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Interleukin-4 Down-Regulates Adult Human
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The T lymphocyte-derived cytokine, interleukin-4
(IL-4), was found to inhibit dose dependently
basal DNA synthesis of cultured non-neoplastic
human astrocytes isolated from epilepsy white
matter tissue. The mitogenic effect of tumor ne-
crosisfactor on astrocytes was also inhibited by
IL-4, and the inhibitory effect was abrogated by
anti-IL-4 antibody but not by irrelevant IgG.
Immunofluorescent analysis indicated signifi-
cantly reduced numbers ofglialfibrillary acidic
protein-positive astrocytes incorporating nu-
clear bromodeoxyuridine in IL-4-treated cultures
compared to controL These findings indicate
that human adult astrocyte proliferation, in
contrast to that reportedfor endothelial cells or
fibroblasts, is sensitive to down-regulation by
IL-4. (AmJPathol 1993, 143:337-341)

Interleukin-4 (IL-4) is a pleiotrophic, T cell-derived cy-
tokine.1 Described initially as a B cell growth factor,2
IL-4 has since been found to regulate a wide range of
immune responses. IL-4 has been shown to enhance
growth of T lymphocytes and mast cells,3 augment
cytolytic T cell activity,4 down-regulate monocyte cy-
tokine production,5 and modulate major histocompat-
ibility complex antigen expression in normal hemato-
poietic cells.6
The effects of IL-4 on astrocytes have not been es-

tablished, to our knowledge, although astrocyte ex-
posure to IL-4 may be hypothesized based upon im-
munohistochemical detection of T lymphocytes within

the central nervous system during pathological con-
ditions. In multiple sclerosis, for example, immuno-
histochemical studies from our laboratory and others
have demonstrated abundant CD4+ and CD8+ T
lymphocytes in the area of multiple sclerosis lesions.
7-10 Both CD4+ and CD8+ T cells have been shown
to produce IL-4 in man; however, IL-4 production
seems to be associated with a suppressor CD8+
subset, and with CD4+ T helper cells that regulate
antibody synthesis.11

Several studies indicate that T cell-derived lym-
phokines can markedly alter the functional properties
of normal astrocytes. Interferon-y enhances class 11
major histocompatibility complex antigen expression
on murine and human astrocytes12,13 and has also
been reported to stimulate in vitro astrocyte prolifer-
ation and in vivogliosis.14 Glial cell proliferation is also
augmented by other T cell-derived products.15 We
demonstrate in this report that IL-4 down-regulates
proliferation of adult human astrocytes, even in the
presence of a mitogenic cytokine such as tumor ne-
crosis factor (TNF). These data suggest that in vivo,
IL-4 may counterbalance the stimulatory effects of in-
flammatory cytokines on astrocytosis.

Materials and Methods

Cell Culture

The astrocyte-rich, adult human glial cell line, W3N,
was derived from temporal lobe white matter ob-
tained during lobectomy for intractable epilepsy.
Detailed characteristics have been previously de-
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scribed."6 Experiments were carried out utilizing
second through fourth passage cells from cryo-
genic storage.

Immunofluorescent Analyses

Cells were cultured on coverslips (75,000 cells/
coverslip) and incubated for 48 hours with or with-
out recombinant IL-4 (50 ng/ml, Genzyme, Cam-
bridge, MA) in Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 2% fetal
bovine serum, 1-glutamine, and antibiotics (GIBCO,
Grand Island, NY) (cRPMI). Cultures were incu-
bated with 25 pmol/L bromodeoxyuridine (BrdU) for
24 hours before double-labeled immunofluorescent
analysis as previously described.17 After denatur-
ation of native DNA, coverslips were incubated se-
quentially with rabbit anti-cow glial fibrillary acidic
protein (GFAP), 1:50 (Dako, Carpinteria, CA); fluo-
rescein isothiocyanate-conjugated goat anti-rabbit
IgG, 1:20 (Kierkegaard and Perry, Gaithersburg,
MD); and fluorescein isothiocyanate-conjugated
anti-BrdU, 50 ug/ml (Boehringer-Mannheim, India-
napolis, IN). Coverslips were mounted in 90% glyc-
erol, and 20 high-power fields (200x) per coverslip
were examined under fluorescence microscopy by
a single observer (MLE). Results were expressed as
the percentage of GFAP(+) cells containing nuclear
BrdU within each culture.

DNA Synthesis Assay

Determination of DNA synthesis by tritiated (3H)
thymidine incorporation was carried out in a modifi-
cation of methods previously described.17 Cells
were plated into microtiter plates at 5,000 cells/well
in RPMI 1640 medium supplemented with 10% fetal
bovine serum and cultured for 2 weeks. Cultures
were then washed and reincubated for 24 hours in
cRPMI alone, and cRPMI containing: IL-4 (0.1 to
100 ng/ml); TNF (10 ng/ml, Genzyme); or a combi-
nation of these reagents. Polyclonal rabbit antibody
to IL-4 (Genzyme) or normal rabbit IgG (10 pg/ml)
was included in some experiments. Four replicate
wells were utilized per variable. Tritiated thymidine
(5 uCi/mI) was included during the last 2 hours of
culture. Cells were dispersed with trypsin and radio-
activity was determined as previously described.17
Results were expressed as mean-counts per minute
(cpm) ± SD.

Proliferation Assay

Proliferation of cells in microtiter plate cultures was
assessed as described previously by optical den-
sity measurement of crystal violet eluted from
stained monolayers.17 After 7-day incubation with or
without test reagents, cultures were stained and re-
sults were expressed as mean optical density ±
SD.

Statistical Analysis

Statistical significance of data from treated and con-
trol cultures was determined by two-tailed Student's
t-test.

Results

DNA Synthesis

Basal DNA synthesis of culture W3N treated with
IL-4 for 24 hours was inhibited in a dose-dependent
manner, with 35 to 59% inhibition observed at 0.1 to
100 ng/ml IL-4 (Figure 1). In these experiments, as-
trocytes were cultured only in medium supple-
mented with 2% fetal bovine serum. To determine if
IL-4 would antagonize an alternative mitogenic sig-
nal, cultures were treated with TNF in the presence
and absence of IL-4 (Table 1). As we observed pre-
viously, 24-hour treatment with TNF elicited a burst
of DNA synthesis.17 Inclusion of IL-4 (10 ng/ml) sig-
nificantly inhibited the effect of TNF by 73% (P <
0.001). The inhibitory effect of IL-4 on TNF stimula-
tion was IL-4-dose-dependent (data not shown) and
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Figure 1. Effect ofjIL-4 contcenitrationi oni basal DVA .Vnjthesis of nionl-
nieoplastic astrocvtes. Linle W3N was cniltznredfor 24 honrs in the pres-
ence or absetnce of IL-4 at doses shoun. Data represenit meani connlts
per minntte of tritiated thvmidine incorporated dorinlg the last 2
bours of cniltnire. *p < 0.025 (ni = 4) compared to DVA svpntbesis in
the absenice of IL-4.
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Table 1. IL-4 Inihibitionz ofAstrocyte DNA Synthesis Elicited by TNF

In vitro Counts per Percentage
treatment minute + SD inhibition

Medium 960 + 134
IL-4 (10 ng/ml) 520 ± 34 (46)* (P< 0.001)
TNF (10 ng/ml) 4,582 ± 543
TNF + IL-4 1,221 ± 209 (73)t (P<0.001)
TNF + IL-4 + anti-IL-4 3,861 ± 707 (1 6)t (P > 0.05)
TNF + IL-4 + normal rabbit IgG 2,316 ± 112 (50)t (P < 0.001)

* Compared to Medium.
t Compared to TNF. Line W3N was cultured for 24 hours with the reagents shown; tritiated thymidine was included during the last 2 hours

of culture. Data represent mean counts per minute tritiated thymidine incorporated (n = 4).

was completely abolished by rabbit anti-IL-4 IgG
but not normal rabbit IgG (Table 1).

Proliferation

Microtiter plate cultures exposed for 7 days to 10
ng/ml TNF demonstrated enhanced proliferation as
previously described17 (Figure 2). Inclusion of 10
ng/ml IL-4 in cultures significantly (P < 0.001) re-
duced proliferation, and this effect was abrogated
by the presence of rabbit anti-IL-4 IgG but not nor-
mal rabbit IgG (Figure 2).

Immunofluorescence Analysis

To verify that affected cells were astrocytic, cover-
slip cultures of W3N were labeled with GFAP after
2-day exposure to IL-4 (50 ng/ml) or medium alone
with inclusion of BrdU during the last 24 hours. The
percentage of GFAP-positive astrocytes displaying
nuclear BrdU was 12.3 ± 2.5% (SD) in cultures ex-
posed to medium alone (Figure 3). In IL-4-treated
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Figure 2. Effjrct otIlL-4 ooi TVF-stimutlilcated prolltrrationi of'wA astro-
cties. Lisle W'-3AN was clultIur-ed/1br 7 dCi'vs in the presence q° TVF( 10
og/alit) alone: 7XF + IL-4 ( 10 nig/ml)n + IL-4 + ieiutralizinig an-

tibod, to IL-4 (AB) ( 10 u,g/lmt: and TVF + IL-4 + niorm ial rabbit IgG
(ARG) (10Jug/m). Data represent mean optical dennsiti X 10-,3, base-

Iihue optical densiter (2.37 14) is that of cells ciiltiiied in niediiim
aloiie. p < 0.001 (i = 9) compared to TNrF alone.

cultures, the percentage of cells displaying both
GFAP and BrdU was significantly (P < 0.005) re-
duced to 0.8 ± 0.8% (n = 3), indicating that DNA
synthesis in GFAP-positive astrocytes was severely
curtailed by IL-4 exposure.

Discussion
Gliosis, a condition characterized by astrocytic hy-
pertrophy and proliferation, is a prominent patholog-
ical feature in numerous diseases affecting the cen-
tral nervous system. Although mechanisms
contributing to gliosis are still inadequately under-
stood, evidence suggests that specific cytokines
may contribute to this process. IL-1,18 TNF,19 and
interferon-y14 all have been reported to stimulate
gliosis in vivo as well as astrocyte proliferation in
vitro.14,17.18.20 Our data suggest that IL-4, which in-
hibits astrocyte proliferative responses in vitro may
also inhibit gliosis in vivo. Confirmation of this spec-
ulation must await additional study, however.

IL-4 has been observed to down-regulate prolifer-
ation of IL-2-stimulated normal B lymphocytes21
and lymphokine-activated killer cells.22 In addition,
IL-4 has been shown to reduce growth of several
types of human tumor cell lines in vitro.2324 In con-
trast, IL-4 stimulates growth of endothelial cells25
and fibroblasts;26 moreover, the mitogenic effect of
TNF on human foreskin fibroblasts has been re-
ported to be unaffected by IL-4.24

Our findings suggest that IL-4 regulates prolifera-
tion in a cell-specific manner that differentiates as-
trocytes from endothelial cells or fibroblasts. Even in
the presence of a potent mitogenic signal like TNF,
we observed that IL-4 significantly down-regulated
astrocyte DNA synthesis and proliferation. The
mechanisms involved in this selective effect of IL-4
on astrocytes are currently under investigation.
These data suggest, however, that within the central
nervous system, IL-4 may serve to attenuate the ef-
fects of other stimulatory cytokines on astrocyte
proliferation.
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Figure 3. Immunobistocbemical detectioni of GFAP anid BrdU Photomicrograpbs of astroc ptic cells in linie W3N\ cultured inl mediiom alone, demn-onistratinig the presence of. (A) cvtoplasmic GFAP anid (B) nuclear incorporation offluorescent BrdU ( 200X).

Acknowledgment
Special thanks to Mrs. Alice Kiffer for help in prepa-
ration of the manuscript.

References
1. Paul WE, Ohara J: B-cell stimulatory factor-1/

interleukin 4. Annu Rev Immunol 1987, 5:429-459
2. Howard MJ, Farrar J, Hilfiker M, Johnson B, Takatsu K,

Hamaoka T, Paul WE: Identification of a T cell-derived
B cell growth factor distinct from interleukin 2. J Exp
Med 1982, 155:914-923

3. Mosmann TR, Bond MW, Coffman RL, Ohara J, Paul
WE: T-cell and mast cell lines respond to B-cell stimu-
latory factor 1. Proc Natl Acad Sci USA 1986, 83:
5654-5658

4. Widmer MB, Acres RB, Sassenfeld HM, Grabstein KH:
Regulation of cytolytic cell populations from human
peripheral blood by B cell stimulatory factor 1
(interleukin-4). J Exp Med 1987, 166:1447-1451

5. Essner R, Rhoades K, McBride WH, Morton DL, Econ-
omou JS: IL-4 down-regulates IL-1 and TNF gene ex-
pression in human monocytes. J Immunol 1989, 142:
3857-3861



IL-4 Down-Regulates Human Astrocyte 341
AJP August 1993, Vol. 143, No. 2

6. Stuart PM, Zlotnik A, Woodward JG: Induction of class
and class 11 MHC antigen expression on murine bone

marrow-derived macrophages by IL-4 (B-cell stimula-
tory factor 1). J Immunol 1988, 140:1542-1547

7. Estes ML, Rudick RA, Barnett GH, Ransohoff RM: A
stereotactic biopsy of an active multiple sclerosis le-
sion: immunocytochemical analysis and neuropatho-
logic correlation with magnetic resonance imaging.
Arch Neurol 1990, 47:299-305

8. Hauser SL, Bhan AK, Gilles F, Komp M, Kerr C, Weiner
HL: Immunohistochemical analysis of the cellular infil-
trate in multiple sclerosis lesions. Ann Neurol 1986,
19:578-587

9. Booss J, Esiri MM, Tourtellotte WW, Mason DM: Immu-
nohistochemical analysis of T-lymphocyte subsets in
the central nervous system in chronic progressive
multiple sclerosis. J Neurol Sci 1986, 62:219-232

10. Traugott U, Reinherz EL, Raine CS: Multiple sclerosis.
Distribution of T cells, T cell subsets and la-positive
macrophages in lesions of different ages. J Neuroim-
munol 1983, 4:201-221

11. Salgame P, Abrams J, Clayberger C, Goldstein H,
Convit J, Modlin RL, Bloom BR: Differing lymphokine
profiles of functional subsets of human CD4 and CD8
T cell clones. Science 1991, 254:279-282

12. Fierz W, Endler B, Reske K, Wekerle H, Fontana A: As-
trocytes as antigen-presenting cells. I. Induction of la
antigen expression on astrocytes by T cells via im-
mune interferon and its effect on antigen presentation.
J Immunol 1985, 134:3785-3793

13. Barna BP, Chou SM, Jacobs B, Yen-Lieberman B,
Ransohoff RM: Interferon-f impairs induction of
HLA-DR antigen expression in cultured adult human
astrocytes. J Neuroimmunol 1989, 23:45-53

14. Yong VW, Moumdjian R, Young FP, Ruijs TCG, Freed-
man MS, Cashman N, Antel JP: y-interferon promotes
proliferation of adult human astrocytes in vitro and re-
active gliosis in the adult mouse brain in vivo. Proc
Natl Acad Sci USA 1991, 88:7016-7020

15. Merrill JE, Kutsunai S, Mohistrom C, Hofman F, Groop-
man J, Golde DW: Proliferation of astroglia and oligo-
dendroglia in response to human T cell-derived fac-

tors. Science 1984, 224:1428-1430
16. Estes ML, Ransohoff RM, McMahon JT, Jacobs BS,

Barna BP: Characterization of adult human astrocytes
derived from explant culture. J Neurosci Res 1990, 27:
697-705

17. Barna BP, Estes ML, Jacobs BS, Hudson S, Ransohoff
RM: Human astrocytes proliferate in response to tu-
mor necrosis factor alpha. J Neuroimmunol 1990, 30:
239-243

18. Giulian D, Lachman LB: Interleukin-l stimulation of as-
troglial proliferation after brain injury. Science 1985,
228:497-499

19. Tracey KJ, Morgello S, Koplin B, Fahey TJ Ill, Fox J,
Aledo A, Manogue KR, Cerami A: Metabolic effects of
cachectin/tumor necrosis factor are modified by site of
production. J Clin Invest 1990, 86:2014-2024

20. Selmaj KW, Farooq M, Norton WT, Raine CS, Brosnan
CF: Proliferation of astrocytes in vitro in response to
cytokines. J Immunol 1990, 144:129-135

21. Lee H, Xia X, Choi YS: IL-4 blocks the up-regulation of
IL-2 in normal human B cells. J Immunol 1990, 144:
3431-3436

22. Spits H, Yssel H, Paliard X, Kastelein R, Figdor C,
DeVries JE: IL-4 inhibits IL-2 mediated induction of hu-
man lymphokine-activated killer cells, but not the gen-
eration of antigen-specific cytotoxic T lymphocytes in
mixed leukocyte cultures. J Immunol 1988, 141:29-36

23. Morisaki T, Yuzuki DH, Lin RT, Foshag LJ, Morton DL,
Hoon DSB: Interleukin-4 receptor expression and
growth inhibition of gastric carcinoma cells by
interleukin-4. Cancer Res 1992, 52:6059-6065

24. Toi M, Bicknell R, Harris AL: Inhibition of colon and
breast carcinoma cell growth by interleukin-4. Cancer
Res 1992, 52:275-279

25. Toi M, Harris AL, Bicknell R: Interleukin-4 is a potent
mitogen for capillary endothelium. Biochem Biophys
Res Commun 1991, 174:1287-1293

26. Monroe JG, Haldar S, Prystowsky M, Lammie P: Lym-
phokine regulation of inflammatory processes:
interleukin-4 stimulates fibroblast proliferation. Clin Im-
munol Immunopathol 1988, 49:292-298


