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Abstract
Background: Severe acute respiratory syndrome (SARS)
is a novel infectious disease which is characterized by
an overaggressive immune response. Chemokines are
important inflammatory mediators and regulate dis-
ease due to viral infection. In previous study, we found
that SARS-CoV has the ability to replicate in mononu-
clear cells. In present work, we sought to characterize
the replication of SARS-CoV at the presence of
RANTES in THP-1 cells. 
Methods: To determine whether RANTES play an role
in the process of SARS, THP-1cells were incubated
with heat-inactived SARS-CoV and ELISA was used
to test RANTES levels in the supernants; Then the ef-
fect of dexamethasone on the induced secretion was
evaluated. Real-time PCR was used to investigate the
effort of RANTES on the replication of SARS-CoV in
vitro. Macrophages, induced by THP-1 cells, were used
as cell model.
Findings: Inactive SARS-CoV could induce THP-1
cells secret RANTES and this increase effect could
not be suspressed by DXM. RANTES itself could in-
hibit the replication of SARS-CoV in THP-1 cells
when it was added into the culture before or at the
same time with the virus; No inhibition effect was
shown when RANTES were added into the culture af-
ter SARS-CoV infected the cells.
.
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Abbreviations: SARS, severe acute respiratory syn-
drome; CoV, coronavirus; RANTES, Regulated on ac-
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INTRODUCTION

Severe acute respiratory syndrome (SARS) is a newly
recognized illness associated with infection from a
novel coronavirus (SARS-CoV). The molecular basis
of severe acute respiratory syndrome (SARS) coron-
avirus (CoV) induced pathology is still largely unclear.
Many SARS patients show peripheral blood lym-
phopenia and inflammatory infiltrate acute lung injury,
evidenced in a pronounced increase in macrophages in
the alveoli and the interstitium of the lung. It is con-
cluded that immunopathology plays a role in tissue
damage, and cytokines are responsible for some signs
of disease [1-2]. 

Learning from other coronavirus mediated diseases,
such as mouse hepatitis virus (MHV) -induced central
nervous system disease, CCR5 signaling accounts for
those pathological changes [3]. Another clinical phe-
nomenon is most SARS patients are Asians, which is
similar to HIV-1 ethnic susceptibility [4-8]. Many HIV-
1 experts suggest that the way SARS-CoV entry into
target cells may closely resemble that which occurs in
HIV entry [9-10]. Acute respiratory viruses commonly
induce inflammatory chemokines such as RANTES,
which can amplify inflammatory responses leading to
immunopathology [11-12]. Altogether, a hypothesis
rise up that RANTES may be of interest in study of
SARS.

RANTES (regulated upon activation, normally T-
cell expressed and presumably secreted) is a CC
chemokine which recruits and activates monocytes,
lymphocytes, and eosinophils, which present in the
lung inflammatory infiltrate induced by SARS-CoV in-
fection [13]. In previous study, we found, in addition
to T and B lymphocytes, macrophages play a key role
in this process [14]. In this study, we analyzed the in-
teraction of SARS-CoV and RANTES in THP-1
monocytic cells which could be induced into macro-
phages by PMA.

MATERIALS AND METHODS

1. CELL CULTURE AND REAGENTS

Both Vero and THP-1(human promonocytic leukemic
cell line)  cells were cultured in RPMI 1640 medium
(Gibco) supplemented with 10% fetal calf serum (Hy-
clone), 100 U/ml penicillin, 100 µg/ml streptomycin
(Invitrogen) and maintained at 37 °C in a humidified
5% CO2 atmosphere. THP-1 cells were induced to dif-
ferentiate into macrophages by treatment with PMA
(Sigma) (16nM) for three days.

2. hRANTES

Recombinant human RANTES were stably expressed
by CHO cell (constructed by our institute). Briefly,
human RANTES gene was inserted into pCD-
NA3.1(+)/his vector according to the method de-
scribed previously (30–32) to generate recombinant
pCDNA3.1/RANTES. CHO cells were transfect with
pCDNA3.1/RANTES and incubated with 500ug/ml
G418 (clonteck). The effective high expressed cells
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were selected as stock cells. Resultant culture super-
natant, which contained hRANTES, was purified
from culture supernatants by affinity chromatography
on recombinant protein G columns (Gamma Bind
Plus; Pharmacia/LKB) according to the manufactur-
er's instructions, using a Shimadzu automated pre-
parative/ analytical high-performance liquid chro-
matography system. The protein concentration was
calculated by ELISA.  MTT assay was carried out to
determine the working concentration. In our experi-
ments, we used the concentration at 1000, 500, 100
pg/ml.

3. VIRUSES

Primary isolate of SARS-CoV used for these experi-
ments was isolated from the patient (the sequence was
indexed in Genebank). The isolate was propagated in
Vero cells and had not undergone more than 10 pas-
sages in vitro to minimize the effects of culture adap-
tation on viral tropism.

Cultures of SARS-CoV-infected Vero cells were
used as a source of infectious virus. Supernatants were
cleared of cellular debris by high-speed centrifugation,
and the viral titers were determined to be 103.5 to 104.5

50% tissue culture infective doses (TCID50)/106 cells.
All infectious experiments were done at a multiplicity
of infection (MOI) of 100 : 1 (This viral titer was se-
lected because severe cell damage was not observed
with this viral titer). 

Heat-inactived SARS-CoV, prepared by heated at
80 °C for 30-min, was used for induced secretion as-
says due to safety and convenient reasons. 

4. RANTES DETECTION BY ELISA. 

Supernatants were stored at -20 °C until an assay for
RANTES protein using the human RANTES Quan-
tikine kit (R & D) was performed according to the
manufacturer's instructions.

5. INFECTION OF CULTURED CELLS WITH SARS-COV
AT THE PRESENCE OF HRANTES

Macrophages were plated at 5 x 104/well in 24-well
plate and grown overnight in the appropriate medium.
Cells were washed with phosphate-buffered saline for
three times, then used for the latter experiments. The
purified hRANTES at different concentration were
added into the cell culture before, or at the same time,
or after SARS-CoV attaching macrophages. When
RANTES and virus added at the media at the same
time, SARS-CoV was preincubated with RANTES for
1 h at 37 °C in a total of 1 ml of 1640-10% FCS. To al-
lowed the complex be adsorbed by the cells, the plates
were gentle rocked of every 10 min for 2 h. After 2 h,
the cells were washed extensively to remove unad-
sorbed viral particles and 2 ml of with fresh culture
media was added. Infected cells were incubated at
37 °C under 5% CO2 in humidified air. For all experi-
ments, uninfected cultures served as negative controls.
Culture supernatants and infected cells were harvested
at two days postinfection and analyzed by real-time
PCR.

6. REAL-TIME PCR

Real-time PCR was performed by using a GeneAmp
5700 system (Applied Biosystems) with a Platinum
quantitative PCR kit (Bosai Co, China) and Sybr green
detection. After an initial cycle of 30 min at 55 °C and
30 sec at 95 °C, cycling was performed for 45 cycles of
95 °C for 15 s, 60 °C for 30 sec and 72 °C for 30 sec. 

7. STATISTICAL ANALYSIS

We used analysis of variance (ANOVA) for two differ-
ent purposes. All ANOVAs were carried out with
SPSS (release 11.0) procedure glm. P values of less
than 0.05 were considered significant.

RESULTS

1. CONCENTRATION OF RANTES PROTEIN IN THE
MEDIUM OF MACROPHAGES WITH SARS-COV

RANTES was detected in the culture medium of
macrophage cells 24 h after incubation with inactive
SARS-CoV, and significant high level of induced
RANTES was shown compared with controls. To
demonstrate that DXM, commonly used in clinic to
manage this disease, is responsible for the observed
negative effect on the inflammatory response to
macrophages after SARS-CoV infection, different con-
centrations of dexamethasone (DXM) were added into
the cell culture (Fig. 1). Contrasted to our expected, no
difference was shown at all concentrations we used.

2. RANTES INFLUENCES THE REPLICATION
OF SARS-COV IN MACROPHAGES

RANTES inhibited the SARS-CoV repliaction in
macrophages when it was added into the culture be-
fore virus attached the cells, and the maximum inhibi-
tion was found at the concentration of 1000ng/ml,
while the inhibitory effect did not differ significantly
between the concentrations of 100ng/ml and
500ng/ml. A more reduce of SARS-CoV replication
could be seen as RANTES and virus added into the
cell culture at the same time, although no significant
was shown. When macrophages was contacted with
virus first, the inhibitory effect of RANTES on the
replication of SARS-CoV does not appear (Table 2,
Fig. A-D).

DISCUSSIONS AND CONCLUSIONS

The current data indicate that SARS-CoV could in-
crease RANTES production by macrophages and this
increase effect could not be suspressed by DXM. Po-
tentially, the observation may due to the concentration
limitation. Also, the negative inhibition effect could
explain the prolonged, proinflammatory cell influx to
sites of infection in clinic.  In addition, the effect that
this steroid had no effect on RANTES secretion is
consistent with data from other researches which sug-
gested DXM specific reduced cytokines secretion [15].
The mechanism underlying this observation is the sub-
ject of ongoing research. 
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Fig. 1. RANTES induction by SARS-CoV in THP-1 cells with or without DXM. (A) without DXM. Macrophage cells (2 x
105/ml of 10% DMEM/well), induced by THP-1 cells, in 24-well plates were incubated with heat-inactived SARS-CoV for 24
h. Supernatants were then assayed for RANTES by ELISA. Supernant from VERO cells culture was also used as a control.
Data represent the mean ± SD of triplicate samples from a representative result of 4 experiments. Induction was significant (*P
< .001) according to the Student 2-tailed t test.  (B) with  DXM. Cells were first incubated with a serial dilutions of DXM for 1
h, then incubated with heat-inactive SARS-CoV (MOI of 10) for 24 h. DXM has no effect on the chemotaxis of Macrophages
induced by inactive SARS-CoV at all concentrations we used.

Table 2. Rantes added into the culture media at different stage, Real-time PCR detection the copies of SARS-CoV in macro-
phages.

Concentration pg/ml 1000 500 100
stage

first added RANTES then virus - * 6.0_103* 6.25_103*
added RANTES and virus at the same time - * 2.5_103* 2.5_103*
first added virus then RANTES 1.0_104 1.0_104 1.0_104

note: ‘-‘,  do not detection SARS-CoV genomic after 45 cycles amplification
*   vs positive controls (1.2 _104 copies/ml ), P<0.05

A first added virus then RANTES (100ng/ml)
B first added RANTES (100ng/ml) then virus
C added RANTES (100ng/ml) and virus at the same time
D added RANTES (1000ng/ml) and virus at the same time

Black line: positive control
Green line: tested group



Added RANTES into the cell culture before SARS-
CoV attacking THP-1 cells, the replication of SARS-
CoV was markly reduced as compared with the con-
trols, especially RANTES at 1000pg/ml. A more re-
duce of SARS-CoV replication could be seen as
RANTES and virus added into the cell culture at the
same time, although no significant was shown. Based
on the above results, we contribute the more inhibi-
tion to the synergistic effects of RANTES which are
induced by SARS-CoV. Namely, the virus-induced se-
cretion of RANTES by THP-1 cells helps initiate an-
tiviral response. When THP-1 cells was contacted with
virus first, the inhibitory effect of RANTES on the
replication of SARS-CoV does not appear. The com-
petitive inhibition, at least to some degree, arouses the
hypothesis that RANTES could be used as a protec-
tive material.

RANTES is a pro-inflammatory cytokines in the
pathogenesis of many diseases[12-12,16]. In this study,
we illustrate RANTES itself could inhibit the replica-
tion of SARS-CoV in THP-1 cells when it was added
into the culture before or at the same time with the
virus, although the effect did not show when
RANTES were added into the culture after SARS-
CoV infected the cells. As for the role of RANTES in
vivo, it is hard to elucidate. Since SARS-CoV may
cause cytokine cascade, RANTES probably play im-
portant roles in amplifying inflammatory response and
immunopathology of the disease. So it is more con-
ceivable to screen the levels of RANTES and virus
copies in the patients with subclinical or very mild dis-
ease.
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