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Rapid Communication
Interleukin-4 Induces the Synthesis and
Secretion of MCP-1/JE by Human
Endothelial Cells

Barrett J. Rollins* and Jordan S. Pobert
From the Division ofMedicine, * Dana-Farber Cancer
Institute, Harvard Medical School and the Department of
Pathology,t Brigham and Women's Hospital, Harvard
Medical School, Boston, Massachusetts

The authors have demonstrated that human interleu-
kin-4 (IL-4) induces increased expression of the
mRNA encoding the monocyte-specific chemoattrac-
tant and activator, MCP-I/JE, in human endothelial
cells (EC). In addition, treatment of ECs with IL-4
resulted in the synthesis and secretion of MCP-I/JE
protein While IL -4 did not significantly influence the
induced expression of MCP-I/JE mRNA by interleu-
kin-I (IL-I) or tumor necrosis factor, concomitant
treatment with IL-4 and IL-I caused more secretion
ofMCP-I/JEprotein than either cytokine alone. These
results suggest that EC-produced MCP-I/JE may me-
diate some ofIL-4's effects on monocytephysiology in
vivo, including IL-4's anti-tumor properties (Am J
Pathol 1991, 138:1315-1319)

Interleukin-4 (IL-4) is a T-helper lymphocyte-produced
cytokine that displays pleiotropic effects in vitro. Initial
studies described its ability to stimulate murine B-
lymphocyte proliferation,1 class switching,2 and in-
creased class 11 major histocompatibility (MHC)
expression.3'4 Interleukin-4 was later shown to act on hu-
man B cells to promote isotype switching and to increase
expression of low-affinity Fc e receptors (CD23).5 Human
IL4 also can stimulate T-lymphocyte proliferation6 and
influence the generation of cytolytic T cells.7 In addition,
there is substantial evidence that IL-4 is involved in reg-
ulating monocyte and macrophage function. For exam-
ple, murine IL4 can activate the tumoricidal properties of
mouse peritoneal macrophages in vitro,8 while human
IL4 inhibits the respiratory burst910 and IL-i,1112 tumor
necrosis factor (TNF),12 IL-6,13,14 and IL-815 secretion by

human monocytes. Interleukin4 may contribute to mono-
nuclear leukocyte recruitment into tissues by inducing
vascular endothelial cell (EC) expression of vascular cell
adhesion molecule-1 (VCAM-1), an adhesive molecule
for monocytes and lymphocytes.16_18

Much less is known about IL4's physiologic function
in vivo. Recently it has been found that IL-4 can activate
murine macrophages to prevent tumor growth.19 How-
ever IL4 does not display chemotactic activity for mono-
cytes in vitro, and it is not known whether IL4 acts directly
on monocytes or induces the expression of an interme-
diate monocyte-specific cytokine. A candidate mediator
would be monocyte chemoattractant protein-1 (MCP-1),
a monocyte-specific chemoattractant2021 and stimu-
lant22,36 that is the product of the JE gene.2325 We pre-
viously demonstrated that IL-1-, TNF-, or IFN-y-activated
human endothelial cells secrete MCP-1/JE,26 and re-
cently showed that MCP-1 /JE activates monocyte tumor-
icidal activity in vivo.27 Here we report that IL-4 induces
ECs to synthesize and secrete MCP-1/JE. We propose
that this action of IL4 may contribute to the appearance
of activated monocytes at the site of IL-4 production.

Materials and Methods

Cell Culture and Cytokines

Human ECs were isolated from three to five umbilical
veins by collagenase digestion, pooled, and serially sub-
cultured. Culture conditions and reagents have been de-
scribed elsewhere.28 Cytokines used in these studies
were added to ECs in complete medium and included
recombinant human IL-4 (expressed in yeast, 1.0 x 108
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U/mg, Genzyme Corp., Boston, MA), IL-1 1B (expressed in
Escherichia coil, 1.0 x 107 U/mg, a gift of Dr. A. Shaw,
Biogen, Geneva, Switzerland), and human TNF (ex-
pressed in E. coli, 2.5 x 107 U/mg, a gift of Biogen, Cam-
bridge, MA). The IL-4 preparation contained less than 3
ng/ml endotoxin. All experiments were conducted at sub-
cultures three to five, by which time mononuclear phago-
cytes were not detectable in these cultures.

RNA Analysis

RNA was isolated from 3-5 x 106 cells by guanidinium
isothiocyanate extraction followed by centrifugation
through cesium chloride.' RNA was electrophoretically
fractionated through a 1.5% agarose-2.2 mol/I (molar)
formaldehyde gel and transferred to nitrocellulose or ny-
lon-based filters. Baked or ultraviolet-cross-linked filters
were hybridized at 420C as described.24 Probes were
labeled by nick translation or random priming to a spe-
cific activity of 188-109 CPM/,g and included the follow-
ing: MCP-1/JE, the Xhol fragment from phJE-34;23 and
NAP-1/IL-8, a Pstl-EcoRI fragment from the NAP-1/IL-8
cDNA cloned into pKK233-2, a gift of Dr. S. L. Kunkel
(University of Michigan Medical School, Ann Arbor, Ml).
Densitometry measurements were performed using an
LKB Ultrascan enhanced laser densitometer (Pharmacia
LKB Biotechnology Inc., Piscataway, NJ).

dard culture conditions (Figure 1). Treatment of human
ECs with 10 to 1000 U/ml IL4 for 24 hours induces in-
creased expression of MCP-1/JE mRNA in a dose-
dependent fashion (Figure 1). Treatment of these cells
with 100 U/ml L4 for increasing periods of time leads to
increasing levels of MCP-1/JE mRNA expression up to 72
hours. MCP-1/JE expression was unlikely to be due to
endotoxin contamination for several reasons. First ECs do
not respond to less than 100 ng/ml endotoxin, while the
maximum endotoxin level of the IL-4 preparation was 3
ng/ml. Second, while endotoxin induces IL-8 expression
in ECs,3 IL-4 did not (Figure 2). Third boiling destroyed
IL4's ability to induce MCP-1/JE expression (data not
shown).

IL-4 Does Not Affect IL-1- or TNF-induced
MCP-11JE Expression

Interleukin4 has been reported to modulate the effects of
other cytokines on various target cells. For example, IL4
inhibits IL-1- or TNF-induced secretion of IL-8 by
monocytes.15 Figure 2 shows that concomitant treatment
with 300 U/ml IL-4 does not alter the IL-1- or TNF-
induced expression of MCP-1/JE mRNA in ECs. We also
confirm that IL-4 neither induces IL-8 mRNA expression
in ECs nor prevents the induction of IL-8 mRNA expres-
sion by IL-1 or TNF3-4 (Figure 2).

Immune Precipitation
Four 10-cm tissue culture dishes, each containing 2 x
106 confluent endothelial cells in growth medium, were
treated with 10 U/ml IL-1,B, 300 U/ml IL4, IL-1 P and IL-4
at the same concentrations, or nothing. After 4 hours,
[3S]-methionine (DuPont NEN, Boston, MA) was added
to 333 mCi/ml. At the indicated times, 0.5 ml medium was
withdrawn from each flask and made 2 mmol/l (millimolar)
in phenylmethylsulfonyl fluoride (PMSF). Cells and debris
were removed by centrifugation, an equal volume of
RIPA buffer (50 mmol/I TRIS-HCI [pH 7.5], 150 mmol/l
NaCI, 0.1% sodium dodecyl sulfate (SDS), 1% Triton X-
100, 0.5% deoxycholate, 1 mmol/l PMSF) was added,
and immune precipitation carried out with anti-JE antise-
rum or control serum as described23 after preclearing
with control serum and Staphylococcal protein A beads
(BioRad, Richmond, CA).

Results

IL-4 Induces MCP-1/JE mRNA Expression
in Endothelial Cells
As noted previously by us26 and by others,3032 human
ECs express low levels of MCP-1/JE mRNA under stan-

IL-4 Stimulates Endothelial Cells to
Synthesize and Secrete MCP-1IJE

Having demonstrated MCP-1/JE mRNA induction by IL-
4, we wanted to determine whether IL4 induced ECs to
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Figure 1. Human ECs were treated as indicated, varying the
amount or time ofexposure to IL-4. I-1 3-IreatedECs (10 Ulmlfor
24 hours) is included as a positive control, andNA (no addition)
indicates untreated ECs in unchanged growth medium for 72
hours. RNVA was isolated and MCP-1/JE mRNA content was ana-
lyzed by Northern blotting as described in Materials and Methods.
Similar levels ofMCP-1/JE mRNA induction by IL-4 were observed
in five additional independent experiments.
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the same level as 72 hours of IL-1 treatment. Although we
did not observe an interaction between IL4 and IL-1 at
the mRNA level, concomitant treatment with IL-4 and IL-1
appears to enhance the synthesis and secretion of MCP-
1/JE protein compared to either cytokine alone.

MCP-1IJE

Figure 2. Human ECs were treated with IL-4(300 U/ml), IL-1 (10

U/mi), and TNF (100 U/ml) alone or in combination as indicated
NA indicates no cytokine treatment Levels ofMCP-1/JE mRNA and
IL-8 mRNA were determined on the same Northern blot as de-
scribed in Materials and Methods. Similar results were obtained in
two additional independent experiments

synthesize and secrete MCP-1/JE protein. Figure 3
shows that after 24 hours of IL-4 treatment, ECs secrete
little detectable MCP-1/JE protein. As reported
previously,-6 treatment with IL-1 during the same period
of time results in MCP-1/JE secretion. By 72 hours, how-
ever, IL-4 induces MCP-1/JE synthesis and secretion to

Discussion

We have demonstrated that treating human endothelial
cells with IL-4 induced (1) the accumulation of MCP-1/JE
mRNA and (2) the synthesis and secretion of MCP-1/JE
protein. In an earlier communication, we demonstrated
that MCP-1/JE secreted by these cells was active as a

monocyte-specific chemoattractant and that this protein
accounted for nearly all the monocyte chemoattractant
activity secreted by IL-1-treated endothelial cells.26 In
most natural and recombinant expression systems, hu-
man MCP-1/JE is synthesized as two proteins of Mr
15,000 (a form) and 1,000 (3 form), differing in their
extent of 0-linked glycosylation.35 Like IL-1, IL-4 induced
endothelial cells to secrete almost exclusively the a form.

Figure 3. Human ECs were treated with Il-4
(300 U/ml), IL-10 (10 U/ml), both cytokines in
combination, or no addition (NA). After 4
hours, [35S]methionine was added as de-
scribed in Materials and Methods. After afur-
ther 24-hour and 72-hour incubation, ali-
quots of medium were removed and ana-
lyzed by immune precipitation using anti-
MCP-1/JE antiserum or preimmune serum
(PI). Molecular size markers in kilodaltons
are indicated. Specifically precipitated
MCP-1/JE-a protein ofMr 15,000 is observed
in the lanes from cytokine-treated cells. IL-4
induction ofMCP-1/JEprotein was confirmed
in an additional independent experiment.

24 hr

Vs

-J

z --w

72 hr

VW

_ J

_
a%

_t I_ _V W

-L L

130 -

75 -

50 -

39 -

27-

17 -

z -

IL
z
J-

-JVI1
U-

liL 4t

z J

- IL-8



1318 Rollins and Pober
AJPJune 1991, Vol. 138, No. 6

Endothelial cells remain one of the few cell types to dis-
play differential synthesis of the two forms of human
MCP-1/JE.

Our results help to extend the connection between
IL4 and the physiology of mononuclear phagocytes. Al-
though IL4 itself is not a chemoattractant for monocytes,
local release of this cytokine could stimulate endothelial
cells to secrete MCP-1/JE. Monocytes that adhere to the
vascular wall by means of ILA--induced VCAM-1, dis-
played on the same endothelial cells,1-18 may be
uniquely positioned to respond to EC-produced MCP-
1/JE. In the milieu of a general inflammatory response,
ILA's interactions with other cytokines may result in a
complex set of signals. For example, IL-4 can inhibit the
secretion of IL-8 by activated monocytes, suggesting that
ILA can down regulate a neutrophil response.15 Interleu-
kin-4 has also been reported to inhibit IL-1-induced ex-
pression of ICAM-1 and ELAM-1.7 However we saw no
effect of IL4 on the expression of IL-1- or TNF-induced
IL-8 mRNA in ECs (Figure 2), and when normalized to an
irrelevant surface antigen, we have not been able to con-
firm an effect of IL-4 on IL-1-induced ELAM-1 or ICAM-1
expression by ECs (data not shown). (We have not ex-
amined the effect of IL-4 on the secretion of IL-1- or TNF-
induced IL-8 protein.) Thus although IL4 actions on ECs
may contribute to mononuclear cell infiltration, we urge
caution in accepting the proposal that IL4 changes ECs
so as to promote infiltrates rich in mononuclear cells at the
expense of neutrophils.

Our data may partly explain the observation that ex-
pression of murine IL4 by malignant cells prevented their
growth in vivo after subcutaneous injection.19 The mech-
anism of IL-4-induced tumor suppression appeared to
rely on a local accumulation of activated mononuclear
cells and eosinophils. Based on IL4's in vitro properties,
however, it was not clear how this infiltrate was elicited.
We have performed similar experiments using malignant
cells engineered to express human or murine MCP-1/JE,
and found not only that such expression suppressed tu-
mor growth in vivo but also that the elicited infiltrate was
qualitatively similar to the IL-4-induced infiltrate.27 The
results in the present communication raise the possibility
that IL-4's anti-tumor effect in vivo may be mediated by
MCP-1/JE produced by endothelial cells, or perhaps
other cell types we have not yet identified.
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