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Abstract

Proliferation and functional activation of endothelial cells
within a tissue site of inflammation are regulated by humoral
factors released by cells, such as T lymphocytes and mono-
cytes, infiltrating the perivascular space. In the present study
we investigated the effects of interleukin 3 (IL-3), an activated
T lymphocyte-derived cytokine, on cultured human umbilical
vein endothelial cells (HUVEC). Proliferative activity, evalu-
ated both by estimation of the fraction of cells in the S phase
and by direct cell count demonstrated that IL-3, at the dose of
25 ng/ml, enhances more than threefold both DNAsynthesis
and cell proliferation above baseline control conditions. Bind-
ing studies with radioiodinated ligand demonstrated that HU-
VEC constitutively express a small number of IL-3 binding
sites (- 99 binding sites per cell, with an apparent Kd of 149
pM). Accordingly, molecular analysis showed the presence of
transcripts for both a and ft subunits of the IL-3 receptor. Func-
tional activation of endothelial cells was evaluated by the ex-
pression of the endothelial-leukocyte adhesion molecule 1
(ELAM-1) transcript and by leukocyte adhesion. The ELAM-
1 gene transcript was clearly detectable 4 h after IL-3 addition
and started to decrease after 12 h. Moreover, IL-3-induced
ELAM-1 transcription was followed by enhanced adhesion of
neutrophils and CD4' T cells to HUVEC. The findings that
IL-3 can stimulate both proliferation and functional activation
of endothelial cells suggest that this cytokine can be involved in
sustaining the process of chronic inflammation. (J. Clin. In-
vest. 1993. 91:2887-2892.) Key words: endothelial cells * endo-
thelial-leukocyte adhesion molecule 1 * inflammation * inter-
leukin 3 * proliferation

Introduction

IL-3 is a glycoprotein that not only promotes the survival, pro-
liferation, and differentiation of hemopoietic progenitor cells
of several lineages including granulocytes, erythrocytes, mono-
cytes, megakaryocytes, and lymphocytes but also modulates
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the activity of mature cells ( 1). These effects are mediated by
specific high- or low-affinity membrane receptors (2-4). The
ability of the IL-3 receptor to bind its ligand with different
degrees of affinity depends on the presence of two transmem-
brane proteins, the a and f subunits (5, 6). Recent studies have
demonstrated that the a subunit binds specifically IL-3 (6),
while the ( subunit, which confers high affinity to the receptor,
is shared with GM-CSFand IL-5 receptors (7). IL-3 is pro-
duced predominantly by subfractions of CD4+ and CD8+ T
lymphocytes undergoing antigenic or mitogenic stimulation
( 1, 8) and by activated mast cells (9, 10). These cells are essen-
tial mediators of normal tissue inflammatory and allergic reac-
tions and of tissue damage in many autoimmune diseases.
They play an important role not only as effector cells, but also
as regulatory cells releasing a vast array of lymphokines ( 11).
At the site of inflammation, a massive infiltration of activated
T lymphocytes expressing the transcript of several lympho-
kines including IL-3 has been reported ( 12). However, no di-
rect evidence has been so far provided that IL-3 is locally re-
leased in this context, nor has a possible role of IL-3 in the
inflammatory process ever been taken into consideration.

Within tissue sites of inflammation, activated T lympho-
cytes are strictly associated with endothelial cells. These, in
turn, play a central role in the inflammatory process not only as
a target for injury but also, under the effect of leukocyte-
derived cytokines, perform a variety of metabolic functions
that influence the activity of smooth muscle, platelets, and poly-
morphonuclear leukocytes (PMN) ( 1 3). Moreover, the endo-
thelium controls the traffic of molecules and cells between the
blood and sites of immunological challenge. The promotion of
leukocyte adhesion to the vascular endothelium is a crucial and
early step in mounting an effective inflammatory or immune
response. Endothelial cells lining postcapillary venules and mi-
crocirculation express on their membranes leukocyte-specific
adhesion molecules both constitutively and in response to a
wide range of inflammatory mediators such as IL- 1 and TNF-a
(14-16). In particular, the vascular selectin, endothelial-leu-
kocyte adhesion molecule 1 (ELAM- 1)1, is inducible by in-
flammatory stimuli (17-18) and facilitates the adhesion of
PMN( 18, 19), monocytes (20), and discrete subsets of mem-
ory T lymphocytes to endothelial cells (21, 22). This process is
believed to be essential for the following steps of adhesion
strengthening and transmigration of leukocytes through the
vessel wall (15). Moreover, in some pathological conditions,

1. Abbreviations used in this paper: BCS, bovine calf serum; ELAM- 1,
endothelial-leukocyte adhesion molecule-i; FGF, fibroblast growth
factor; HUVEC, human umbilical vein endothelial cells.
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such as in immunologically mediated chronic inflammation,
an extensive vascular proliferation is known to occur (23). In
fact, inflammatory cells infiltrating the perivascular space, in-
cluding lymphocytes and macrophages, are also potent in-
ducers of endothelial cell proliferation (24, 25).

In this study we have investigated the effect of IL-3 on prolif-
eration and functional activation of human umbilical vein en-
dothelial cells (HUVEC). Wepresent evidence that unstimu-
lated HUVECexpress the transcript for both a and 13 subunits
of the IL-3 receptor and that they bind '25I-IL-3 with a single
class of high-affinity receptors. Wealso demonstrate that IL-3
stimulates proliferation and functional activation of endothe-
lial cells.

Methods

Cells. HUVECwere isolated from human umbilical cord within 4 h of
delivery by trypsin (Difco Laboratories, Inc., Detroit, MI) treatment
(0. 1%) and cultured in M199 (endotoxin tested, Sigma Chemical Co.,
St. Louis, MO) with the addition of 20% bovine calf serum (BCS)
(endotoxin tested, Hyclone Laboratories, Inc., Logan, UT) and 10 ng/
ml human recombinant fibroblast growth factor-13 (FGF) (kindly pro-
vided by Dr. F. Bertolero, Farmitalia/Carlo Erba, Nerviano, Italy).
HUVECwere characterized by morphologic criteria and positive im-
munofluorescence for factor VIII antigen. Contamination with blood
leukocytes was assessed by immunofluorescence analysis using an
anti-CD45 antibody.

HUVECproliferation. The proliferative activity of HUVECwas
assessed both by the determination of the fraction of cells in the S phase
and by direct cell count. These experiments were performed with cells
between the second and fourth passage. Cells were detached from con-
fluent cultures by trypsinization, washed, resuspended at 5 x 104/ml
in M199 with the addition of 20%BCS, seeded in 24-well plates(Costar
Data Packaging Co., Cambridge, MA), and allowed to adhere. After 24
h the medium was replaced with M199 with the addition of 15% BCS,
and the cells were incubated for different periods of time with 25 ng/ ml
IL-3 (human recombinant [hr] IL-3, a gift from Sandoz, Basel, Swit-
zerland) or 10 ng/ml FGF. Thereafter the medium and the growth
factors were replaced every other day. To evaluate the proportion of
cells in DNAsynthesis the cultures were pulse-labeled for the last hour
of incubation with [3H]thymidine (4 1sCi/ml) (New England Nuclear,
Boston, MA; 6.7 Ci/mM). Cytospin preparations of trypsin-detached
cells were then processed for autoradiography by standard methods.
Cell proliferation was evaluated by direct cell count on trypan blue-
negative cells with a hemocytometer.

Binding assay. Endothelial cells used for IL-3 binding studies were
on their third passage with no contaminant CD45+ cells. HUVECfrom
subconfluent cultures were detached by treatment with 1 mMEDTA
in PBS and gentle shaking, washed twice with cold PBS, and resus-
pended at the concentration of 1 X I0' in 100 ul of the binding buffer
(RPMI 1640 containing 10% BCS, 2 g/liter NaHCO3, 50 mg/liter
gentamicin, 4 X 10-5 M2-fl-mercaptoethanol, 10 mMHepes buffer,
pH 7, and 0.2% sodium azide). Increasing amounts of '251-hrIL-3
(Amersham International, Amersham, UK; sp act 560 Ci/mmol) were
dissolved in 100 ,ul of binding buffer and added to the cells. Nonspecific
binding was evaluated by adding 100-fold molar excess of cold IL-3 to
the radiolabeled cytokine before mixing with the cell suspension. After
90 min of incubation at 37°C, the cells were washed twice, resuspended
in 300 ul of binding buffer, layered over 300 ,l of BCSin polyethylene
microfuge tubes, and centrifuged at 10,000 g for 5 min at room temper-
ature. The supernatant was aspirated and cell pellets were sliced off for
determination of radioactivity. The radioactivity bound in the pres-
ence of excess of cold ligand was subtracted from the total binding to
yield the specific binding. Nonspecific binding accounted for 5-10% of
the total radioactivity bound. All samples were tested in duplicate and
the range of values of each set of duplicate determinations was always
< 10% of the mean value. IL-3 data analysis and curve fitting were

performed using the computerized LIGAND programs, Version 3.0 (El-
sevier-BIOSOFT, Cambridge, UK).

Northern blot analysis. Total cellular RNAwas isolated from HU-
VECby using guanidinium thiocyanate and isolated by acid phenol-
chloroform extraction (26). Cycloheximide treatment (20 jg/ml) was
performed for 2 h. Northern blot analysis was performed according to
standard methods as described (27). Filters were hybridized to 32P
random-priming labeled DNAprobes (27), washed for 30 min in 0.1
X standard saline-citrate/ 1%SDSat 520C, and exposed to X-ray film
for 2-4 d. The following probes were used: human IL-3 receptor a (6)
and: ((5) subunits cDNA, ELAM-1 cDNA (18), fl-actin cDNA.

Isolation and labeling human neutrophils and purified CD4' T
cells. Neutrophils were isolated from venous blood of normal donors
by gelatin sedimentation (2.5% gelatin in PBS, pH 7.2, for 30 min at
370C) and Ficoll-Hypaque gradient. CD4' T cells were obtained from
the mononuclear nonadherent cell fraction, by E-rosetting at 290C for
2 h and further purified by negative selection with anti-CD8 monoclo-
nal antibody and complement-mediated lysis. The isolated PMN(95-
100% PMN) and the CD3' CD4' lymphocytes were suspended in
M199 with 10% BCSfor "''In-labeling and for studies of adherence to
HUVECas described by Zimmerman et al. (28). For labeling with
"'In (Amersham International; sp act 12 mCi/,gg) - 20 X 106 PMN
and 50 X 106 CD4+ cells were suspended in 3 ml of M199 and added
with "'In at the final concentration of 1 gCi/ml and further processed
as described (28).

Adherence studies. Endothelial monolayers that had been tightly
confluent for a minimum of 24 h were washed with endotoxin-free
medium and incubated for 8 h at 37°C in an atmosphere of 5%CO2
with either IL- 1I f, IL-3, or IL-3 preincubated for 30 min with a neutral-
izing concentration of anti-IL-3 antiserum (kindly provided by Dr.
S. C. Clark, Genetics Institute, Cambridge, MA). Aliquots of 500 z1 of
labeled cell suspensions were then layered over the HUVECand incu-
bated at 37°C for 20 min. The cell suspensions were then carefully
aspirated from the monolayers, the monolayers were washed once with
medium, and the washings were added to the supernatants and
counted. The remaining endothelial cells were lysed in 10%Triton for 5
min, scraped, and counted individually. The percent adherence was
calculated by the formula: cpm (lysed cells)/cpm (supernatant) + cpm
(lysed cells).

Results

Cell proliferation. The effects of IL-3 on HUVECproliferation
were studied by culturing the cells in the presence of 25 ng/ml
of IL-3. Dose-response experiments (data not shown) demon-
strated that in our system this concentration yielded maximal
response. FGF, used as the reference growth factor, was added
at the concentration of 10 ng/ml. As shown in Table I, IL-3-
treated cultures showed an increase of cells in the S phase of
about two- and threefold above controls on days 2 and 4, respec-
tively. To confirm that IL-3-induced DNAsynthesis was re-
lated to cell proliferation, triplicate cultures of HUVECin 24-
well plates were incubated with IL-3 or FGFfor up to 8 d and
actual HUVECnumbers were determined every 2 d. As shown
in Table I, in the absence of growth factor, no significant in-
crease in the cell number was detected. IL-3 was able to support
cell proliferation up to day 6 with a maximal fivefold increase
of the seeded cell number. By day 8, in spite of medium replace-
ment, the number of cells fell. In contrast, FGF-treated cells
did not stop proliferating, reaching confluence on day 8.

Expression of IL-3 receptors on HUVECcells. In Fig. 1
Scatchard plot analysis of '251-IL-3 specific binding on HUVEC
is illustrated. The data yield a straight line indicative of a single
class of binding sites. The number of receptors expressed per
cell was 99±12 with a calculated apparent Kd of 149±30 pM.

IL-3R mRNAexpression. The presence of IL-3 receptors
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Table I. Effects of IL-3 and FGF-(3 on HUVEC
DNASynthesis and Proliferation

Days of
culture Controls IL-3 FGF

2 Percentage of cells in the S-phase 6.8 13.2 16.7
Number of cells* 6.3 8.5 8.7

4 Percentage of cells in the S-phase 5.8 21.5 41.5
Number of cells 5.1 1 1 13.3

6 Number of cells 4.4 24.3 41

8 Number of cels 3.5 21.4 confluent

* Number of cells per well per 1O-'. Cells were resuspended at 5 X 1O'
ml in M199 with the addition of 20% BCS, seeded in 24-well plates,
and allowed to adhere. After 24 h the medium was replaced with
M199 with the addition of 15% BCSand the cells were incubated for
different times with or without IL-3 (25 ng/ml) or FGF-(3 (10 ng/ml).
For the determination of the proportion of cells in the S phase, tripli-
cate cultures were pulse-labeled with [3H]TdR (4 MCi/ml) for 1 h on
the second and fourth day after the addition of the growth factors and
processed for autoradiography. Cell proliferation was assessed at the
indicated times by direct cell count on triplicate wells. The results
represent the means of three individual experiments.

on HUVECwas further investigated by Northern blot analysis.
Data shown in Fig. 2 demonstrate that the transcripts of the a
and (3 subunits of the IL-3 receptor are expressed in HUVEC.
The accumulation of the specific transcripts observed in cyclo-
heximide-pretreated cells indicate an efficient translation of
the a and (3 subunit mRNAs. The same transcripts were de-
tected in the M-07e cell line (4) used as positive control and
were absent in the bladder carcinoma 5637 cell line used as

0.2

0~~~

0.1

0

0 50 100

125 - - IL - 3 Bound (moLecuLes /cell)

Figure 1. Scatchard plot analysis of '23I-IL-3-specific binding to sub-
confluent endothelial cells. The cells were detached by treatment with
1 mMEDTAin PBS, washed, and resuspended at the concentration
of 1 X 10'. Increasing amounts of '251-IL-3 were added to the cells.
Nonspecific binding was evaluated by adding 100-fold molar excess
of cold IL-3 to the radiolabeled cytokine. The radioactivity bound
in the presence of excess of cold ligand was subtracted from the total
binding to yield the specific binding. All sample were tested in dupli-
cate and data reported are the mean of three individual experiments.

A Figure 2. Expression of
1 2 3 4 5

IL-3 receptor a and (3 sub-
12 3 4 5 unit mRNAs. Northern

low a p ha blot analysis of total RNA

subunit (20 ,g/lane) from un-

treated (lane 1) and cy-
cloheximide-treated (20
gg/ml per 2 h) (lane 2)
M-07e cells used as posi-

B tive control, from un-
1 2 3 4 5 treated (lane 3) and cy-

* cloheximide-treated (lane
4) subconfluent HUVEC,

beta and from 5637 cells (lane
subunit 5) used as negative con-

trol. The same filter was
hybridized with specific

cDNA probes for the a (A) and the fl (B) subunits of the IL-3
receptor.

negative control. The finding that both genes encoding for the
two subunits of the IL-3 receptor are expressed in HUVECis in
agreement with the presence of IL-3 high-affinity binding sites.

Transcriptional activation of ELAM-J. Stimulation of hu-
man endothelial cells in vitro with TNF, IL- 1, or bacterial lipo-
polysaccharide induces an activated state ( 14, 16). This activa-
tion includes the transient expression of ELAM- 1 whose tran-
script is first seen 1 h after agonist incubation and it is maximal
at 4 h ( 18). The results shown in Fig. 3 A demonstrate that IL-3
and IL- 1 (3-treated HUVECexhibit similar kinetics of ELAM-
1 gene expression. Moreover, as shown in Fig. 3 B, the specific-
ity of the IL-3 effect was confirmed by the ability of a rabbit
anti-human IL-3 antibody to inhibit ELAM-1 induction.
Dose-response analysis shown in Fig. 4 demonstrates that the
maximal effect of IL-3 on ELAM- I gene expression is achieved
at the concentration of 15-30 ng/ml.

Adherence of neutrophils and CD4' T cells to HUVEC.
Cytokine activation of endothelial cells increases the adherence
of peripheral blood leukocytes. Data reported in Table II dem-
onstrate that IL-3 is almost equally effective as IL-1 (73% vs.
81%) in stimulating neutrophils adhesion. In contrast, IL-3 is
more effective than IL-l on CD4+cell adhesion (55% vs. 39%).
Moreover, the results demonstrated that anti-IL-3 antiserum
almost completely prevents IL-3-induced cell adhesion.

Discussion

Vascular endothelium responds to various stimuli, not simply
as a target for injury, but by undergoing specific alterations in
function, metabolism, and structure that may directly influ-
ence the evolution and outcome of the response to injury ( 13,
14). A large number of studies have shown that inflammatory
cells and the factors they produce are potent inducers of HU-
VECproliferation and activation ( 14, 24, 25, 29). Activated T
lymphocytes and macrophages represent the major source of
such factors ( 11). Among the pathological processes in which
endothelial cells are locally related to activated T lymphocytes
are the immunologically mediated chronic inflammations,
such as rheumatoid arthritis and other autoimmune diseases.
Moreover, activated T lymphocytes, which massively infiltrate
inflamed tissue, e.g., allergen-injected sites, express the tran-
scripts of several lymphokines, including IL-3 (12). These ob-
servations led us to investigate a possible role of this factor on
proliferation and functional activation of endothelial cells.

Interleukin 3-induced Proliferation and Functional Activation of Endothelial Cells 2889
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The increase of the proportion of cells in the S phase and of
the cell number seen by our experiments clearly demonstrates
that IL-3 stimulates both DNAsynthesis and cell proliferation
and shows that IL-3 not only recruits HUVECin the cycle but
also drives them through cell division. Moreover, the finding
that IL-3-sustained proliferation declines after a few days, even
with continuous replacement of medium and growth factor,
suggests, as recently reported (30), that a self-limiting growth
mechanism could also be operating. The recent report on the
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Figure 4. IL-3 dose-dependent ELAM-l gene activation. HUVEC
monolayers were incubated for 4 h in medium alone (lane 1) or me-
dium containing the indicated concentrations of IL-3 (lanes 2-6).
Total cellular RNA(20 ,ug/lane) was isolated and Northern blot was

prepared as described. To verify equal RNAloading among lanes the
filter was rehybridized with fl-actin specific cDNAprobe.

Figure 3. (A) Kinetics of ELAM-1 gene activa-
tion by IL-1 I3 and IL-3. HUVECmonolayers
were incubated in medium alone (lane 1) or me-
dium containing IL- I (hrIL- I fl, Genzyme Corp.,
Cambridge, MA; 10 U/ml) (lanes 2-6), or IL-3
(20 ng/ml) (lanes 7-11) for the times indicated.
Total cellular RNA(20 ,g/lane) was isolated
and Northern blot was prepared as described. To
verify equal RNAloading among lanes the filter
was rehybridized with f3-actin-specific cDNA
probe. (B) Inhibition of IL-3-induced ELAM-1
gene activation by anti-IL-3 antiserum. HUVEC
were incubated for 4 h in medium alone (lane
1), in medium additioned with 20 ng/ml IL-3
(lane 2), or in medium additioned with 20 ng/
ml IL-3 preincubated for 30 min with neutra-
lizing concentration of anti-IL-3 antiserum
(lane 3).

increase of endothelial cell number observed in patients treated
with IL-3 (31 ) suggests that the effect of IL-3 on HUVECprolif-
eration may also be operative in vivo.

Wehave also shown that this effect is mediated by a small
number of high-affinity receptors. This finding is in agreement
with the observation that normal blood cells, such as mono-

cytes (32) and eosinophils (3), and IL-3-dependent cells (4)

Table II. Effect of IL-3 on Neutrophils
and CD4+ Cells Adherence to HUVEC

Percentage of adherent cells

Agonists Neutrophils CD4' cells

Buffer 22.6±6.5 19.3±3
IL-l1f 41±7 27±4
IL-3 39.3±7.3 30±4.6
IL-3 + anti-IL-3 25±6 21±2

Tightly confluent endothelial cells in 24-well tissue culture plates were
stimulated for 8 h with either IL-1h (10 U/ml), IL-3 (20 ng/ml), or
IL-3 (20 ng/ml) preincubated for 30 min with neutralizing amount of
anti-IL-3 antiserum. "'In-labeled neutrophils (2.5 X 106) or CD4+
cells (7.5 x 106) were resuspended in 0.5 ml of M199, layered over
endothelial cells in individual wells, and incubated for 20 min at
37°C. The percentage of adherent cells was calculated as described.
Data reported represent the mean of seven separate experiments each
performed in duplicate.
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express a limited number of high-affinity IL-3 receptors. The
human high-affinity IL-3 receptor is composed of an IL-3-spe-
cific a subunit, which specifically binds IL-3 (6), and by a :
subunit, which is shared with the receptor for GM-CSF(6) and
the receptor for IL-5 (7). Wetested the ability of these cyto-
kines to compete with IL-3 binding sites. The results (not
shown) demonstrated that the IL-3 binds specifically to its re-
ceptor, and that neither GM-CSFnor IL-5 competes with IL-3
for the binding to its receptor. Wealso present evidence that
HUVECexpress the transcripts for both the a and ,3 subunits of
the IL-3 receptor. The mRNAsof the two subunits are clearly
detectable only when the cells are treated with cycloheximide,
an inhibitor of mRNAtranslation. This observation suggests
that HUVECefficiently transcribe and translate the IL-3 recep-
tor genes.

The recruitment of leukocytes from the blood is one of the
most dramatic cellular responses to tissue damage and inflam-
mation, and is central to the physiologic trafficking of lympho-
cytes. Leukocyte extravasation is exquisitely regulated in vivo
by mechanisms of selective mutual leukocyte-endothelial cell
recognition (14). The inflammatory cytokines IL-l and TNF,
and bacterial endotoxins act directly on cultured human endo-
thelium to increase the adhesion of blood leukocytes ( 17, 18).
This event occurs through an activation of endothelium in-
cluding the transient expression of endothelial cell surface mol-
ecules that promote leukocyte adherence. These adhesion mole-
cules include intracellular adhesion molecule 1 (33, 34),
ELAM- 1 ( 18), and vascular cell adhesion molecule 1 (35, 36).
In particular, neutrophyls first bind ELAM- 1 expressed on the
membrane of endothelial cells activated by IL- 1 or TNF ( 14,
17, 18). Similarly, in the chronic inflammation of the skin, the
binding of T lymphocytes to cytokine-stimulated endothelial
cells involves the expression of ELAM- 1 (21). However, this
initial interaction may be insufficient to overcome intravascu-
lar shear force completely; a second step involving adhesion
strengthening ensures a complete stop of leukocytes followed
by transmigration through the venular wall ( 15). Thus,
through this two-step process, the sites of recalcitrant inflamma-
tion can cause a chronic immigration and accumulation of
antigen-specific lymphocytes and monocytes. These cells, acti-
vated in response to inflammatory cytokines, may release IL-3
among other inflammatory mediators ( 12).

The results of this study provide the first evidence that IL-3,
like IL- 1 and TNF, activates ELAM-1 gene transcription and
stimulates neutrophils and CD4' T cell adhesion to HUVEC,
suggesting a regulatory role of this lymphokine in the leuko-
cyte-endothelial cell recognition. It can be speculated that the
effects of IL-3 on endothelium may be indirect, in that it may
be mediated by IL- 1 produced by endothelium itself. However,
the finding that IL- 1 inhibits (29, 30), whereas IL-3 stimulates
endothelial cell proliferation, and that ELAM-1 gene expres-
sion after IL-3 stimulation displays the same kinetics of that
induced by IL- 1 ( 18), argues against this supposition.

Proliferation and functional activation of endothelial cells
in vivo and in vitro can be elicited by a vast array of lympho-
cyte- or monocyte-derived factors. Some of these factors, like
GM-CSFand G-CSF (37, 38), have been reported to induce
proliferation and migration of endothelial cells, whereas
others, like IL- 1 and TNF, induce endothelial cells to express
adhesion molecules and to negatively modulate their prolifera-
tion ( 18, 29, 30). The present study demonstrates that IL-3
stimulates not only HUVECproliferation but also ELAM-1

gene activation and neutrophil and CD4+cell adhesion. These
findings suggest that locally released IL-3 may support the
coexistence of neovascularization and leukocyte recruitment
within the sites of chronic inflammation.
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