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Apoptosis is an important host defense mechanism against mycobacterial infection. Recent reports suggest that links

between apoptosis and endoplasmic reticulum (ER) stress are critical for the regulation of mycobacterial survival,

however, the exact regulatory mechanisms are not well known. In this study, we isolated 20 Mycobacterium tuberculosis

(Mtb) clinical strains from Korean patients and examined ER stress-mediated apoptosis in Mtb-infected macrophages.

Most Mtb strains increased the rates of apoptosis and production of ER stress-sensing molecules in mouse macrophages,

similar to Mtb H37Rv infection. Moreover, the intracellular survival of Mtb clinical isolates in macrophages was similar
to that of H37Rv. Our data suggest that infection with Mtb downregulated MCP-1 and MCPIP. The regulation of MCPIP
may decrease ROS production, leading to a reduction in ER stress-mediated apoptosis.
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S} (4). Salmonella Enterica®} Anaplasma phagocytophilum
= phosphatidylinositol 3-kinase/Akt (PI3K/Akt) 4 25 EHA]
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MATERIALS AND METHODS
M=ot Aol Hij S

np-2s FE] SEAMET Raw264.7S 10% FBSSH
penicillin (Lonza, Walkersville, MA, USA), streptomycin (Lonza,
Walkersville, MA, USA)¢| ¥3+¥ DMEM (Lonza, Walker-
sville, MA, USA) 2.2 W93} T} H37RY (ATCC 27294),
el A3FFE 10% OADC (oleic acid, albumin,
dextrose, catalase), 5% glycerol, 0.05% Tween-80°] &%
Middlebrook 7H9 (BD Biosciences, San Diego, CA, USA) <!
AufAlel A vjgFst 5, dAE FHst Adde 2
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AiAlell HFste] WA § ek wEete] A3

o) e 24
Western Blot analysis

Aeis AR ZEAAEE FHF F, 50 mM Tris
(pH 7.4), 150 mM NaCl, 1% NP-40, 0.5% sodium deoxy-
cholate, 2 mM sodium fluoride, 2 mM EDTA, 0.1% SDS and
protein inhibitor cocktail®] 3%} radio-immunoprecipitation
assay (RIPA) bufferE 7}sbe] 3813t o] % 12% SDS-
polyacrylamide (SDS-PAGE) gel “Joll 4 77]95& 343}
31 polyvinyl difluoride (PVDF) membrane®l] 7 ©|3}3itt. ©]
% 5% non-fat skim milk”} Z$H tris-buffered saline tween
(TBS-T; 20 mM tris, 137 mM sodium chloride, 0.1% tween-20,
pH8.0)0 2 Aeo]A] 147+ Bk vk A 7T}

12} &A= CHOP (Cell Signaling, Danvers, MA, USA),
binding immunoglobulin protein (Bip; Cell Signaling), p-elF2a
(Cell Signaling), p-SAPK/INK (Cell Signaling), p-extracellular
signal-regulated kinase (Erk)1/2 (Cell Signaling), p-p38 MAPK
(Cell Signaling), caspase-3 (Cell Signaling), MCPIP (Santa Cruz,
Dallas, TX, USA) “L2]aL P-actin (Santa Cruz)> ZH7} 1:
1,0000.2 3|43t ALg3lR o, 2%} &A= horseradish
peroxidase (HRP)7} EX]EJ anti-rabbit IgG (Cell Signaling,
Danvers, MA, USA) & &
San Diego, CA, USA) A5 ARS8t whilz why o
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InvitroGen, San Diego, CA, USA)E 1A17F 28] & A5}
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Louis, MO, USA)& A&l 33t} I Adt& A4

FE NS 318} lactate dehydrogenase

AN FEAANEE 5

71 macrophage®]
(LDH) release assay kit (Roche, Mannheim, BY, Germany)E

Y jef & EFFEAE SAHSISIT
ELISA (Enzyme—linked immunosorbent assay)
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Figure 1. Induced apoptosis and endoplasmic reticulum (ER) stress activation by clinical isolates of Mycobacterium tuberculosis (Mtb).
Raw264.7 cells were infected with H37Rv and 20 clinical isolates of Mtb (multiplicity of infection; MOI=1) for 3 h, and incubated for an
additional 24 h. (A) The percentage of sub-Gl cells was measured using flow cytometry for the detection of apoptosis. Stimulation by 500 nM
staurosporine (STS) for 6 h was used as a positive control. (B) Necrosis was assessed by assaying lactate dehydrogenase (LDH) release from
culture supernatants. (C) Western blotting was performed using antibodies against C/EBP homologous protein (CHOP), phospho-eukaryotic
initiation factor (elF2)a, binding immunoglobulin protein (Bip), caspase-3, and B-actin. As a positive control, cells were treated with 500 ng/
ml tunicamycin (TM) for 6 h. The densitometry values for each protein were normalized to the B-actin level, and compared to cells infected
with H37Rv. p < 0.05; "p <0.01; and “"p < 0.001. "Indicates statistically significant differences, compared to cells infected with the clinical
isolate, IN1302. Tp < 0.05; Tp < 0.01; and Tp < 0.001. The data are representative of at least three independent experiments. Bars represent
the means £ SD.
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Figure 2. Intracellular survival of Mtb isolates in Raw264.7 cells. Colony-forming unit (CFU) assays were performed to measure the
intracellular survival of H37Rv and 20 clinical isolates of Mtb in Raw264.7 cells. Statistical dlfferences in Mtb survival, compared to
H37Rv, were calculated using a one-way ANOVA with Bonferroni's multiple comparison test. p < 0.05; “p < 0.01; and ""p < 0.001.

N>3. Bars represent the means + SD.
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Figure 3. The production of proinflammatory cytokines by Raw264.7 cells infected with clinical isolates of Mtb. Raw264.7 cells were
infected with H37Rv and clinical isolates of Mtb at a ratio of 1:1. Twenty-four hours after infection, supernatants were collected and subjected
to ELISAs for tumor necrosis factor (TNF)-a, monocyte chemotactic protein (MCP-1), and interleukin (IL)-6. As a positive control, cells
were treated with 500 ng/ml llpopolysaccharlde (LPS) for 24 h. *Indicates significant differences compared to cells infected with H37RV
*p<0.05; “p<0.01; and *p < 0.001. "Indicates significant differences compared to cells infected with the clinical isolate, IN1302. Tp <
0.05 and f 'p<0.01. N23 Bars represent the means + SD.
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Figure 4. The expression of MCP-induced protein (MCPIP) through the mitogen-activated protein kinase pathway during Mtb infection.
Raw264.7 cells were infected with clinical Mtb isolates for 30 or 60 min, and then subjected to Western blot analyses targeting (A) phospho-
c-Jun N-terminal kinase (JNK), extracellular signal-regulated kinase (ERK), and p38, or (B) MCPIP. Treatment with 500 ng/ml LPS for 1 h
was used as a positive control. The densitometry values for each protein were normalized to the B-actin level. “Indicates significant differences
compared to cells infected with H37Rv. “p < 0.01. "Indicates significant differences compared to cells infected with the clinical isolate,
IN1302. 'p < 0.05 and "p < 0.01. The data are representative of at least three independent experiments. Bars represent the means + SD.
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Figure 5. ROS synthesis in Raw264.7 cells infected with 1 of 20 clinical isolates of Mtb. Raw264.7 cells were incubated for 3 h with
H37Rv or clinical Mtb isolates, and then cultured for 24 h in DMEM. For the analysis of intracellular ROS production, cells were incubated
with dihydroethidium (20 uM) for 30 min and then analyzed by flow cytometry. H202 (10 mM, 30 min) was used as a positive control.
Statistical dlﬁerences between the Mtb- and H37Rv-infected cells were examined using a one-way ANOVA with Bonferroni's multiple

comparison test. 'p < 0.05. N>3. Bars represent the means  SD.
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