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Abstract

Objective: To explore the immunopathogenesis of severe acute respiratory distress
syndrome (SARS) and the mechanism of milder disease in young children than in adults.
Method: The SARS-associated coronavirus (SARS-CoV) vira proteins were prepared from

Baculovirus expression system. Peripheral blood mononuclear cells (PBMCs) were
isolated from healthy adult donors by Ficoll-Hypaque density gradient centrifugation.
CD14" monocytes were purified from PBMCs through MACS column. Then the
monocytes were cultured with 1L-4 and GM-CSF to yield dendritic cells. The SARS-CoV
S, N, E, M viral protein were cutltured with monocytes or dendritic cells for 24~48 hrs.
The supernatants were measured for cytokine and chemokine levels by ELISA. Besides,
the pcDNA-S, N, E, M and vira protein were used to stimulate A549 cell line for NF-kB

activation detected by luciferase reporter assay.

Result: The SARS-CoV E protein (500 ng/mL) may induce the secretion of proinflammatory
cytokines (IL-1, IL-6, TNF-or) and chemokine of MCP-1 in human monocytes. The
SARS-CoV N protein might aso induce IL-6 and MCP-1 secretion. Dendritic cells
secreted IL-10 and IL-12 cytokines under S protein (1000 ng/mL) stimulation. The
pcDNA-S and pcDNA-N (0.2 ug/mL) or N protein (1 pug/mL) may induce NF-xB
activation in A549 cells.

Conclusion: The SARS-CoV E protein may induce proinflammatory cytokines and
chemokines secretion of moncytes and S protein may induce the release of 1L-10 and IL-12
in dendritic cells from healthy adults. Through these cytokines and chemokines, the
immune system may be activated and lead to the cytokine storm and the
immunopathol ogical damage.

Key words. SARS, dendritic cells, monocyte, NF-kB, A549 cells
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I ntroduction

Since November 2002, an outbreak of the mysterious illness called severe acute respiratory
syndrome (SARS) was noted in Foshan city of Guangdong Province. In February 2003, a physician
from Guangdong Province became ill while staying in a Hotel in Hong Kong. The hotel guests
became infected and transported the disease to Vietnam, Singapore, Canada, Ireland and the United
States. Today, it was reported in 27 Countries including Taiwan'.

The SARS patients presented with fever (100%), chills (74%), cough (62%), myalgia (54%),
malaise (50%), dyspnea (20%) and diarrhea (10%).> The symptoms aggravated in the second week
and nearly 40% of the patients developed respiratory failure that required assisted ventilation.® The
mortality rate was reported as 6.5%~7%.%° The specimen from patients was cultured and a new virus
called SARS-associated Coronavirus (SARS-CoV) was isolated. The SARS-CoV is a member of the
Coronaviridae family of enveloped, positive —stranded RNA viruses.® The 27-32 kb genomes of
coronaviruses encode 23 putative proteins, including four major structural proteins; nucleocapsid (N),
spike (S), membrane (M), and small envelope (E).° Guillen et a have identified three regions on the
SARS CoV spike glycoprotein with membrane-interacting capabilities, which supports their direct
rolein SARS CoV-mediated membrane fusion.”

The new virus targeted mainly the lower respiratory tract. In the post-mortem lung biopsy, a
giant-cell infiltrate was seen with a pronounced increase in macrophages in the alveoli and the
interstitium of the lung.? Besides, the consistent clinical progression, shifting radiological infiltrates,
and an inverted V viral-load profile suggest that worsening in week 2 is unrelated to uncontrolled
viral replication but may be related to immunopathological damage.*

Although the high morbidity and mortality of SARS in adults, there was rare mortality
reported in the children. The report from Hong Kong pointed out that the symptoms of SARS in
younger children were milder and the clinical course was not as aggressive as adult. Besides, Kwang
et al believed that SARS in children can be amild and self-limiting disease.” Therefore, the aim of the
project is to design the experiment to see the differences of immunological responses to SARS-CoV
protein in healthy children and adults. We hope that the result could explain the reason of milder
disease in younger children and the immunological pathogenesis of SARS.




Materials and M ethods

1. Patientsand Samples

Twenty healthy children of 5~15 years old and twenty healthy adults of 30~40 years old were
enrolled. The informed consents were obtained from all studied subjects. Blood samplings were
done for experiment. Besides, cord bloods with informed consents were also drew for study. In
addition, monocytes or dendritic cells will be isolated from individual of different age and
stimulated with the SARSCoV and related proteins.

2. lsolation and cultue of human monocytes and dendritic cells

@ Isolation of mononuclear cells
Mononuclear cells are isolated from heparinized peripheral blood by Ficoll-Hypaque density
gradient centrifugation (400xg for 20 min at RT). The mononuclear cells layer is washed two
times with sterile Hank’ s solution.

@ Isolation of CD 14" monocytes from peripheral mononuclear cells
Add 15 ) of anti-CD14 conjugated magnetic microbeads and 85 A buffer per 10’ PBMC for 30
minutes at 4°C. Use MACS column to purify monocytes.

® Dendritic cells preparation
Generate DCs by culturing monocytes in RPMI medium supplemented with 10% FCS with IL-4
200 U/mL and GM-CSF 800 U/mL in the concentration of 10° cellsmL for 5 days (37°C/5%
COy).

3. SARS-CoV protein preparation

Use Baculovirus expression vector for SARS-CoV protein expression. The pBlueBac4.5/V5-His
vector were recombinated with SARS-CoV S, N, E, M DNA in insect cells respectively. After
selection of recombinated strain, amplification, expression, and secretion of viral protein were
done according to manufacturer’s guide. The purification of viral protein was done by Ni
column.

4. Monocytes stimulation

Purified monocytes (10° cellsmL) are cultured with S, N, E, M protein or LPS 100 ng/mL
(positive control) or RPMI, BSA (negative control) for 24 hrs (37°C/5% CO,). The supernatant
iIsmeasured by ELISA for IL-1, IL-6, IL-8, TNF-o,, MCP-1.

5. Dendritic cells stimulation

@ Maturation of DC
DCs are stimulated by addition of S protein or LPS 100 ng/mL (positive control) or RPMI
(negative control) in the presence of cytokines (IL-4 200 U/mL + GM-CSF 800 U/mL) for
24~48 hrs (37°C/5% COy).

@ Cytokine detection
The supernatants are measured by ELISA for IL-10, IL-12 p70 and 1L-12 p40.




6. Phenotypic analysis of cultured dendritic cells

To further characterize the surface markers of dendritic cells, antibodies against MHC class II,
CD14, CD11c, B7-1, B7-2, CD40 and OX40L will be used to analyze the surface molecules
expressed on the cultured dendritic cells. The cells are washed and resuspended in 0.5 ml of PBS
with 0.1% sodium azide and subjected to FMF analysis. A total of 10,000 cells are counted and
the frequency and mean density of each cell surface marker were determined using appropriate
software (FACScan, Becton Dickinson, Mountain View, CA). Controls are cells suspended in
medium.

7. Cytokine secretion

Culture supernatants are collected at 24, 48 and 72 hours following co-culture of 2 x 10°
monocytes or BM-DC cells with the different stimuli. Cytokines such as IL-1, IL-6, IL-8, IL-10,
IL-12 and TNF-a are determined by Quantikine M ELISA Kit (R&D Systems, MN, USA).

8. NF-kB-dependent reporter assays

Transfect the epithelial cell line (A549) with 3X«kB-luciferase reporter plasmid (0.2 ug/mL) and
pPcDNA-V, pcDNA-S, pcDNA-N, pcDNA-E, pcDNA-M (0.2 ug/mL) respectively. Use the
luciferase reporter assay to check NF-xB activity. Monocytes or dendritic cell were plated in
35-mm dishes. On the following day, the cells were transfected with the indicated expression
vectors using Lipofectamine (Promega). The reporter plasmid, 3xkB-L (kindly provided by Dr.
Nakano, Juntendo University), has three repeats of the NF-kB site upstream of a minimal
thymidine kinase promoter and a luciferase gene in pGL-2 vector (Promega). After 24 h, the
cells were harvested in PBS and lysed in a luciferase lysis buffer. The lysates were assayed for
luciferase activity using a luminometer.
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2. Effects of SARS-CoV S protein on IL-10, 1L-12 p40, and IL-12 p70 secretion in human
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Discussion

Since the immunopathological damage was related to the worsening of the clinical course®,
several centers have measured the cytokine levels in SARS patients. National Cheng Kung University
discovered that an interferon-gamma-related cytokine storm including IFN-gamma, IL-18, MCP-1,
MIG, and IP-10 was induced post SARS coronavirus infection, and this cytokine storm might be
involved in the immunopathological damage in SARS patients.’® Southern Medical University in
Guangzhou found that induction of IP-10 is a critical event in the initiation of immune-mediated
acute lung injury and lymphocyte apoptosis during the development of SARS. The prompt elevation
of IL-6, IL-8 and MCP-1 is asign of superinfection indicating a high risk of death.™*

Our study showed that SARS-CoV E protein prepared from Baculovirus expression system may
induce the secretion of proinflammatory cytokines (IL-1, IL-6, TNF-o) and chemokine of MCP-1 in
human monocytes from healthy adults. The SARS-CoV N protein might also induce IL-6 and MCP-1
secretion. Therefore, the monocytes may launch the immune system after encounter SARS virus
through these cytokines and chemokines. Besides, the dendritic cells cultured in vitro from healthy
adults secreted IL-10 and IL-12 cytokines under S protein stimulation. Dendritic cells would inhance
the immune reaction of lymphocytes through these cytokines. We are now collecting the cord blood
and blood from children to seeif there is any different cytokines and chemokines secretion pattern.

About signaling pathway, we failed to transfect pcDNA to monocytes and dendritic cells. The
transfection of A549 epithelial cell line demonstrated that the pcDNA-S and pcDNA-N or N protein
may induce NF-kB activation. Chang et a found that S protein of SARS-CoV could induce release of
IL-8 in the lung cells via activations of MAPKs and AP-1.%? Further signaling pathyway should be
studied.

In conclusion, the SARS-CoV E protein may induce proinflammatory cytokines and chemokines
secretion of moncytes and S protein may induce the release of 1L-10 and IL-12 in dendritic cells from
healthy adults. Futher studies in young children and cord blood should be done to explore the
mechanism of milder symptoms and less aggressive clinical course in children. The signaling
pathway in monocytes dendritic cells should aso be studied for the immunopathogenesis of SARS.
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