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ABSTRACT

Aim:

Group A streptococcus (GAS) causes a wide spectrum of diseases,
ranging from mild pharyngitis, impetigo, and scarlet fever to life-threatening
diseases including necrotizing fasciitis and streptococcal toxic shock syndrome.
Nonsuppurative sequelae, such as acute glomerulonephritis and rheumatic heart
disease, may also occur. Despite the availability of effective antimicrobial agents,
there has been a worldwide increase in the incidence of serious invasive GAS
infection in recent years. In Taiwan, patients of all ages with necrotizing fasciitis,
toxic shock syndrome, and post-infection sequelae have been reported. No
vaccine is available. Our previous studies have shown that Cordyceps sinensis
mycelium (CS) protected mice from GAS infection. We also demonstrated that CS
abrogated the streptococcal pyrogenic exotoxin B (SPE B)-mediated suppression of
phagocytosis in monocytic cells by inducing the production of cytokines.

Method:

To further characterize the effects of CS in microbial infections, mice were
inoculated with GAS via an air pouch with or without force-feeding with CS. We
used large-scale screening by cDNA microarray and protein array to examine the
inflammation-, immune response-, and signal transduction-related gene expression
in mouse spleen cells after GAS infection with or without CS treatment. We
further fractionated and investigated the protective efficacy of different fractions
using the mouse model of GAS infection. Mouse survival rates, local tissue and
organ damage, bacterial growth and dissemination, and chemokine and cytokine
production were compared between mice given different fractions of CS extract.
Results and Discussion:
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Microarray, protein array and RT-PCR analysis showed the increased
expression of cytokines and chemokines, including IL IL3, IL3Rb, IL-10, IL12,
TNF-#5, STNF-RII, CTACK, CXCL16, Eotaxinl, MIG, MIP-1, and TCA-3 in mice
after GAS infection with CS treatment. Animal model was used to test whether the
CS extract or fractions would provide the protection against GAS infection. Mouse
survival rates were increased in CS extract and fractions pretreated groups. Among
them, Fraction 2 conferred the best protective effect. CS extract and Fractions 1 and
2 all dramatically reduced local skin tissue damage. Bacterial dissemination rates
were lower in CS-pretreated and Fractions 1 and 2-pretreated mice as compared
with in untreated mice at 48 h after bacterial inoculation. Among them, CS- and
Fraction 2-pretreated mice showed the most effective protection. The in vitro studies
indicated that CS extract and fractions could activate monocytic cell line U937
to enhance phagocytic activity and bactericidal ability. Therefore, CS extract and
fractions provide protection in the host against GAS infection.

Keywords: Cordyceps sinensis mycelium, Group A streptococcus, Infection mouse
model
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5-AGGTGGAAGAGTGGGAGTTGCTG-3' (reverse).
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Table 1. Gene elements up-regulated and down-regulated by group A streptococcal
(GAS) infection

¥

Em

Ratio Gene Description
5.1 Cxcl2 MiP-2 Chemokine (C-X-C motif) ligand 2 (Cxcl2)
4.07 1r2 IL1R Interleukin 1 receptor, type Il (I11r2)
2.87 lgfbp7 IGFBPT Insulin-like growth factor binding protein 7 (lgfbp7)
2.25 Cd14 CcD14 CD14 antigen (Cd14)
313 Ccré MIP-3u R Chemokine (C-C motif) receptor 6 (Ccré)
-2.5 llGst IL6st Interleukin 6 signal transducer
-2.33 liGra ILG6 R Interleukin 6 receptor, alpha

-2.23 Ccr2 MCPA/MCP-5 R Chemokine (C-C motif) receptor 2 {Ccr2)

-1.04 Tir7 TLR7 Toll-like receptor 7
-1 Cd36 CD36 CD36 antigen (Cd36)
1 Cxcri CXCR6 Chemokine (C-X-C motif) receptor 6 (Cxcrb)
-0.85 li2rg IL2 R Interleukin 2 receptor, gamma chain
-0.84 Cd40 CD40 CD40 antigen (Cd40), transcript variant 2
0.8 Csf2ra CSF2R Colony stimulating factor 2 receptor, alpha
-0.72 IMOrb IL10 R Interleukin 10 receptor, beta (1110rb)
Mouse Cytokine Antibody Array IlI '_:‘ljf‘““e 'KLST
CS24 BLC Leptin R
: CD3aoL Leptin
W cD30T X
Ty CDA40 e
CRG-2 Lyphotactln
CTACK MCP1
CXCL16 MCP5
Eotaxini MCSF
Eotaxin2 MIG
. [ Fractalkine MIP-1y
MIP-2
MIP-3g
MIP-3a
PF-4
P-Selectin
RANTES
SCF
TARC
TCA-3
TECK
TIMP-1
TNF-ox
sTNF RI
i sTNF RIl
CSNZ24 TPO
Vi |
Figure 1. Cytokine array from spleen extraction supernatant of GAS- Vgég !
infected mice with or without C. sinensis (CS) mycelium extract treatment. IL13 Positive
A ~ A 4 A= A= L2 N 2 ~
— 2 5 %2 2 %% A i~ A X A3 23 pdh T
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Table 2. Cytokine expression in mouse spleen extraction supernatant.

Cytokine Ratio Function
. ] O res
Positive Ocs -
E cas

B cs+GAS Actvating natural killer cells and macrophages.
increasing antigen presentation fo
lymphocytes

Pro-inflammatory cytokine

]
IL1p Pro-inflammatory cytokine
——1 Supgorting growth and differentiation of T
IL3 cells from the bone mamow in an immune
| [ESDONSE
[ 1]
IL3R D _ IL3 receptor
Acting as both a pro-inflammatory and ant-
inflammatory cytokine
I
IL10 b Anti-inflammatary cylokine
IL12 pd0ipT0 — Invodving in the differentiation of naive T cells
pAlip into Thi cells
[ ]
IL12 p70 !mn: wing in the differentiation of naive T cells
into Thi cells
1
[ ]

THF -

Pro-inflammatory cytokine

sTNF RII Soluble TNF-z receptor |l
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Table 3. Chemokine expression in mouse spleen extraction supernatant.

Chemokine

Ratio

Function

Positive

Ores
Ocs

B cas

M c5+GAS

CXCL16

Eotaxin1

CCL2T, a skin-associated chemokine that preferentially
atiracis skin-homing memory T cells

CXCL18 interacts with CXCRE and atiracts T
cells, NKT cells

Eosinoghil chemoatiractant

Meutrophi chemoattractant

Leptin plays a key role in regulating energy
intake and energy expendiurs.

Monooyte chemotactic protein-1

Monocyte chemotactic protein-3

Monokine induced by gamma interferon (MIG]
{CHCLA) is a T-cell chemoatiractant.

Macrophage mfiammatory protein 1

Macrophage mfiammatory protein 1

TCA-3 (CCLY) secreted by activated T cells and aitracts
maonocytes, NE cells, and immature B cels and dendritic
cells.

Cs

IL-12 p40

IFN-y

GAPDH

100 150

12 h.p.i.

Figure 2. Levels of cytokine mRNA in GAS-infected
mouse splenocytes with or without C. sinensis (CS)
mycelium extract treatment. BALB/c mice were
force-fed CS or PES for 3 consecutive days
followed by GAS infection for 12 hours. The mRNA
expression of IL-12 p40, MCP-1, and IFN-y were
detected using RT-PCR. GAPDH is the internal

control.
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Figure 3. Extraction and fractionation protocol of C. sinesis mycelium.
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Figure 3. Extraction and fractionation protocol of C. sinesis mycelium.
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Figure 4. Both C. sinensis mycelium extract (CS) and
fractions (F1, F2) increase the survival rate in GAS-infected
mice. BALB/c mice were force-fed CS mycelium extract for
3 consecutive days and inoculated with 3 x 108 c.f.u. of

GAS in the air pouch 1 day later. Mortality was monitored
for 14 days.
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Figure 5. Both total extract and fractions of C. @"?‘ ,(J .:;‘ c;‘
sinensis mycelium can protect BALB/c mice .ifﬂ o NS
from GAS infection. (D.P.l. means days post- ) ?53 ?.co
inoculation) <) )
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Table 4. Bacterial counts in theair pouch and blood atter GASinfection with or without force feeding C. sinensis

Tr eatment and time Sample site B acterial number for each mouse (CFU/ml)
post-infection 1 2 3 4 5 6 7 8
PBS-treated, 48 h Airpouch  5.3x 107 58x107 3.9x10" 16x10° 83 x10° 1.1x 107 2.9x 107 NA
Blood -- 1.1 x10? -- 73x10% 11x10° 4.1x 10> 3.0x 10" 9.0 x 10’
CS4reated, 48 h Arpouch  4.4x 108 2.3x107 57 x10® 40x107 19x 10° 3.6x 107 8.1x 107 1.7 x107
B ood -- -- -- - -- 1.0x 10 -- -
Fi-treated, 48 h Arpouch NA 3.2x10% 7.2x107 44x10" 23 x 105 1.2x 108 8.9x 108 NA
B ood -- 1.0 x 10 -- - 90 x 10? 2.6x 10° 3.0x 10' -
F2-treated, 48 h Airpouch 48 x 107 34 x 10" 1.5x 10° - 5.6 x 108 NA NA 4.5x 108
B ood -- -- -- - - - 70x10" 3.0x 10

NA, not ap plicabl e; --, undetectable.
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Untreated PBS CS 50 pg/ml F150 pgiml F2 50 pg/ml
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Figure 6. CS mycelium extract and fractions enhance U937 phagocytic
activity. U937 cells (5x10°in 1 ml) wereincubated with or without 50 pg/ml
of CS mycelium extract for 24 h. The cultures were mixed with or without
FITC-labeled beads (Bead*F) for 1 h and then analyzed using flow cytometry.
**p <0.01, **p<0.001 as compared with untreated + Bead*F.
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Figure 7. CS mycelium extract and fractions enhance U937
bactericidal activity. U937 cells (5 x 105in 1 ml)wereincubated
with or without50 pg/ml of CS mycelium extract for 24 h. The
cultures wereinfected with GAS (moi=10) for 1 h and then the
extracellular bacteriawere killed by adding antibiotics. The cells
were lysed and the bacterial numbers were counted. * p <0.05 as
compared with untreated group.

# Iefractionsen* ) § ¥ 7554 X P4 $20 U937 i Pe 3 M )6
4 gl

o

152



