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Interleukin-6 Induces Monocyte Chemotactic Protein-1 in Peripheral Blood
Mononuclear Cells and in the U937 Cell Line

By Priscilla Biswas, Fanny Delfanti, Sergio Bernasconi, Manuela Mengozzi, Manuela Cota, Nadia Polentarutti,
Alberto Mantovani, Adriano Lazzarin, Silvano Sozzani, and Guido Poli

Induction of chemokine gene expression from peripheral
blood mononuclear cells (PBMCs) stimulated by proinflam-
matory cytokines plays an important role in both wound
repair and response to infectious agents. In the present
study, we show that the proinflammatory cytokine interleu-
kin-6 (IL-6) potently induced mRNA expression and secretion
of the CC chemokine monocyte chemotactic protein 1 (MCP-1)
in PBMCs. In addition, because human immunodeficiency
virus (HIV) infection in vivo and in vitro has been shown to
dysregulate the production of and/or the response to cyto-
kines, PBMCs from both healthy uninfected and HIV-infected
individuals were studied for their constitutive and IL-6-
induced expression of MCP-1. No substantial differences

were observed between the two groups of individuals. In
addition, IL-6 upregulated MCP-1 expression in the promono-
cytic cell line U937 and in its chronically HIV-infected counter-
part, Ul. In these cell lines, IL-6 selectively induced MCP-1
and not other chemokines, including regulated upon activa-
tion normal T cells expressed and secreted (RANTES), macro-
phage inflammatory protein-la (MIP-1a), MIP-18, and IL-8.
IL-6 induction of MCP-1 was partially inhibited by hydrocorti-
sone in Ul cells. Thus, IL-6 activates PBMCs to secrete
MCP-1, a CC chemokine pivotal for monocyte recruitment in
tissue and organs in which important inflammatory events
occur.

© 1998 by The American Society of Hematology.

ONOCYTE CHEMOTACTIC protein-1 (MCP-1) be- interferonsy (IFN-vy), have been shown to induce MCP-1
longs to thel or CC family of chemotactic cytokines, expression in human endothelial cells (ECs), mononuclear

or chemokine$,which stimulate the migration of monocytic phagocytes, and fibroblast$> Because both LIF and IL-6
cells, whereasx or CXC chemokines predominantly activate share a common gp130 transducing cHiihe observation that
polymorphonuclear leukocytés. The coordinated synthesis LIF can induce MCP-1 from human monocytes supports the
and release of MCP-1 plays a central role in both acute anthypothesis that IL-6 may exert a similar regulatory effect in
chronic inflammatory processes by controlling the influx of cells of monocytic lineage. In support of this hypothesis, 1L-6
phagocytic cells and also their state of activation in concert withhas been reported to induce MCP-1 in rat brain macrophages
primary inflammatory cytokines, such as interleukin-1 (IL-1), and also in mesenchymal cells such as murine fibrobBfaetsi
tumor necrosis factos (TNF-a), and IL-623 It is of interest  human osteoblast cell linég.
that a selective accumulation of MCP-1 in the cerebrospinal |6 is a multifunctional cytokine that plays an important role
fluid (CSF) of AIDS patients with cytomegalovirus (CMV) in several physiologic processes, including hematopoiesis,
encephalitis, but not with other opportunistic infections (Ol) or B-cel| proliferation, plasma cell differentiation, and hepatocyte
primary lymphomas of the central nervous system (CNS), hagyrowth16.20.21 Furthermore, IL-6 is a component of the inflam-
been recently describédin addition, we have recently ob- matory cascad®@?5and it is a critical factor for triggering the
served that a similar selective accumulation of MCP-1 in thegcyte-phase respon®&6.27 In addition to inflammatory dis-
CSF occurred in patients with human immunodeficiency Viruseases increased levels of IL-6 have been described in the
(HIV) encephalitis (Cinque et al, manuscript submitted). Theseyjasma and CSF of HiV-infected individud®s3!
findings suggest a potential role of MCP-1 in monocyte | the present study, we have investigated whether IL-6 could
recruitment to the brain in this acquired immunodeficiency jnquce MCP-1 expression in primary peripheral blood mono-
syndrome (AIDS)-related disease. It is conceivable that the, clear cells (PBMCs) obtained both from healthy HIV-

accumulation of MCP-1 in the CSF may be secondary to thesgronegative individuals and from HiV-infected individuals and
known ability of CMV to induce several proinflammatory i, ihe promonocytic cell lines U937 (uninfected) and U1
cytokines, including TNFe, IL-13, leukemia inhibitory factor (chronically HiV-infected).

(LIF), and IL-658 All these cytokines, as well as IL-4 and
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MATERIALS AND METHODS

From the AIDS Immunopathogenesis Unit, DIBIT, and the Division of ~ Patients. The HIV-seropositive individuals who donated their
Infectious Diseases, San Raffaele Scientific Institute, Milan, Italy; theblood for PBMC studies were observed at the Division of Infectious
Department of Immunology and Cell Biology, “Mario Negri” Institute  Diseases of the San Raffaele Scientific Institute (Milan, Italy). They had
for Pharmacological Research, Milan, Italy; and the Department of progressive disease, with CD4ounts of less than 200/uL, and were
Pathology, University of Brescia, Brescia, Italy. undergoing different therapeutic regimens.

Submitted May 12, 1997; accepted September 5, 1997. Cell cultures. All cultures were maintained in RPMI 1640 supple-

Supported entirely by grants of the 1996 AIDS Project of the Istituto mented with glutamine (2 mmol/L), penicillin (100 U/mL), streptomy-
Superiore di SanitaRome, Italy. cin (100 pg/mL; Biowhittaker, Verviers, Belgium), and 10% fetal calf

Address reprint requests to Priscilla Biswas, PhD, P2-P3 Laborato- serum (Hyclone Europe, Ltd, Cramlington, UK).
ries, DIBIT, Via Olgettina n. 58, 20132, Milan, Italy. Cell lines. U937 is a well-known human promonocytic cell Ifde

The publication costs of this article were defrayed in part by page that can be induced to differentiate into mature macrophages by several
charge payment. This article must therefore be hereby marked “adveragents, including phorbol 12-myristate 13-acetate (PMA). The chroni-
tisement” in accordance with 18 U.S.C. section 1734 solely to indicatecally infected U1 cell line was obtained by limiting dilution cloning of
this fact. U937 cells acutely infected with HIV-1 (11IB/LAI strain}} Both U937

© 1998 by The American Society of Hematology. and U1 cells were seeded at the initial concentrationxfP cells/mL

0006-4971/98/9101-0024%$3.00/0 in 48-well polystirene culture plates (Falcon, Becton Dickinson Lab-
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ware, Lincoln Park, NJ), and culture supernatants were harvested at the RESULTS
indicated time points and stored-aB0°C until tested for the presence

f cytokines, ch kines, and, in th f U1 cells, HIV. . . S
Of cyloxines, chemaines, and, In the case o cets negative and HIV-infected individuals Basal levels of MCP-1

Primary cells. Whole venous blood and buffy coats donated by the .
transfusional center of the San Raffaele Scientific Institute were"Ve'€ detectable, with a mean of 0.7 ng/mtQ.8 standard

obtained from HiV-infected individuals and healthy donors, respec-deviation [SD]) and 0.5 ng/mL%0.8 SD) for healthy controls
tively. PBMCs, which were isolated by centrifugation on a Ficoll- and HIV-seropositive individuals, respectively. IL-6 stimulation
Hypaque (Pharmacia, Uppsala, Sweden) density gradient, were culturéftiduced substantial levels of MCP-1 in PBMCs from both
at the concentration of 1.5% 1Cf cells/mL in 24-well culture plates  groups of individuals, with a mean of 29 ng/mt-26 SD) and
(Falcon) in the absence and presence of IL-6 (10 ng/mL) or lipopolysac27.3 ng/mL ¢14.3 SD) for uninfected and HIV-infected
charide (LPS; 1 pg/mL), and supernatants were harvested at thihdividuals, respectively (Fig 1). These levels were comparable
indicated time points. to those induced by LPS in control individuals (mean, 28
Reagents. LPS fromEscherichia col{serotype 055:B55) and PMA ng/mL; =10.1 SD) and were even higher, although not statisti-

(Sigma Chemical Corp, St Louis, MO) were used at the fixed final S . . .
cally significant, than those induced by LPS in HIV-infected
concentrations of 1 pg/mL and 10 nmol/L, respectively. One hundred, Y SI9 ' Y

ivi —+
10, and 1 nmol/L final concentrations of hydrocortisone (Sigma) weredeVIduals (mdean’ .14'9 ng/m#,]f.gl SDI)' f
used in some experiments. Human recombinant B\AFL-6, and IL-6 caused an increase of the levels of MCP-1 mRNA as

IFN-y were purchased from R&D Systems (Minneapolis, MN) and detected at 24 hours (Fig 2A) in the very same cell cultures in
were used at the concentrations of 0.02 nmol/L (1 ng/mL), 0.24 nmol/LWhich the chemokine was simultaneously released in the
(10 ng/mL), and 1.5 nmol/L (50 ng/mL), respectively. supernatants (Fig 2B).

Measurement of cytokine and chemokine conterddl. chemokines Thus, no significant differences were observed between
present in culture supernatants were measured using enzyme-linked|V-negative and HIV-positive individuals, indicating that this
immunosorbent assay (ELISA). ELISAkits for RANTES, Miissland  viral infection does not influence either basal production of
MIP-18 were purchased from R&D Systems, whereas homemadqyCp-1 or leukocyte responsiveness to IL-6 and LPS, at least in
assays were performed in the case of MCPahd IL-8* the peripheral blood compartment. In support of this interpreta-

Reverse transcriptase-polymerase chain reaction (RT-PCR) detec; . ~ .
tion of MCP-1 mRNA. Total cellular RNA was isolated from 3 (058 tion, no substantial levels of MCP-1 were detected in the plasma

10° PBMCs with RNA-zol B (Duotech S.r.I., Milan, Italy), following of AIDS patients with C_MV enceDha!'tls' Wh'_Ch IS In Sharp_
the manufacturer’s protocol. RNA (1 pg) was reverse transcribed b)pon_trast to the substantial accumulation of this chemokine in
incubation at 42°C for 40 minutes and at 94°C for 5 minutes in the their CSF

presence of ¥ RT buffer (GIBCO BRL, Life Technologies, Paisley, IL-6 induces MCP-1 expression in U937 and in U937-
UK), 800 mmol/L dNTPs (Pharmacia), 20 pg/mL random hexamersderived chronically HIV-infected U1 cell lines Among im-
(Promega, Madison, WI), 4 mmol/L dithiothreitol (GIBCO BRL), 12U mune cells, monocytic cells are known to be the main producers
RNA guard (Promega), and 400 U of Moloney murine leukemia virus of MCP-113 Furthermore, the IL-6-related molecule LIF was
(M-MLV) RT (GIBCO BRL) in a 50-yL reaction. One twentieth of the  ghown to induce MCP-1 in human monocytéTherefore, we

cDNA obtained from the RT reaction was amplified with primers tested whether IL-6 was capable of activating MCP-1 expres-
specific for MCP-1 (forward, SCAATAGGAAGATCTCAGTGC; re- 0 iy e promonocytic cell lines U937 and U1. IL-6 induced

, >GTGTTCAAGTCTTCGGAGTT{® in th f25U . . . .
verse ¥*in the presence o I_substantlal levels of MCP-1 in U937 cells; in addition, TNF-

of Taq polymerase (Ex Taq; Tagara Biomedical Europe S.A., Gennevi ; . .
liers, France), following the instructions of the manufacturer. To verify @1d IFN=, which were previously described to upregulate

that equal amounts of cDNA were added in each PCR reaction, thd/CP-1 expressiof)121540-43ajso induced secretion of this
housekeeping gene GAPDH was amplified from 1/20 of the samechemokine (Fig 3). Basal expression of MCP-1 was shown in
cDNA, using specific primers (forward, &£CATGGAGAAGGC- HIV-infected U1 cells using Northern blot analysis (Fig 4A),
TGGGG; reverse, 5SCAAAGTTGTCATGGATGACC)* Amplifica-  whereas stimulation with either IL-6 or IFN-caused an
tion (30 seconds of denaturation at 94°C, 45 seconds of annealing ahcreased accumulation of both mRNA (Fig 4A) and release of
60°C, and 60 seconds of extension at 72°C) was performed for 32 cyclegicp-1 in culture supernatants (Fig 4B), as observed in

with MCP-1 primers and for 28 cycles with GAPDH primers; amplifica- uninfected U937 cells. In experiments in which different

tions were preceded by a denaturation step (90 seconds at 94°C) and : )
followed by a final extension period (7 minutes at 72°C). PCR%oncentratlons of TNk were compared, a dose-response of

MCP-1 secretion from U1 cells was observed (with 0.3, 12.6,
and visualized by ethidium bromide staining. 23.9, and 27.7 ng/mL of MCP-1 secreted from cells that were
HIV-RT activity. HIV expression, monitored as Mtrdependent unstimulated or were stimulated with 0.02, 0.2, or 2 nmol/L of
RT activity released into supernatants of chronically infected U1 cells, TNF-«, respectively; data not shown).
was measured as previously describéd. IL-6 induced a twofold upregulation of MCP-1 secretion over
Northern blot analyses. Atotal of 107 U1 cells (4X 1P cells/mLin  low but detectable constitutive levels also in the myelomono-
25 mL per flask; Falcon) were seeded in culture for each condition ancytic cell line HL-60 (data not shown).
time point. Northern k_)lot analyses were perform_ed according to  gglective MCP-1 induction by IL-6 and TNFin U1 cells.
standard proceduré8Briefly, 10 g of total RNA was isolated by the = g4y jlation of U937 and U1 cells with PMA resulted in the
guanidium isothiocyanate method and analyzed by eIectrophore&ﬁ}ueased expression of the CC chemokines MCP-1, RANTES,
through 1% agarose/formaldehyde gel, followed by Northern blot .
transfer to Gene Screen Plus membranes (New England Nucleap,/”P'la’ and MIP- and of the CXC Chemoklne IL-8 (data not
Boston, MA). The probe, human MCP-1 cDNA (0.672-RbtI-Pst|  SnOwn). In contrast, both IL-6 and TNkinduced MCP-1 but
fragmenty® was labeled by Megaprime DNA labeling system (Amer- NOt the other tested chemokines in U937 (data not shown) and
sham, Buckinghamshire, UK) witk32P-dCTP (3,000 Ci/mmol; Amer- U1 cells (Fig 5). In this latter cell line, IL-6 and TNé&-also
sham). induced comparable levels of virus production in culture

IL-6 induces MCP-1 expression in PBMCs of healthy sero-
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Fig 1. IL-6 and LPS induce MCP-1 secretion in healthy and HIV-
seropositive individuals. PBMCs from 6 healthy controls and 6
HIV-seropositive individuals were cultivated with medium alone
(Medium), IL-6 (0.24 nmol/L), or LPS (1 pg/mL). After 72 hours of
culture, supernatants were harvested and frozen at —80°C until
tested for MCP-1 content. Each symbol corresponds to a culture
established from a single individual. The lines indicate the mean
MCP-1 concentrations: 0.7 (medium), 29 (IL-6), and 28 (LPS) ng/mL for
healthy controls and 0.5 (medium), 27.3 (IL-6), and 14.9 (LPS) ng/mL
for HIV-seropositive individuals, respectively. No statistical differ-
ences in terms of MCP-1 production after stimulation with LPS were
observed between cultures established from HIV-negative and HIV-
seropositive individuals (P = .15, nonparametric Rank Sums test). A
total of 27 ng/mL of MCP-1 was produced from 1 patient (O) after 8
days of stimulation with LPS.

supernatants (Table 1), as previously repoftetherefore, we

BISWAS ET AL

inconclusive, although a partial (up to 50%) inhibition of HIV

production was observed in some experiments (data not shown).

Because this as well as other anti-MCP-1 monoclonal antibod-
ies can only partially neutralize the biologic effects of the
chemokine, the possibility that MCP-1 may influence HIV
replication remains to be thoroughly investigated.
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Fig 2. Induction of MCP-1 mRNA and protein by IL-6 and LPS in
PBMCs. One HIV-negative and one HIV-positive individual are shown.
PBMCs were cultivated for 24 hours with medium alone (control), IL-6
(0.24 nmol/L), or LPS (1 pg/mL). (A) The cells were pelletted and
frozen until processed for RT-PCR analysis of MCP-1 mRNA compared
with the levels of expression of the housekeeping gene GAPDH. (B)
Cell culture supernatants were harvested and frozen at —80°C until

attempted to investigate whether endogenous MCP-1 played tested for MCP-1 protein content by ELISA. Similar results were

role in cytokine-induced virus expression from Ul cells by HIV-seropositive individuals cultured under the s

adding the anti—-MCP-1 monoclonal antibody 5D3*H® both

obtained with PBMCs from two additional HIV-negative and two
ame conditions for
24 hours. () Unstimulated; (M) IL-6 (0.24 nmol/L); (&) LPS (1

unstimulated and stimulated Ul cells. Overall results wereug/mL).
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secretion of MCP-1 by human E&21341|n this regard, it has
recently been shown that soluble IL-6 receptor together with
exogenous IL-6 is required for induction of MCP-1 expression
from ECs that constitutively express the gpl130 transducing
chainin IL-6-/~ mice>°The IL-6-related molecule LIF induced
both MCP-1 and IL-& in purified human monocytes, suggest-
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Fig 3. Kinetics of chemokine secretion by U937 cells. U937 cells
were cultivated with (O) medium alone, (@) IL-6 (0.24 nmol/L), (H)
IFN-vy (1.5 nmol/L), or (A) TNF-a (0.02 nmol/L) for 72 hours. Superna-
tants were harvested daily, aliquoted, and frozen at —80°C until
tested for the presence of MCP-1. B

Hydrocortisone inhibition of IL-6-induced MCP-1 in Ul
cells. It has been reported that induction of MCP-1 by stimuli 30
other than IL-6 can be inhibited by anti-inflammatory agents
such as glucocorticoid hormon#On the other hand, glucocor-
ticoids potentiate certain IL-6—mediated effects on hepatocytes
and other cell type&7including HIV expression in U1 celks
We therefore tested whether hydrocortisone could modulate
IL-6—dependent MCP-1 secretion in this cell line. A concentra-
tion-dependent inhibition of MCP-1 secretion was observed
when hydrocortisone was added simultaneously (cotreatment)
to U1 cell cultures stimulated with PMA, IL-6, or IFN{Fig 6).
One hour of pretreatment or posttreatment with hydrocortisone
(10 nmol/L) versus the time of addition of the stimuli showed
no significant differences in terms of inhibition of MCP-1
secretion as compared with cultures that were cotreated with the
hormone (data not shown).
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DISCUSSION

In the present study, we have observed that IL-6 is a potent | |
inducer of MCP-1 expression and secretion in primary PBMCs 4h 18h
obtained from both healthy seronegative and HIV-seropositive
individuals. Further, IL-6 selectively induced MCP-1, but not  rig 4. induction of MCP-1 expression by IL-6 and IFN-y in HIV-
other chemokines, including RANTES, MIR:1MIP-1B3, or infected U1 cells. (A) Northern blot analysis of MCP-1 expression after
IL-8 in the U937 cell line and in its HIV-infected counterpart, 4 and 18 hours of culture with medium alone, IL-6 (0.24 nmol/L), or

U1. Finally, hydrocortisone partially inhibited MCP-1 expres- IFN-y _(1.5 nmol/L). The results of one representative_experiment of
. . ! three independently performed are shown. Intermediate (11 hours)
sion induced by IL-6, IFNy, or PMAin U1 cells. and later (36 hours) time points were evaluated in the additional two
MCP-1, which is predominantly produced by monocytes, experiments, showing that baseline and cytokine-induced MCP-1
EC, and fibroblast31549 is an important molecule in the message decreases after 36 hours of culture. Ethidium bromide
regulation of leukocyte trafficking by eliciting the directional staining of the 18S and 28S ribosomal RNA is shown as a control for

miaration of mononuclear phagocvteSeveral proinflamma- RNA loading. (B) MCP-1 secretion in supernatants harvested after 4
g phagocy p and 18 hours of culture from the same cells of the experiment shown

tory and immunoregulatory cytokines, inC_|Uding ”B',IFNF'(?L, in (A). Low, but detectable levels of MCP-1 were already present in the
IFN-y, and IL-4, have been shown to induce synthesis andsupernatants 4 hours after stimulation.
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Fig 5. Patterns of chemokine secretion by HIV-infected U1 cells in
unstimulated conditions and in response to TNF-a and IL-6. U1 cells
were cultured with medium alone, TNF-«a (0.02 nmol/L), or IL-6 (0.24
nmol/L) for 72 hours; supernatants were harvested daily and stored
at —80°C until tested. The data shown are from one representative
experiment of four independently performed. Four CC chemokines
(MCP-1, RANTES, MIP-1«, and MIP-1B) and one CXC chemokine (IL-8)
were measured in the supernatants of unstimulated and stimulated
cultures. Low (MCP-1, RANTES, and IL-8) to undetectable (MIP-1a and
MIP-1B) levels of chemokines were present in supernatants of unstimu-
lated U1 cells. Both IL-6 and TNF-a upregulated MCP-1 secretion; a
modest enhancement of IL-8 production was also noted in U1 cells
stimulated with TNF-« and IL-6.

ing that the ability of inducing chemokines may be a common
feature among cytokines using gp130 as the common transducé

for signaling®

In vivo, a selective increase in MCP-1 has recently been
found in the CSF of AIDS patients with CMV encephalitis, but
not in HIV seronegative controls without neurologic symptoms
or in AIDS patients with other Ol of the CNSCMV has been
reported to induce IL-6 from macrophages and microglial cells
in the CNS? suggesting the possibility that a concomitant
expression of IL-6 and/or TNEk-and MCP-1 may occur in the
CNS of AIDS patients, a hypothesis that we are currently
investigating in our laboratory. It is of interest that CM
encodes a homologue of a CC chemokine receptor gene (US2
that is capable of binding MCP%L.The observation that this

Table 1. Comparable HIV Expression Induced by TNF-a and IL-6 in

U1 Cells
Days Unstimulated TNF-a IL-6
1 87 92 77
2 81 616 404
3 127 1,496 2,224

HIV expression was monitored by measuring viral RT activity
(counts per minute per microliter) in culture supernatants harvested at
the indicated time points and frozen at —80°C until tested. Data are
mean values from duplicate cultures. TNF-a (0.02 nmol/L) and IL-6
(0.24 nmol/L) induced comparable levels of RT activity in U1 cells, as
reported.3”
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Fig 6. Concentration-dependent inhibitory effect of hydrocorti-
sone (HC) on MCP-1 secretion from U1 cells stimulated by different
agents. Cells cultivated with medium alone, PMA (10 nmol/L), IL-6
(0.24 nmol/L), and IFN-y (1.5 nmol/L) were coincubated with decreas-
ing concentrations (ranging from 100 to 1 nmol/L) of hydrocortisone.
After 72 hours, culture supernatants were harvested and stored at
—80°C until tested for MCP-1 content. Mean values of duplicate
cultures from one of three independent experiments are shown.
Intersample variability was =10%.

chemokine accumulates in the CSF of individuals with CMV
rncephalitis suggests that autocrine/paracrine pathways may be
triggered by CMV aimed at recruiting monocytes from the
bloodstream to the brain, which may affect the ability of the
virus to persist and replicate in this organ. Furthermore, MCP-1
has also been shown to induce expression of cytokines,
including IL-6, in human monocyteéd,suggesting an alterna-
tive or complementary loop of amplification of inflammatory
responses. It is of interest that we have also recently observed a
concomitant accumulation of MCP-1 and HIV in the CSF of
AIDS patients with HIV encephalitis (Cinque et al, manuscript

v submitted), suggesting the possibility that, in addition to CMV,

IV can also induce MCP-1 expression. However, in the

resent study, we have failed to show substantial differences
between uninfected and chronically HIV-infected U937 cells in
the expression of several chemokines, including MCP-1.
Whether acute HIV replication in vitro may affect the expres-
sion of MCP-1 or other chemokines is under investigation in our
laboratory.

Increased levels of MRNA of two other CC chemokines,
MIP-1la and MIP-B, have also been found expressed by
microglia and astrocytes in brain tissues from HIV-infected
patients with dementiz Thus, the localized overexpression of
certain chemokines in the CNS or other tissues and organs may
play an important pathogenetic role via leukocyte recruitment
and either their direct activation or their priming to the
regulatory effects of proinflammatory cytokines.

IL-6 is a multifunctional cytokine that acts on B cells, T cells,
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hematopoietic progenitor cells, and hepatocytes, thus influenc- 5. Pulliam L, Moore D, West DC: Human cytomegalovirus induces
ing the regulation of the immune response and of hematopoill--ﬁ and TNF« from macrophages and microglial cells: Possible role
esis, contributing to the inflammatory process, and triggeringn neurotoxicity. J Neurovirol 1:219, 1995

the acute-phase reactiét2%27 In this regard, IL-6-deficient 6. Geist LJ, Dai LY: Cytomegalovirus modulates interleukin-6 gene
. o : ' ion. Transplantation 62:653, 1996
mice have shown impaired immune and acute-phase ref*Pression ;
P P 7. Lagneaux L, Delforge A, Snoeck R, Bosmans E, Moreau JF,

spansed>#7 Increased Ievels_ of IL-6 f"re found tpgether \i\”th Taupin JL, De Clercq E, Stryckmans P, Bron D: Human cytomegalovi-
those of IL-13 and TNFa.durlng sepsis and septic shotk; rus increases constitutive production of interleukin-6 and leukemia
although IL-6 accumulation usually occurs later than that ofinniitory factor by bone marrow stromal cells. Blood 87:59, 1996

other proinflammatory cytokines, and its increase may be g murayama T, Tsuchiya N, Jisaki F, Ozaki M, Sakamuro D, Hirai
prevented by antibodies neutralizing TNE Elevated levels K, Shimuzu S, Ito K, Matsushima K, Furukawa T: Elevated cytokine
of IL-6 have also been found in the plasma/serum or CSF ofievels in synovial fluid of rheumatoid arthritis correlates with the
some HIV-infected individual33-3! whereas this cytokine can presence of cytomegalovirus genome. Autoimmunity 17:333, 1994
induce HIV replication in primary monocyte-derived macro- 9. Streiter RM, Wiggins R, Phan SH, Wharram BL, Showell HJ,
phages and activation of virus expression from latently infectedRemick DG, Chensue SW, Kunkel SL: Monocyte chemotactic protein
U1 cells¥” Whether endogenous MCP-1 is a mediator of the 9ene expression by cytokine-treated human fibroblasts and endothelial

upregulating effect of IL-6 or other inflammatory cytokines on ¢€lIS- Biochem Biophys Res Commun 162:694, 1989 .
L . . . 10. Sica A, Wang JM, Dejana E, Mantovani A, Oppenheim JJ,
HIV replication remains to be further investigated.
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