenic factors and receptors is essential for their
expression.

We have previously shown that the signaling intermediates such as ERK1/2 plays a crucial
role in promoting angiogenesis [18]. Therefore, to further explore the mechanism of the
impaired angiogenesis seen in Fut2 null ECs, we stimulated these cells with IL-18 or TNF-a
and found that the ERK1/2 is not phosphorylated compared to wt ECs. This, together with
the lower expression of FGFR2 and VEGF, may account for the impairment of Fut2 null
ECs to form new blood vessels.

In conclusion, our data provides evidence that Fut2 is inducible in HMVECs. Fut2 is also a
direct regulator of angiogenesis, as well as a mediator of FGFR2 and VEGF expression.
Targeting Fut2 may provide a potential therapeutic in angiogenesis-dependent diseases such
as RA and tumor growth.
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Fig. 1.

a IgutZ mMRNA expression in HMVECs: IL-1p induced significantly more Fut2 mRNA
expression compared to nonstimulated (NS) HMVECs. Fut2 mRNA expression was
normalized to B-actin. This is one of the representative of three assays. b gPCR to examine
Fut2 mRNA expression in HMVECs: IL-18 and TNF-a induced more than twofolds
increase in Fut2 expression in HMVECs. ¢ Western blots to show Fut2 protein expression in
HMVECs: IL-1p and TNF-a markedly increased Fut2 protein expression. Results represent
the mean of 3 individual experiments + SEM. n = the number of experiments
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Fig. 2.
a Staining of mouse ECs with vVWF factor: Green immunofluorescence staining shows

mouse ECs harvested from Fut2 null mouse lungs. The top panel is VWF staining while the
lower panel is isotype IgG control. Nuclei of ECs stained with DAPI are blue. b Mouse EC
chemotaxis: EC chemotaxis was performed with the ECs harvested from Fut2 null and wt
mouse lungs. We used 6—8 mice/group. ECs from Fut2 null mice had less migration
compared to wt ECs in response to bFGF (p < 0.05). Results are expressed as mean + SEM.
Three high power fields (hpf) (x400) were counted in each replicate well. *p < 0.05 was
considered significant. n = number of replicates for each test group
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Fig. 3.

a E/Iatrigel tube formation assay: A representative Matrigel tube formation assay using Fut2
null or wt mouse ECs. Fut2 null mouse ECs formed less tubes compared to wt mouse ECs in
response to bFGF (30 nM). Photomicrographs were taken at 40x magnification. Arrows
indicate mouse EC tube formation. b Graph for EC tube formation: Fut2 null ECs formed a
twofold decrease in tube formation on GFR Matrigel as compared to wt ECs (p < 0.05).
bFGF (30 nmol/L) was used as a stimulus. Results represent mean + SEM and *p < 0.05
was considered significant. n = number of experiments for each test group
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Fig. 4.

a E/Iouse Matrigel plug angiogenesis assay: We show Matrigel plugs harvested from Fut2
null and wt mice on day 7. Arrows indicate blood vessels grown in response to bFGF (30
nmol/L). Plugs obtained from wt mice were red due to exuberant blood vessel growth
compared to plugs from Fut2 null mice. b Hemoglobin determination in the Matrigel plugs:
Fut2 null mice have significantly less hemoglobin compared to wt mice (p < 0.05). Results
are expressed as mean £ SEM. *p < 0.05 was considered significant. n = number of animals
in each group. ¢ VWF staining of plug cryosections: Immunofluorescence of plug
cryosections shows green blood vessels stained for vVWF. Arrows indicate more green
fluorescent blood vessels in the plugs harvested from wt mice. Figure 4c shows one of the
representative sections from each group. d Quantification of blood vessels in the Matrigel
plugs: Plugs stained with vVWF were quantitated by an observer blinded to the experimental
group. Plug cryosections obtained from Fut2 null mice had significantly reduced blood
vessels compared to wt plugs. Graph represents as mean + SEM. *p < 0.05 was considered
significant. n = number of mice in each group. e Mouse sponge granuloma angiogenesis
assays: Fut2 null mice had ~ threefold less hemoglobin, a measure of angiogenesis,
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compared to wt mice. Results represent mean + SEM and *p < 0.05 was considered
significant. n = number of the mice per group
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Fig. 5.

a Mouse Matrigel plug angiogenesis with dye-tagged Fut2 null or wt ECs: Fut2 null ECs
form less blood vessels in the Matrigel plugs when injected into wt mice. Arrows indicate
the formation of blood vessels by wt and Fut2 null ECs. There are more scattered Fut2 null
ECs compared to wt ECs. b Dye-tagged wt ECs form significantly more tubes compared to
Fut2 null ECs. Results represent mean + SEM and *p < 0.05 was considered significant. n =
number of the mice per group
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Fig. 6.

aSVestern blots for FGFR2: Western blots were performed with Fut2 null, Futl null, and wt
mouse EC lysates for FGFR2. Fut2 null ECs have markedly reduced FGFR2 compared to wt
and Futl null ECs. Blots were stripped and reprobed for B-actin to examine the equal
loading of protein. One of the representative assays is shown. b Immunofluorescence to
detect FGFR2 on Fut2 null and wt ECs: Fut2 null mouse ECs had markedly diminished
FGFR2 on ECs when they were stimulated with TNF-a for 24 h. Arrows indicate red
staining for FGFR2. The blue color is nuclei stained with DAPI. ¢ gPCR for VEGF
expression: We found a marked decrease in VEGF mRNA expression in Fut2 null ECs
stimulated with IL-1p or TNF-a. n = number of experiments performed using ECs harvested
from mice. d ELISAs for VEGF: Fut2 null mice have ~ twofold less VEGF secretion in
comparison with wt mouse ECs (p < 0.05). Results are expressed as mean = SEM and *p <
0.05 was considered significant. n = number of experiments. e Western blot for ERK1/2
phosphorylation: IL-1p and TNF-a stimulated ERK1/2 phosphorylation in wt ECs but not in
Fut2 null ECs
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