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ABSTRACT

Background: Mouse hepatitis virus (MHV) A59 is a highly infectious pathogen and starts

in the respiratory tract and progresses to systemic infection in laboratory mice. The
complement system is an important part of the host immune response to viral infection. It is
not clear the role of the classical complement pathway in MHV infection.

Objectives: The purpose of this study was to determine the importance of the classical
pathway in coronavirus pathogenesis by comparing CIga KO mice and wild-type mice.
Methods: We generated a C1ga KO mouse using CRISPR/Cas9 technology and compared the
susceptibility to MHV A59 infection between CIga KO and wild-type mice. Histopathological
and immunohistochemical changes, viral loads, and chemokine expressions in both mice
were measured.

Results: MHV A59-infected CI1ga KO mice showed severe histopathological changes, such as
hepatocellular necrosis and interstitial pneumonia, compared to MHV A59-infected wild-
type mice. Virus copy numbers in the olfactory bulb, liver, and lungs of €1ga KO mice were
significantly higher than those of wild-type mice. The increase in viral copy numbers in Clga
KO mice was consistent with the histopathologic changes in organs. These results indicate
that Clqga deficiency enhances susceptibility to MHV A59 systemic infection in mice. In
addition, this enhanced susceptibility effect is associated with dramatic elevations in spleen
IFN-y, MIP-1 o, and MCP-1 in C1ga KO mice.

Conclusions: These data suggest that CIga deficiency enhances susceptibility to MHV A59
systemic infection, and activation of the classical complement pathway may be important for
protecting the host against MHV A59 infection.

Keywords: Mouse hepatitis virus; classical complement pathway; knockout mouse; CRISP

INTRODUCTION

Mouse hepatitis virus (MHV) constitutes a group of betacoronaviruses and is commonly used
as a model to study coronavirus entry, replication, and pathogenesis [1,2]. Many MHYV strains
can infect laboratory mice. MHV may be transmitted by aerosols, fomites, or direct contact
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[3,4]. There are two major strains of MHV: polytropic strains, which are primarily spread by
aerosols or fomites, and enterotropic strains, which are transmitted through ingestion of
fecal material from infected mice [5]. Generally polytropic strains such as MHV A59, MHV-1,
JHM can cause systemic infections.

The activation of complement system is a critical mechanism for the host to defend against
many bacterial, viral, and fungal infections. It is involved with pattern recognition receptors
to stimulate host defense systems prior to activation of the adaptive immune response [6].
Complement component 1q (Clq) is a protein complex involved in the classical pathway of
the complement system, which is part of the innate immune system [7]. C1q binds to the
surface of the pathogen, C-reactive protein, or Fc region of the antibody that binds to an
antigen. Subsequently, the classical pathway is initiated by forming the C1 complex with the
serine protease subunits C1r and Cls [8]. Among the three complement pathways, mice with
no Clqa gene experience a blocked classical pathway while the lectin and alternative pathways
proceed normally [9]. Hereditary deficiency in the C1q protein is associated with absence of
the classical pathway, which leads to the development of systemic lupus erythematosus [10].
Approximately 25% of the CIga knockout mice in one study developed glomerulonephritis at
8 months of age, and mice without glomerulonephritis showed more glomerular apoptotic
bodies compared to wild-type mice [9]. C1q binds to apoptotic keratinocytes in an antibody-
independent pattern. In Clq deficiency, where the removal of apoptotic cells is abnormal,
these keratinocytes may provide a major source of autoantigens that drive the innate immune
response in systemic lupus erythematosus and related autoimmune diseases [11].

Previous study of Clga-deficient mice has demonstrated that the classical complement
pathway is required for innate immunity to Streptococcus pneumoniae infection in mice [12].
However, the mechanisms of Clga-associated responses in coronavirus infection are not well
known. In this study, we generated a CIga knockout mouse using CRISPR/Cas9 technology
to study susceptibility to MHV A59 infection. The purpose of this study was to determine the
importance of the classical pathway in coronavirus pathogenesis by comparing CIga KO mice
and wild-type mice.

MATERIALS AND METHODS

Cell and virus stock preparation

A mouse fibroblast cell line (NCTC clone 929, KCLB-10001, Korea) was cultivated in
Dulbecco's modified eagle medium supplemented with 10% fetal bovine serum. The MHV
AS59 strain (ATCC® VR-550™, USA) was inoculated after approximately 70-80% confluency.
After 5 days of inoculation, the culture flask was frozen at -70°C and then thawed at room
temperature. Cell lysate was centrifuged at 3,000 x g, and the resulting supernatant was
filtered with a 0.25 um syringe filter. The viral stock was divided into 500 pL aliquots and
stored at —70°C. The virulence of the harvested viral stock was measured by endpoint dilution
assay. The viral titer was determined to be 1 x 10" TCIDso/mL.

Animal experiment

C57BL/6J-Clqa knockout (CIga KO) mice were generated using CRISPR/Cas9 technology

at Yonsei University (Seoul, Republic of Korea) as described previously [13]. C1ga KO and
C57BL/6] (wild-type) mice were raised in the laboratory animal breeding room at the
College of Veterinary Medicine, Konkuk University (Seoul, Republic of Korea). The targeted
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genotypes of C1ga KO and wild-type mice were confirmed by polymerase chain reaction
(PCR) amplification of genomic DNA extracted from tail biopsies (Supplementary Fig. 1).
Specific pathogen-free conditions were maintained in the breeding room. The mice were
housed individually in ventilated cages with sterilized feed, water, and bedding material.
The temperature was maintained at 22 + 2°C by air-conditioning facilities, and the humidity
was kept at 50 +10% with a 12 h light/dark cycle. All animal studies were approved by the
Institutional Animal Care and Use Committee of Konkuk University (KU19100).

Virus inoculation

Four-week-old C1ga KO and wild-type mice were anesthetized with Alfaxalone (60 mg/kg) and
Xylazine (5 mg/kg) intraperitoneally. The virus stock was diluted with phosphate-buffered saline
(PBS). After confirming the loss of pain sensation, 5 x 10> TCIDs, of MHV A59 was inoculated
intranasally. Clinical signs and body weight changes were observed and documented daily.
Infected mice in each group (n = 5) were sacrificed on both days 3 and 6 post-infection. The
weights of the liver, lungs, and spleen were measured to compare the organ to body weight
ratio. Susceptible organs, such as the brain, liver, lungs, spleen, and intestines, were harvested
for molecular and histopathologic analyses. Parts of the organ samples were fixed in 10%
neutral-buffered formalin for paraffin section, and the rest were frozen at -80°C.

Quantification of viral copy number in each organ

Primers were designed to detect the MHV A59 nucleocapsid (N) gene, which is comprised
of 157 base pairs (bp). The forward primer was 5'-GCGTTGCAAAGCCCA-3', and the reverse
primer was 5'-CGCCGACATAGGATTCAT-3'". The brain, spinal cord, liver, lungs, spleen,
and ileum were isolated from infected mice. The brain was separated into the olfactory
bulb, cerebrum, and cerebellum. Each organ (20 mg) was homogenized and centrifuged at
3,000 x g. Viral RNA was isolated using the Viral Gene-spin Viral DNA/RNA Extraction Kit
(iNtRON Biotechnology, Republic of Korea). For cDNA synthesis, the mixture of extracted
RNA was incubated at 60°C for 15 min and immediately cooled on ice. The standard curve
was generated using 10-fold serial dilutions of the purified cDNA. The dilution ranged
from 10° to 10" copies/uL and was tested in triplicate. The standard curve was plotted
between the standard DNA concentration (log copy number) and threshold cycle (Ct). Ct
values in susceptible organ tissues were measured by real-time PCR (RT-PCR), and viral
copy numbers per mg of organ were calculated by extrapolating the average Ct values from
the standard curve. RT-PCR was conducted with the CFX96 real-time system (Bio-Rad,
USA) and AccuPower GreenStar RT-qPCR Master Mix (Bioneer, Korea) according to each
manufacturer's recommendations.

Quantitative RT-PCR in the spleen

mRNA was isolated from the spleen of C1ga KO and wild-type mice to compare the expression
levels of cytokines and chemokines, such as IFN-a, IFN-f, IFN-vy, IL-6, macrophage
inflammatory protein-lo. (MIP-1a), and monocyte chemoattractant protein-1 (MCP-1). mRNA
isolation was accomplished using TRIzol reagent (Ambion, Inc., USA), and cDNA was
synthesized using M-MLYV reverse transcriptase (Invitrogen). RT-PCR was conducted with

the CFX96™ real-time system (BIO-RAD) using AccuPower GreenStar RT-qPCR Master Mix
(Bioneer) according to each manufacturer's recommendations. The RT-PCR primers used are
shown in Table 1. The Ct value of each gene, which is inversely correlated with the expression
level, was measured as the cycle number at which fluorescent emission increased above a
certain threshold. The relative expression of each sample was normalized to the expression of
B-actin, the housekeeping gene, and calculated by the 27**“ method.
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Table 1. The primer sequences of cytokine and chemokine

Gene RT-PCR primers
B-actin Forward 5'-GCGAGCACAGCTTCTTTGCAGC-3’
Reverse 5'-AATACAGCCCGGGGAGCATCGT-3'
Ifn-a Forward 5'-GGACTTTGGATTCCCGCAGGAGAAG-3'
Reverse 5'-GCTGCATCAGACAGCCTTGCAGGTC-3'
Ifn-B Forward 5'-AACCTCACCTACAGGGCGGACTTCA-3'
Reverse 5'-TCCCACGTCAATCTTTCCTCTTGCTTT-3'
Ifn-y Forward 5'-TCAAGTGGCATAGATGTGGAAGAA-3'
Reverse 5'-TGGCTCTGCAGGATTTTCATG-3'
-6 Forward 5'-GAGGATACCACTCCCAACAGACC-3'
Reverse 5'-AAGTGCATCATCGTTGTTCATACA-3'
MCP-1 Forward 5'-CTTCTGGGCCTGCTGTTCA-3’
Reverse 5'-CCAGCCTACTCATTGGGATCA-3'
MIP-To Forward 5'-CTTCTCTGTACCATGACACTC-3'

Reverse 5'-AGGTCTCTTTGGAGTCAGCG-3’

Histopathological analysis

The brain, lungs, liver, and intestines were removed from sacrificed mice, fixed with

10% neutral-buffered formalin, and processed for paraffin section. Next, each organ was
embedded in paraffin and cut into 5 um thick sections. The sections were deparaffinized,
rehydrated, and stained with hematoxylin and eosin. After staining, the sections were
examined under a BX51 light microscope (Olympus, Japan), and the images were captured by
DP71 software (Olympus). To quantify histopathological lesions, the left lateral lobe, right
median lobe, and quadrate lobe of the liver were assessed in the 200x field of view under the
following parameters: O: normal; 1: infiltration of focal inflammatory cells; 2: hepatocellular
necrosis containing less than approximately 25% of the liver; 3: hepatocellular necrosis
containing less than approximately 50% of the liver; 4; hepatocellular necrosis containing
less than approximately 75% of the liver; and 5: hepatocellular necrosis containing more than
approximately 75% of the liver. The total score of the liver was determined by 3 researchers,
and three sites were analyzed.

Immunohistochemistry

Samples were cut into 5 um thick sections on silane-coated slide glass. Antigen retrieval was
accomplished by using 0.1 M sodium citrate in a microwave oven. Slides were cooled at room
temperature, and endogenous peroxidase activity was inhibited with 3% hydrogen peroxide.
M.O.M. IgG Blocking Reagent (Vector Laboratories, USA) was used to minimize non-specific
reactions. MHV A59 was detected using the monoclonal antibody to MHV NSP9 (OriGene
Technologies Inc., USA). Biotinylated Anti-Mouse IgG Reagent (Vector Laboratories) was
used as the secondary antibody, and detection was conducted using the DAB Peroxidase
Substrate Kit (Vector Laboratories). All slides were counterstained with hematoxylin.

Statistical analysis

Statistically significant differences between the two groups were evaluated by the two-tailed
Student's r-test. A p-value less than 0.05 was determined to be statistically significant. All
values are expressed as means * SE. The virus copy number of each sample was calculated
using the following formula from the standard curve plotted between the log copy number
and Ctvalue [14]:

38.567—-Ct
DNA copy number = 10 3.6549
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RESULTS

Body weight changes

Body weight was lost in both CIga KO and wild-type mice from day 1 of MHV A59 infection.
C14a KO mice continued to lose weight until the end of the experiment while wild-type mice
recovered weight from day 4 post-infection (Fig. 1A). Body weight change (%) in C1ga KO
mice was significantly (p < 0.05) lower than that of wild-type mice between days 4 and 6 post-
infection. On the 6th day after infection, the body weight loss rate was approximately 16% in
C1qa KO mice, but there were no cases of death in either group.

Organ to body weight ratios

Organ weights of the liver, lungs, and spleen were measured on both days 3 and 6 after
infection in each group. The liver to body weight ratio in CIga KO mice on day 6 post-
infection was significantly (p < 0.05) higher than that of the other 3 groups (Fig. 1B). On the
sixth day post-infection, the lung to body weight ratio was significantly increased in Clga

KO mice compared to wild-type mice (Fig. 1C). Both CIga KO and wild-type mice showed a
significantly higher ratio of the spleen to body weight on day 6 relative to day 3 after infection
(Fig. 1D). The spleen to body weight ratio in C1qa KO mice on day 6 post-infection was
increased compared to wild-type mice; however, there was no significant difference between
the two groups.

Viral loads in susceptible organs

Virus copy numbers of MHV A59 in organs were measured by RT-PCR. Both C1ga KO and
wild-type mice showed a significant increase in viral load in infected organs. In the olfactory
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Fig. 1. Body weight changes and organ to body weight ratios in C1ga knockout (C1ga”") and wild-type mice. All mice
in each group (n = 5) were inoculated intranasally with 5 x 10° TCIDs, of mouse hepatitis virus (MHV) A59. (A) Body
weights were measured daily until the end of the experiment. *p < 0.05 versus wild-type mice at the indicated time
points. Organ to body weight ratios in the liver (B), lungs (C), and spleen (D) both 3 and 6 dpi were calculated. Data
are presented as means = SE. *p < 0.05, **p < 0.01 versus 3 dpi of wild-type; *p < 0.05 and **p < 0.01 versus 3 dpi of
Clga’; *p < 0.05 and **p< 0.01 versus 6 dpi of wild-type.

dpi, days post-infection.
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Fig. 2. Virus copy numbers in Clga knockout (C1ga’") and wild-type mice. All mice in each group (n = 5) were
inoculated intranasally with 5 x 10% TCIDs, of mouse hepatitis virus (MHV) A59. Virus copy numbers per mg of
tissue were measured from the olfactory bulb (A), cerebrum (B), spinal cord (C), liver (D), lungs (E), and spleen
(F) both 3 and 6 dpi. Data are presented as means + SE. *p < 0.05, **p < 0.01 versus 3 dpi of wild-type; *p < 0.05
and **p < 0.01 versus 3 dpi of C1qa”; *p < 0.05 and **p < 0.01 versus 6 dpi of wild-type.

dpi, days post-infection.

bulb, virus copy numbers of C1ga KO mice on day 6 post-infection were significantly (p < 0.05)
higher than that of wild-type mice (Fig. 2A). In the cerebrum, virus copy numbers of CIga KO
mice were higher than those of wild-type mice on day 3 after infection. Virus copy numbers in
the cerebrum were increased in C1ga KO mice on day 6 post-infection compared to wild-type
and CIqa KO mice on day 3 post-infection, but no significant difference was observed (Fig. 2B).
In the spinal cord, virus copy numbers of C1ga KO mice were higher than those of wild-type
mice on both days 3 and 6 after infection, but there was no statistically significant difference
between the two groups (Fig. 2C). Virus copy numbers in the cerebellum were less than 400
copies/mg in all groups (data not shown). Among the central nervous system organs, the
olfactory bulb had the highest viral load. The livers of CIga KO mice on both days 3 and 6 after
infection demonstrated a significant increase in virus copy numbers compared to those of
wild-type mice. Virus copy numbers in the livers of C1ga KO mice were greatly increased on day
6 compared to day 3 post-infection (Fig. 2D). In the lungs, virus copy numbers of C1ga KO mice

https://doi.org/10.4142/jvs.2021.22.e36 6/12
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on day 3 after infection were significantly higher than those of wild-type mice (Fig. 2E). Virus
copy numbers in the spleen (Fig. 2F) and ileum (data not shown) were less than 2,000 copies/
mg in all groups, and there was no statistically significant difference between groups. Aside
from the central nervous system, the liver had the highest viral load. The most susceptible
organ to MHV A59 infection in our study was the olfactory bulb.

Histopathology and immunohistochemistry

Single or multiple hepatocellular necrosis was observed in the livers of both C1ga KO and
wild-type mice on day 3 after infection. Necrosis was accompanied by inflammatory cell
infiltrates. By day 6 post-infection, multiple hepatocellular necrosis was enlarged and
became confluent in both CIga KO and wild-type mice (Fig. 3A). Hepatocellular necrosis

H Wild-type
m Clga”"

Grading of histopathological lesion m

3dpi 6 dpi

Fig. 3. Histopathological lesions in C1ga knockout (CTga”") and wild-type mice. Hepatocellular necrosis (arrows)
was present in wild-type (A) and C1qa knockout (B) mice 6 dpi. Interstitial pneumonia with leukocyte infiltration
(arrows) were present in the lungs of wild-type (C) and C1ga knockout (D) mice 6 dpi, respectively. Hematoxylin
and eosin staining (A-D). (E) Hepatic histopathological changes were assessed and graded by 3 researchers. Data
are presented as means + SE. **p < 0.01 versus 3 dpi of wild-type; **p < 0.01 versus 3 dpi of Clga”"; *p < 0.01 versus
6 dpi of wild-type.

dpi, days post-infection.
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in CI1qa KO mice on day 6 post-infection had extended throughout the entire liver (Fig. 3B).
Hepatocellular syncytia, a hallmark of MHV infection, were present around necrotic foci in
all infected mice. The livers of C1ga KO mice on day 6 post-infection displayed a significant
increase in the grading of histopathological lesions compared to that of wild-type mice on
both days 3 and 6 after infection. Furthermore, the grading of hepatic histopathological
lesions of wild-type mice on day 6 post-infection was significantly higher than those of Clga
KO and wild-type mice on day 3 post-infection (Fig. 3E). In the lungs of wild-type mice on
both days 3 and 6 after infection, the alveolar walls were thickening due to inflammatory
leukocyte infiltration. The interstitial pneumonia observed in wild-type mice (Fig. 3C) was
exacerbated in C1q KO mice on both days 3 and 6 post-infection (Fig. 3D). Perivascular edema
and accumulation of inflammatory cells in the perivascular space were also seen in both CIga
KO and wild-type mice.

Immunohistochemistry was used in this study to detect the presence of MHV A59 in

tissues. MHV antigens in the livers of MHV A59-infected mice were detected in and around
hepatocellular necrotic foci in CIga KO (Fig. 4A) and wild-type mice. In the lungs, a few
inflammatory cells in the alveolar walls were positive for MHV A59 antigens in C1ga KO (Fig. 4B)
and wild-type mice. A large number of MHV A59 antigens were found in the white pulp of the
spleen in C1qa KO (Fig. 4C) and wild-type mice, and a few MHV A59 antigens were observed in
neurons of the cerebral cortex in CIga KO (Fig. 4D) and wild-type mice.

Cytokine and chemokine expression levels in the spleen
Cytokines and chemokines, such as IFN-a, IFN-f, IFN-y, IL-6, MIP-1a,, and MCP-1, were
measured by RT-PCR and normalized by the B-actin housekeeping gene. IFN-y mRNA

Fig. 4. IHC analysis in C1ga knockout mice. Mouse hepatitis virus A59 viral antigens (arrows) were present in the
liver (A), lungs (B), white pulp of the spleen (C), and cerebral cortex (D) of C1ga knockout mice by IHC analysis.
IHC, immunohistochemical.

https://doi.org/10.4142/jvs.2021.22.e36 8/12
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expression levels in the spleens of C1ga KO mice at day 6 post-infection were significantly
enhanced compared to those of the other 3 groups. In addition, IFN-y expression levels in
wild-type mice were significantly higher on day 6 relative to day 3 post-infection (Fig. 5A).
The spleens of CIga KO mice on day 6 post-infection displayed a significant increase in
MIP-1o. mRNA expression levels compared to those of the other 3 groups. However, MIP-la
expression levels in wild-type mice were significantly lower on day 6 relative to day 3 post-
infection (Fig. 5B). MCP-1 mRNA expression was significantly upregulated by MHV A59
infection in C1ga KO mice compared to wild-type mice on both days 3 and 6 after infection
(Fig. 5C). IL-6 mRNA expression levels on day 3 post-infection were slightly increased in
Cl1qa KO mice compared to wild-type mice, but there was no significant difference between
the two groups (Fig. 5D). IFN-o and IFN-f expression levels in C1ga KO mice on day 6 post-
infection were higher than that of the other 3 groups, but there was no statistically significant
difference between groups (Fig. 5E and F).
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Fig. 5. Cytokine and chemokine mRNA expression levels in C1ga knockout (C1ga”) and wild-type mice. IFN-y (A),
MIP-1a. (B), MCP-1(C), IL-6 (D), IFN-a. (E), and IFN-f (F) mRNA expression levels in the spleen were measured both
3 and 6 dpi by real-time polymerase chain reaction and normalized by the B-actin housekeeping gene. Data are
presented as means + SE. *p < 0.05, **p < 0.01 versus 3 dpi of wild-type; **p < 0.01 versus 3 dpi of Clga”"; #p < 0.01
versus 6 dpi of wild-type.

dpi, days post-infection.
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DISCUSSION

The activation of complement system is an important part of the host immune response

to viral and bacterial infections. It has been known that viruses encode proteins to help

them evade detection by the complement system [6,15], which means that this system

plays an important role in the host antiviral response. However, the precise mechanisms

of complement-associated responses in viral infections have not well been understood.
Furthermore, given the three pathways in the complement system, it is not known what exact
changes occur in the immune response against viral infections when each pathway is knocked
out. Here, we investigated the susceptibility to MHV A59 infection using CIga gene KO mice
associated with the classical pathway. The CIga KO mice used in this study were generated
using CRISPR/Cas9 technology. Due to the ongoing threat and continued emergence of
novel, highly contagious coronaviruses, a thorough understanding of host susceptibility to
infection with MHV A59 will help to understand the pathogenesis of other coronaviruses.

To mimic natural infection, MHV A59 was inoculated in mice intranasally in this study. CIga
KO and wild-type mice were used to compare the difference in susceptibility to MHV A59
infection between normal and immunocompromised mice. The body conditions of infected
mice were represented by body weight changes. From day 1 after infection, both CIga KO and
wild-type mice showed a decrease in body weight. Wild-type mice started to recover their
weight from day 4 post-infection while CIga KO mice gradually lost more weight until the

end of the experiment. The continuous body weight loss after infection in CIga KO mice was
consistent with increases in viral loads. Viral loads in susceptible organs, such as the olfactory
bulb, cerebrum, liver, and lungs, were significantly increased in CIga KO mice compared to
wild-type mice. Both C1ga KO and wild-type mice displayed histopathological lesions, such as
hepatocellular necrosis, interstitial pneumonia, and perivascular inflammatory cell infiltrates,
in the lungs. Histopathological lesions became more severe as MHV A59 infection progressed.
When comparing wild-type mice, CIga KO mice showed much more severe hepatitis and
interstitial pneumonia in the lungs. These findings indicate that MHV A59 infection results in
more severe viral loads as well as histopathological changes under CIga deficiency. Since MHV
A59 is a polytropic strain, MHV A59 antigens were detected in many organs, such as the liver,
lungs, cerebrum, and spleen in both CIga KO and wild-type mice by immunohistochemistry,
as reported in previous studies [16-18]. The grade of histopathological lesions in the liver was
much higher in C1ga KO mice than wild-type mice, which was also consistent with the increase
in viral loads. These results suggest that Clqa deficiency enhances susceptibility to MHV A59
systemic infection in mice. This hypothesis is consistent with previous studies reporting

that CIqa-deficient mice were more susceptible than wild-type mice after both intranasal and
intraperitoneal inoculation with Streptococcus pneumoniae [12] as well as intraperitoneal and
intravenous infection with Salmonella enterica serovar Typhimurium [19].

To better understand the immunopathogenesis of MHV A59 infection, we investigated the
mRNA expression levels of cytokines and chemokines in the spleen. We observed that Clga-
deficient mice had higher IFN-y, MIP-1a, and MCP-1 expression in comparison to wild-type
mice on day 6 after MHV A59 infection. These proinflammatory cytokines and chemokines play
a key role in the inflammatory response. During sepsis, unbalanced inflammatory response to
infection has been found to contribute to the pathogenesis of multiple organ failure [20,21].
Previous studies have revealed that IFN-y is essential to the development of coronaviral
hepatitis in mice after MHV A59 infection [22,23], which is consistent with the increased
abundance of IFN-y in response to MHV A59 infection in this study. MIP-1a plays an important
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role in the inflammatory response to viral infection [24-26], and MCP-1 regulates the migration
of monocytes, T lymphocytes, and natural killer cells [27]. As seen in previous results [23,28],
the expression levels of MIP-lo. and MCP-1 were significantly enhanced in CIga KO mice, which
were more prone to MHV A59 infection. Based on this cytokine and chemokine data, the
increased levels of proinflammatory responses in Clga-deficient mice could explain the increase
in susceptibility to MHV AS59. Further research is needed to investigate the role of complement
system in the pathogenesis of diseases using the viral infection model in Clga-deficient mice.

In summary, our data suggest that susceptibility to MHV A59 is severely enhanced by Clga
deficiency, and the classical complement pathway plays an important role in protecting the
host against MHV A59 infection.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
PCR genotyping of Clga-deficient mice. PCR products for Cla” (257 bp) and wild-type (219
bp) mice.

Click here to view
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