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ABSTRACT

Human Cytomegalovirus—Induced Interleukin—-10
Production Promotes the Proliferation of
Mycobacteroides abscessus subspecies

massiliense in Macrophages

Jiveon Kim
The Department of Microbiology and Immunology
The Graduate School

Seoul National University

Human cytomegalovirus (HCMV) is a B —herpesvirus and has a
seroprevalence of approximately 60—80% of the world s
population. In initial infections, the symptoms are minimal but it can
establish a lifelong latent infection in the body. HCMV activity or a
latent infection regulates the cell cycle and cytokines, which affects
the host innate immune system and enables severe infection
spreading within the human body. HCMV encodes immune evasion
proteins such as USZ, 3, 11 and ULI111A which exacerbates the
host immune response. In such a host immune—suppressive
environment, there is a risk that the host immune system may not
be able to adequately defend against pathogens. When HCMV
controls the immune system of an infected host, other pathogens

can infect the same host. As examples, HCMV and HIV or HCMV
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and Mycobacterium tuberculosis co—infection cases have been
reported. Therefore, this study investigated whether or not
Mycobacteroides abscessus subspecies massiliense (M. abscessus
subsp. massiliense) is more likely to induce co—infection under
HCMYV latent infection.

M. abscessus subsp. massiliense, a rapidly growing Mycobacterium
(RGM), is the most drug—resistant pathogen among the
nontuberculous mycobacteria (NTM). It is uncertain whether HCMV
infection itself increases the risk of M. abscessus subsp.
massiliense infection or a predisposition to HCMV viremia is the
bacterial disease factor. As demonstrated by transcriptomic
analysis, HCMV infection suppressed the regulatory pathways of
interferon—gamma (IFN— 7 ), tumor necrosis factor—alpha (TNF—
@), and interleukin—1 (IL—1), inhibiting the immune responses to
M. abscessus subsp. massiliense co—infection in macrophages. In
addition, the HCMV infection cycle regulates the IL—10 signaling
cascade of the host cell. It was confirmed that cmvIL—10 signals
and binds to receptors in a manner similar to host IL—10.
Macrophage increased IL—10 secretion when infected with HCMV,
in IL—10 dependent manner and promoted M. abscessus subsp.
massiliense proliferation. When the cmvIL—10 produced after virus
infection was removed, the production of host IL—10 reduced, and if
the host IL—10 was neutralized, I found that the bacterial
proliferation reduced. HCMV infection increases IL—10 secretion
and provides a basis for the host immune response in the context of

pathogenic M. abscessus subsp. massiliense co—infection.

* This work is published in Frontiers in Immunology (Human

Cytomegalovirus—Induced Interleukin—10 Production Promotes the
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Proliferation of Mycobacterium massiliense in Macrophages. 2020)
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ABBREVIATIONS

AA: amino acid

ATCC: American Type Culture Collection
CD: Cluster of differentiation molecule
CFU: colony—forming unit

CIP: Collection of Institute Pasteur

CLEC: c—type lectin

CMV: cytomegalovirus

CPE: cytopathic effect

Ct: cycle threshold

DC: Dendritic cell

DNA: deoxyribonucleic acid

DAPI: 4,6 —diamidno—2—phenylindole
DMEM: Dulbecco’s Modified Eagle Medium
EGFP: Enhanced Green Fluorescent Protein
ELISA: enzyme—linked immunosorbent assay

FACS: fluorescence —activated cell sorter



FBS: fetal bovine serum

FITC: fluorescein isothiocyanate

GEOQO: gene expression omnibus

GFP: green fluorescence protein

GO: gene ontology

GPL: glycopeptidolipid

GSEA: gene set enrichment analysis

HCMV: human cytomegalovirus

HCT: hematopoietic stem cell transplantation

HIV: human immunodeficiency virus

HLA: human leukocyte antigen

hsp65: heat shock protein 65

IE: immediate—early (phase of cytomegaloviral gene expression)

IFN: interferon

Ig: immunoglobulin

IL: interleukin

kb: kilobase

NF— £ B! nuclear factor kappa—light—chain—enhancer of activated B
[
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cells

NLRP: nucleotide—binding oligomerization domain, leucine rich

repeat and pyrin domain containing

NTM: nontuberculous mycobacteria

MAB: Mycobacteroides abscessus

MEM: minimum essential media

MFI: mean fluorescence intensity

M.O.I: multiplicity of infection

ORF: open reading frame

PBMC: peripheral blood mononuclear cell

PBS: phosphate buffered saline

PCR: polymerase chain reaction

PFU: plaque forming unit

PI(3)K: phosphatidylinositol 3,4,5 triphosphate kinase

gPCR: quantitative polymerase chain reaction

RNA: ribonucleic acid

RPMI: Roswell Park Memorial Institute

RT—-PCR: reverse transcriptase polymerase chain reaction
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TGEF: tumor growth factor

Th: threshold

TLR: toll—like receptor

TNEF: tumor necrosis factor

UL: unique long domain

US: unique short domain



INTRODUCTION

1. Characteristics of human cytomegalovirus

Human cytomegalovirus (HCMV), which is a member of the
Cytomagalovirus genus of the & —herpesvirinae subfamily of the
Herpesviridae,[1] infects people of all ages, more than 60—80% of
the world's population.[2] HCMV was first isolated in the 1956.[3]
The economic burden of CMV—congenital infections reaches $1.9
billion annually in the USA with about $360 million invested in
vaccine development. [4]

HCMYV consists of a lipid icosahedron envelope, has a diameter of
150—200 nm, a length of approximately 235 kb, the dielectric is
linear, and 1s unsegmented. HCMV is a genetically diverse virus
with approximately 200 open reading frames (ORFs) producing
effector proteins.[5] DNA replication follows the bidirectional
replication model of double—helix DNA. HCMV has many genes
related to proteins necessary for replication, evasion of immune
mechanisms, induction and regulation of inflammatory responses,
and regulation of the cell cycle.

The nucleic acid of HCMV is located in the center, enclosed by a
capsid, matrix protein and envelope, which is a protein layer and
cell membranes derivatives.[3] Virus replication takes place in the
nucleus and has a lysogenic cycle. Virus—infected cells are
destroyed to form plaques, and in some cases, they induce the
cytopathic effect (CPE) without lysing the cells. After infecting the
cells, virus replication takes place within 12 h and CPE persists for
approximately 7—14 days.[6]

Invasion of a host cell consists of the viral glycoprotein binding to
a receptor on the membrane of the host cell and _causing_
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intracellular translocation. Humans and monkeys are the hosts, and
transmission is through contact and body fluids, such as urine,
saliva, blood semen and breast milk.

The virus is transmitted by vertical transmission after maternal
primary cytomegalovirus infection and at a young age.[7] In the
case of primary infection, symptoms are usually mild and induce a
latent infection. If the virus is present in the human body in the
form of a latent infection,[8] the effect of the antiviral immune
response may not be significant; as a result, a persistent infection
could be maintained. Infection with HCMV could cause infectious
fatigue syndrome, fever, sore throat, mononucleosis—like symptoms,
pneumonia and dysfunction of several organs including the pharynx,
esophagus, respiratory system, eyes and liver.[9; 10]

In many species, most CMV infections are asymptomatic (no
signs) but immunosuppressed patients, and immunocompromised
individuals such as people with AIDS may be symptomatic. The
association of the immune response and the virus with disease
progression in people who are continuously infected with CMV is
still poorly understood.

Various cells act as reservoirs for CMV, which include myeloid
cells, monocytes, fibroblasts, smooth muscle cells, epithelial and
endothelial cells.[11] Macrophages and endothelial cells have an

important role in the host cells in a latent infection.[12; 13]

2. Characteristics of Mycobacteroides abscessus subspecies
massiliense

Mycobacteroides abscessus (MAB) [14] was first isolated in the
1950s,[15] and has steadily increased over the past 20 years. The

MAB complex is a rapidly growing Mycobacterium (RGM) that leads
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to nosocomial infection. Colony formation is after 7 days of culture
in an agar medium, M. abscessus, following Mycobacterium avium,
is the dominant agent of NTM causing lung disease.[16; 17; 18]
The MAB complex is classified into two subspecies: M. abscessus
subsp. abscessus, the former species M. abscessus and M.
abscessus subsp. bolletii. M. abscessus subsp. bolletii was
suggested to combine the two species, M. massiliense and M.
bolletii.[19; 20; 211 M. abscessus subsp. massiliense can be
classified into two types (I and II) using the Asp65 sequence
analysis.

MAB 1s divided into two types: non—cord—forming smooth colony
(MAB—-S) and cord—forming rough colony (MAB—R), in which the
glycopeptidolipid (GPL) [22; 23; 24] on the cell wall components is
caused by the loss or mutation of the GPL biosynthesis—related
gene. The GPL discerns 31 serotypes among MAB, and relates to
immunopathological responses during infection.[25]

The MAB-S type has an effect on survival through GPL—related
biofilm formation and inhibits bacterial—induced cell death.[26; 27]
GPL —related biofilm is important to resist physicochemical stress,
antimicrobials and immune defense mechanisms, establishing their
persistence.[28] The MAB—R type is noted to be more virulent and
associate with acute respiratory disease. The MAB-—R induces
stronger immune responses than the MAB-S, and the MAB—-R
survives more effectively in macrophages and dendritic cells.[29]

MAB complex is not only highly virulent with diverse
susceptibility patterns to many antibiotics but it is also the most
difficult to treat.[30] The phenotypes are very similar, but the
heterogeneity between the strains is very large, and the difference

in the base sequence of the antibiotics resistance —related gene is
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clear. MAB lung disease is also resistant to many antibiotics, lacks
effective oral antibiotics and is difficult to treat;[31; 32] despite the
long—term antibiotic treatment, including months of injection
treatment, the treatment outcomes are poor.[33; 34] MAB complex
can cause lung disease, lymphadenitis, skin and soft tissue
osteoarthritis and disseminated disease, of which lung disease
accounts for more than 90% of cases.[31] Transmission of MAB
complex begins when bacteria that are primarily present in the
surrounding environment infect the respiratory tract through the
air,[35; 36] similar to TB. Symptoms are nonspecific and varied,
and most of the patients suffer from a recurrent or chronic cough
due to respiratory symptoms.[31; 37] The distribution of bacteria
that cause NTM diseases varies from region and differs in
countries.[38]

MAB lung disease shows two characteristic forms, cystic fibrosis
and nodular bronchiectasis,[39; 40] and the effective drug and
therapeutic response differ depending on the subspecies.[41] Thus,
it is important to confirm the exact subspecies before treatment.

In particular, M. abscessus subsp. massiliense shows a good
therapeutic response to macrolide antibiotics, whereas most MAB
shows an induced resistance to macrolides, thus the two can be
differentiated.[38; 42; 43] The overall treatment period is to
ensure that a negative conversion state is maintained for at least 12
months after successfully reaching negative conversion. However,
to date, the overall outcome for the treatment of NTM lung disease
has been unsatisfactory, especially for MAB lung disease.[44] NTM
including MAB complex is often untreated and sometimes referred
to as an "incurable nightmare". Long—term treatment of NTM brings

a high burden and serious side effects to patients and causes a
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financial burden to society. In a 2010 report, a total of $855 million
was spent in relation to NTM in the United States.[45; 46]
According to the WHO data, on the global tuberculosis eradication
project, although the death rate from tuberculosis is gradually
decreasing,[47] the NTM infection number of patients has
increased recently, the mortality rate due to NTM is
increasing.[48] More than 200 species of Mycobacterium have been

isolated to date, and NTM are composed of the remaining

Mycobacterium except for the tuberculosis—causing Mycobacterium.

The incidence and prevalence of NTM lung disease tend to
increase worldwide, and the frequency, incidence, and prevalence of
MAB complex isolation from clinical specimens are increasing
rapidly in Korea as well.[49; 50; 51] In particular, Korea, unlike
other countries, has a very high incidence of lung diseases caused
by MAB complex[52; 53] and skin diseases are expected to

increase.

3. HCMV infection and immune modulation

HCMYV activity or a latent infection regulates the cell cycle and
cytokines, which affects the innate immune system of the host, and
enables severe infection spreading within the human body. HCMV
encoded immune evasive proteins alter the immune signaling and
activation of the host.[54] The protein product of the HCMV US11,
USZ2 and US3 downregulate the expression of the major
histocompatibility complex (MHC) class I and II molecules on cells,
such as dendritic cell, macrophage, B cell and antigen—presenting
cells, which blocks the presentation of HCMV —mediated peptides
bound to MHC molecules.[55] Therefore, it regulates the
recognition of T cells, reducing the role of T cells.

3 "
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The HCMV UL16 and UL142 proteins block the ligand expression

of activated NK cells on the surface of infected cells,[56; 57]
whereas the HCMV UL83 protein can bind directly to NKp30, a
receptor of activated NK cell receptor.[58] In this way, HCMV
inhibits the activation of NK cells. Furthermore, the HCMV US18
and US20 proteins induce the degradation of MICA (a major stress
protein) and prevent NK cells from recognizing signals from the
infected cell.[57]

Virus—infected cells can prevent the spread of the virus through
apoptosis. HCMV —infected cells inhibit programmed cell death to
promote a favorable environment for viral replication. HCMV UL36
and UL37 proteins prevent apoptosis of infected cells, enhancing

virus dissemination within the human body.[59; 60]

4. Features of HCMV IL—-10

Cytomegalovirus—encoded cellular IL—10, which 1s a chemokine
receptor homolog, has a partial role in enabling HCMV effectively
infect the host and cause disease.[61] cmvIL—10 is the most
important immunomodulatory system that suppresses and regulates
excessive immune activation.[62; 63; 64] Inhibition of pro—
inflammatory cytokines by IL—10 reduces the secretion of TNF— «,
IL-14,IL—6 and type I IFN.

cmvIL—10 is encoded and expressed by the ULI/I1I1A gene, and
HCMV infects monocytes to produce the gene. The ULI11A is
transcribed with a 175—amino acid cmvIL—10 protein during lytic
infection.[65; 66; 67] When cmvIL—10 binds to the receptor, a
cascade of intracellular signal transduction occurs. It was confirmed
that cmvIL—10 signals and binds to receptors in a manner similar to

host IL—10.[65]
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Phosphatidylinositol 3—kinase (PI3K) / signal transducer and
activator of transcription 3 (STAT3), are known to be regulated by
IL—10.[56; 68] It translocates into the nucleus and activates
various promoters.[69] Inhibition of pro—inflammatory mediators
by cmvIL—10 was also demonstrated in other immune cells.
Examples include the suppressed synthesis of type I interferon by
plasmacytoid dendritic cells and the inhibition of the pro—
inflammatory CXC chemokine ligand 10 (CXCL10) by microglia
macrophages.[70] In addition, cmvIL—10 appears to stimulate the

proliferation and differentiation of B lymphocytes and macrophages.

5. Objectives: HCMV co—infection with M. abscessus subsp.
massiliense

According to recent reports, allogenic hematopoietic stem cell
transplantation (HCT) or solid organ transplantation frequently
causes MAB subspecies infection and very often lung disease,
especially in Korea.[71; 72] It is uncertain whether CMV infection
itself increases the risk of MAB subspecies infection or a
predisposition to CMV viremia is bacterial disease factor.[72]

In this study, I investigated how the defense mechanism of the
host cell is induced when M. abscessus subsp. massiliense
simultaneously co—infects in a body with latent HCMV infection.
Therefore, there is a phenomenon that macrophages, which are host
defense cells, have to defend against them, but cannot suppress
them well, so, the study tried to explain the mechanism that has not
been revealed yet.

Macrophages infected with HCMV are considered as a co—infection
situation, therefore, the immune system secretes the most potent
anti—inflammatory cytokines.[73; 74] M. abscessus subsp.
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massiliense 1s an intracellular bacterium and proliferates
predominantly within macrophages.[75] Recent reports have
confirmed that these tuberculosis and HCMV infections are
mechanically significant;[76; 77] they have described the
convergent epidemiology. However, studies on the etiology of
HCMV and NTM interaction are to be in the absence of evidence.
Therefore, I sought to determine the effects of proliferation and
how HCMV —mediated immune regulation is achieved in the case of
M. abscessus subsp. massiliense and co—infection, which is one of

the MAB species, due to HCMV infection.
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MATERIALS AND METHODS

1. Cell and Viruses

HEL299 (ATCC CCL-137) cells were cultured in Dulbecco's
minimal essential medium (DMEM) with 10% fetal bovine serum
(FBS) and 10% penicillin/ streptomycin. HEL299 cells were
infected with the HCMV Towne (ATCC VR—-977) and UL32-
EGFP-HCMV—-TB40E (ATCC VR—-1578) strains, (Approved IBC
No. R120523—1-1) and after culturing for 7—10 days, the medium
was collected.[78; 79]

Viruses collected from the same batch were used for all
experiments. Virus copy number was determined using quantitative
polymerase chain reaction (qPCR). M. abscessus subsp. massiliense
CIP (Collection of Institute Pasteur, Paris, France) 108297 strain
was obtained from CIP (Approved IBC No. R170901-1). M.
abscessus subsp. massiliense was grown in Middlebrook 7H9 broth
(BD Biosciences) supplemented with 0.2% glycerol (Sigma—
Aldrich), 10% oleic acid—albumin—dextrose—catalase (OADC;
Fisher Scientific), and 0.05% Tween 80 (Sigma—Aldrich). Cultures
were incubated at 37 C with constant shaking (150 rpm) overnight.
M. abscessus subsp. massiliense concentration was determined by
measuring the optical density of 0.5-0.7 at 600 nm (OD600).
Culturing for 2 days, mycobacteria were collected using
centrifugation and homogenization. Frozen bacteria were stored at
—-80T.

The human acute monocytic leukemia THP—1 (ATCC TIB—202)
cells were cultured in RPMI 1640 media with 10% FBS(Gibco), 2
mM L—glutamine, 100 U/ml Penicillin, 100 g g/ml Streptomycin at

37C with 5% CO,. THP—1 cells were differentiated using PMA 50
3 4
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ng/ml, and after 24 h, they were exchanged for media without 1%
PS to differentiate, and 2 days later, HCMV Towne and TB40 strain
were infected with MOI of 10. 3 h after incubation, culture media
were changed. 24 h after infecting HCMV, M. abscessus subsp.
massiliense were infected with MOI of 2 and incubated for 1 h.
Infected cells were washed twice with PBS, the media was changed.
Changed in complete media without antibiotics for 1—3 days.

Human peripheral blood mononuclear cells (PBMCs) were isolated
from healthy donors (Approved IRB No. C—1306-0210494) using
Ficoll-Hypaque Plus (GE Healthcare) gradient centrifugation.
[solated PBMCs were seeded and infected with HCMV at a MOI of

10 for 24 h, and the media was changed to establish HCMYV infection.

M. abscessus subsp. massiliense was infected at (MOI = 2) 24 h
post—HCMYV infection.

For colony—forming units (CFUs) assay, the infected cells were
washed and detached with PBS containing 0.1% Triton X—100
(Sigma—Aldrich) and plated on LB agar.

2. Quantitative Genomic PCR

For amplification of HCMV US17, a control plasmid was prepared
using pBHA vector contained a primer sequence and a probe
sequence. Plasmid was obtained commercially (Bioneer), and the
forward primer, reverse primer, and probe are configured as shown
in Table 1. The evaluation test for the linear detection potential of
the reference target was independently performed three times with
a 10—fold serially diluted plasmid. qPCR was performed under
universal conditions: 50C for 2 min, 95C for 10 min then 40
cycles of 95T for 15 sec, 55C for 15 sec, and 55C for 1 min by

using QuantStudio 5 (Applied Biosystems).



PCR proceeded up to 40 cycles, and the degree of fluorescence
was measured according to the number of cycles, and a threshold
line (Th) was selected for the region where the fluorescence signal
was exponentially amplified. The calculation of the standard curve
was performed by regression analysis of the number of copies of
the critical period value (Ct) and the value line intersection of the

amplification curve.

3. Virus Titration

Representative virus vials were thawed and titers were measured
using a conventional plagque assay or immune-—staining assay.
HEL299 cells were seeded into 24—well plate and incubated
overnight in DMEM with 10% FBS at 37C with 5% CO,. A total of
200 pl of diluted virus mixture were added to each well containing a
monolayer of HEL299 cells. The virus mixture was removed after 2
h of incubation, washed two times with PBS. The cells were
overlaid with opti—-MEM containing 2% FBS and 1.5% of methyl
cellulose (Sigma—Aldrich, USA) and incubated at 37C in 5% CO,
for one day. The cells were fixed with methanol (Merk, USA) for
20 minutes at room temperature. Primary antibody (anti IE—1, a gift
from E—S Huang) [80] was added to each well. The cells were
incubated for 1 h. The cells were then incubated for 1 h with
secondary antibody (anti—mouse IgG HRP, Thermo Fisher) at room
temperature. The plate was washed and stained with Trueblue

peroxidase substrate (KPL, USA).

4. Recombinant Proteins and Neutralizing Antibodies
Recombinant cmvIL—10 was purchased from R&D systems.
Purified viral HCMV IL—10 antibody (cIL—10 antibody, polyclonal
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goat IgG, R&D Systems) and human IL—10 antibody (IL—-10
antibody, clone 23738, R&D Systems) were used at 10 pg/mL to
neutralize c¢cmvIL—10 and human IL—10 protein. Human IL—10
receptor alpha neutralizing monoclonal antibody (IL—10R NAb,
clone 37607, R&D Systems) was used at 10 pg/mL. Corresponding
isotype controls for neutralization experiments were obtained from

R&D Systems.

5. Immunofluorescence Assay

Cells infected with HCMV were maintained in complete RPMI 1640
containing 2% heat—inactivated FBS and incubated for 1~7 days at
37TC. Virus—infected cells were washed twice with PBS, fixed in
4% paraformaldehyde (PFA) for 15 min and treated with 0.1%
Triton X—100 for 5 min. Cells were then washed with PBST and
reacted with the primary antibody (anti—IE1), followed by a Alexa
594 —conjugated anti—mouse IgG antibody (Thermo Fisher), at
room temperature. Fluorescent signals were observed using a Leica

TCS SP8 Confocal Microscope (Leica Microsystems).

6. Flow Cytometry

The HCMV TB40E—-infected THP—-1 cells and PBMCs were
collected and fixed with 4% paraformaldehyde for 20 minutes. The
cells were washed 3 times with FACS buffer (PBS with 0.1% fetal
bovine serum). The antibody used anti—human CD45 (HI30), CD3
(HIT3a), CD19 (HIB19), CD11b (ICRF44) and CD14 (MfP9) all
purchased from BD Biosciences. Data were acquired on BD LSR
Fortessa X—20 and analyzed using Flow Jo software, version (Tree

Star, Ashland, OR).
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7. Gene Expression Analysis and RNA Sequencing

Total RNA was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer’ s protocols. Messenger RNA was
reverse transcribed into cDNA using a reverse transcription kit
(Enzynomics). Quantification of UL711A and /L —10 was performed
in ABI PRISM 7900 (Applied Biosystems) using TagMan PCR
PreMix or SYBR Green PCR PreMix (Enzynomics). The primer
sequences used were as follows: ULI11A forward: 5° —TGT TGA
GGC GGT ATC TGG AGA-3" ; ULI11A reverse: 5° —CCG TCT
TGA GTC CGG GAT AG—-3" ; ULI11A probe: 5 —CCG GTT TCC
CGC AGG CGA CC-3" ; IL10 forward: 5° —GCC TAA CAT GCT
TCG AGA TC-3" ; IL10 reverse: 5° —TGA TGT CTG GGT CTT
GGT TC-3"; B—actin forward: 5° —GTT GCT ATC CAG GCT
GTG-3"; B—actin reverse: 5 — TGA TCT TGA TCT TCA TTG
TG—-37 . After extraction of total RNA, for RNA sequencing
analysis, the library preparation was performed using the NGS
service provided by Ebiogen Inc. (Seoul, South Korea). 500ng of
total RNA was prepared, and oligo—dT primer containing an
[lumina—compatible sequence at the 5° end was reacted with RNA
to proceed with reverse transcription. Once the RNA template was
degradated, the synthesis of the second strand was performed using
random primers containing compatible linker sequences. To remove
all reaction components, the double—stranded library was purified
using magnetic beads. The library required for cluster generation
was amplified to add the entire adapter sequence. The completed
library was purified from the PCR product. High—throughput
sequencing was proceeded as single—end 75 sequencing using
NextSeq 500 (Illumina). After alignment with Bowtie2, QuantSeq3’
mRNA—Seq reading was performed.[81] Bowtie2 indices were
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generated to align genome assembly sequences or genomes and
transcripts in representative transcript sequences.

Transcripts were assembled through alignment files, their
abundance was estimated, and differential expression of genes was
detected. Differentially expressed genes were determined based on
counts from unique and multiple alignments using coverage in
Bedtools.[81].

The RC (Read Count) data were processed based on the quantile
normalization method using EdgeR in R based on Bioconductor. [82]
Gene classification was performed by the search method proceeded
by DAVIDI1, and genes that were altered at least 4 fold (p<0.01)
were analyzed for enrichment of gene ontology (GO) biological
processes. MeV software was used for hierarchical clustering and
GO analysis. Euclidean distance and average linkage clustering were
applied to obtain hierarchical clustering. Enriched terms that passed
FDR < 20% were selected.

For the Gene Set Enrichment Analysis (GSEA) for gene
expression data, Molecular Signatures Database (V7.0) was used
established on computing overlaps with GO gene sets (CbhH),
obtained from the Broad Institute. All sequencing data can be
searched at the Gene Expression Omnibus (GEO) database (GEO
accession number: GSE141236).

8. ELISA

Infected cell culture supernatants were assessed for human IL—10
secretion using ELISA Duoset system (R&D Systems) according to
the manufacturer’ s instruction. Culture supernatants collected by

centrifugation at 587 g for 5 min to remove particulates, and stored

at =80T until ELISA was performed.
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9. Statistical Analysis

All data are presented as mean values T standard error of
measurement (SEM) of three independent determinations. The
Student’s t—test and one—way ANOVA test were performed to
determine statistically significant differences between groups using
the GraphPad Prism 6 (GraphPad Software). Bonferroni’s or
Tukey’s multiple comparisons test between all possible
combinations were performed as post—tests for one—way ANOVA,
respectively. A value of p<0.05 was deemed to be statistically

significant, represented by * p<0.05; ** p<0.01, and *** p<0.001.
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RESULTS

Confirmation of HCMV infection in THP—1 differentiated

macrophage

Three days after treating THP—1 differentiated macrophages with
PMA, HCMV Towne was infected with an MOI of 4, and the CPE of
the cells was observed. The state of the cells 24 and 72 h after
infection was observed using a microscope (Figure 1A), and the
expression of viral genes in the culture medium were confirmed
using gqPCR. I found that the IE—1 gene increased after 24—72 h
had passed. The position of the IE—1 protein levels in cells was
confirmed wusing a fluorescence microscope (Figure 1B).
Collectively, these results demonstrated that 1t was mainly
expressed in the cytoplasm 4 h after infection, and was located in

the whole cell 24 h later.
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Proliferation of HCMV TB40E in THP-1 differentiated

macrophages and PBMCs

Cells were infected with representative two strains, fibroblast
tropic strain Towne and epithelial/endothelial tropic strain TB40E;
TB40E with the green fluorescent protein (GFP). Three days after
treating THP-—1 differentiated macrophages with PMA, HCMV
TB40E was infected with MOI of 10, and then GFP was observed
under a fluorescence microscope. From the result, GFP formed dots
in the nucleus 3 h after the infection, and 24 h later, it was
expressed in the whole nucleus as shown in Figure 2. Viral copy
number using qPCR showed that HCMV was effectively replicated in
THP—1 differentiated macrophages. Analysis via GFP using flow
cytometry in THP—1 differentiated macrophage (Figure 2D) and
human PBMCs monocytes (Figure 3A, B). Isolated PBMCs from
healthy blood donor and infected with HCMV TB40E; expression of
GFP analyzed every 72 h. Cell subsets can be distinguished by flow
cytometry based on the expression of the cell surface markers.
HCMV —infected monocytes were significantly different at 24 h with
the following MFI. Collectively, these results show that the number
of virus was increased in HCMV TB40E infected THP-1

differentiated macrophages and PBMCs.
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HCMYV promotes M. abscessus subsp. massiliense proliferation

The study investigated the effect of the proliferation of M.
abscessus subsp. massiliense on HCMV  TB40E-—infected
macrophages (MOI = 10). After infecting M. abscessus subsp.
massiliense with MOI of 2, the same results as the HCMV Towne
strain—infected macrophages were confirmed 3 h later. However,
after 24 h, HCMV infected macrophages increased the number of
intracellular bacteria, and after 72 h, fluorescence microscopy was
used to confirm that the number of fluorescent particles in the cells
increased. In addition, when the colony—forming units of M
abscessus subsp. massiliense were confirmed from the cell lysates,
the number of bacteria increased (Figure 4A, B, D). The single
infection and co—infection groups were analyzed via GFP using flow

cytometry (Figure 4C).
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Analysis of transcriptome profiles of HCMV —infected cells, M.
abscessus subsp. massiliense—infected cells, HCMV/ M.

abscessus subsp. massiliense —infected cells and control

Next, I analyzed the profiles of HCMV infected cells (MOI = 10),

M. abscessus subsp. massiliense infected cells (MOI = 2), and
HCMV/ M. abscessus subsp. massiliense—infected cells (Figure 5A).
First, the HCMV —infected diet showed 880 differentiating genes
(DEGs, 500; upregulated, 380; downregulated) compared to control
macrophages (Table 2). Hierarchical clustering analysis showed a
high similarity between HCMV— and HCMV/ M. abscessus subsp.
massiliense—infected cells compared to M. abscessus subsp.
massiliense—infected cells (Figure 5A). Based on these DEGs, I
obtained hierarchical congestion between the four groups and found
that M. abscessus subsp. massiliense co—infection did not totally
alter transcription of HCMV —infected macrophages (Figure 5B).
HCMV replication from macrophages results in a low immune
responsiveness following M. abscessus subsp. massiliense infection,
which is clearly demonstrated by GO analysis. According to the
results obtained from DAVID software, M. abscessus subsp.
massiliense single—infected macrophages contained an enriched GO
pathway that included the cellular response to lipopolysaccharide
(LPS) and TNF/ IL—1 compared to the enriched GO pathway in the
co—infected group (Figure 5C). Gene Set Enrichment Analysis
(GSEA) showed similar results in enriched GO pathways in which M.
abscessus subsp. massiliense single—infected macrophages
contained a positive regulation of immune response compared to
co—infected groups.

To support these results, the innate, adaptive and antigenic GO
- o 3
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pathways were enriched with downregulated DEGs of HCMV -
infected macrophages compared to control macrophages.
Representative innate immune response genes such as TLRs,
NLRP3, CLECs, HLAs and CDs are strongly regulated and anti—
inflammatory when infected with HCMV (Figure 5D).
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Confirmation of ULI11A gene expression in HCMV—infected

THP—1 differentiated macrophages

To confirm that HCMV promotes M. abscessus subsp. massiliense
proliferation in the macrophages using IL—10 signaling, qPCR was
used to test the predecessor of the UL7711A gene encoding cmvIL—
10 in HCMV —infected macrophages. Three days after treating
THP—1 differentiated macrophages with PMA, HCMV TB40E was
infected with MOI of 10, at 24 h prior to M. abscessus subsp.
massiliense infection (MOI = 2). As expected, ULIIIA

transcription was induced 12 h after HCMV infection (Figure 6).
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HCMYV infection regulates host IL—10 synthesis

Three days after treating THP—1 differentiated macrophages with

PMA, HCMV TB40E was infected with MOI of 10, at 24 h prior to M.

abscessus subsp. massiliense infection (MOI = 2). The expression
of host IL—10 gene induced by HCMV infection in THP-1
macrophage and PBMCs was confirmed using qPCR and by
measuring host IL—10 protein in the THP—-1 macrophages and
PBMCs culture medium using ELISA (Figure 7). In accordance with
this, HCMV infection significantly induced host IL—10 synthesis in

all the hosts of the two groups.
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Viral IL—10 of HCMV induces host IL—10 synthesis in THP—1
macrophages and PBMCs

It has been confirmed that host and human IL—10 were
synthesized by treating recombinant cmvIL—10 (Figure 8) or by
culture supernatant of macrophages infected with HCMV (Figure 9).
The expression of the IL—10 gene was confirmed using qPCR and
by measuring IL—10 protein from the THP—1 macrophage and
PBMCs culture medium using ELISA. PBMCs were treated with 200
ng/mL of cmvIL—10 for 6 h and 48 h, after harvesting. Collectively,
these findings demonstrate that the gene expression and protein
levels increased.

Host IL—10 is present when a neutralizing antibody of cmvIL—10
(cIL—10 NAD) is present at the time of HCMV infection. I found
that the synthesis of host IL—10 reduced significantly (Figure 10).
These results show that cmvIL—10 was secreted by HCMV-—
infected macrophages.

In particular, the expression level of host IL—10 did not change
even when HCMV —infected macrophages and M. abscessus subsp.
massiliense were co—infected. The expression levels of IL—10
synthesized by HCMV —infected macrophages co—infected with A/
abscessus subsp. massiliense was observed and the differences in
single infection were clearly differentiated from the uninfected
macrophages (Figure 10). These data indicate that the
immunoregulation of HCMV infection was dominantly achieved,

except when other pathogens effectively infected.
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HCMV promotes the M. abscessus subsp. massiliense
proliferation of through the expression of cmvIL—10 and

induction of host IL—10

To evaluate the effect of IL—10 on the proliferation of M.
abscessus subsp. massiliense, an IL—10 receptor—neutralizing
antibody (IL—10R NAb) was added to the culture of M. abscessus
subsp. massiliense—infected macrophages. To neutralize the effects
of endogenous human IL—10. The result confirmed that the level of
growth of the bacteria was regulated by IL—10R Ab in a dose—
dependent manner from HCMV-—infected THP—-1 macrophages
(Figure 11) and PBMCs. Neutralization of IL—10R did not affect M.
abscessus subsp. massiliense growth without HCMV infection under
other conditions. Treatment with neutralizing antibodies against
cmvIL—10 (cIL—10 NAb) or human IL—10 (IL—10 NAb) reduced
bacterial growth from HCMV —infected THP—1 macrophages and
PBMCs (Figure 12). HCMV further supports the concept of
promoting IL—10 production in the host through the expression of
cmvIL—10 and inhibiting the antibacterial activity of the host.
Overall, these results indicate that HCMV regulates the immune
response of macrophages to induce host IL—10 production and then

co—exist with co—infecting M. abscessus subsp. massiliense.
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Figure 1. CPE formation and the expression of viral protein in THP—
1 differentiated macrophages were confirmed using microscope.

(A) THP—1 macrophages were infected with HCMV Towne at a
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MOI of 4 for 3 days, CPE was confirmed at 3 days after infection
using microscope. (B) Three days after PMA treatment, HCMV was
infected, IE—1 protein was stained with fluorescein isothiocyanate
(FITC), nuclei were stained with DAPI, and observed with a

fluorescence microscope.
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Table 1. Primer set designed for HCMV US17 detection. [83]

Name Sequence (5'—> 3")

Forward GCG TGC TTT TTA GCC TCT GCA
Reverse AAA AGT TTG TGC CCC AAC GGT A
Probe FAM-TGA TCG GCG TTA TCG CGT TCT TGA TC-TAMRA
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Figure 2. HCMV TB40OE replicates in THP—-1 differentiated
macrophages.

(A) Immunofluorescence staining for the HCMV IE expression.
THP—1 macrophages were infected with HCMV TB40E at a MOI of
10 for the indicated time periods. hpi, hours post infection. Scale
bar = 10 gzm. (B)—(D) Offset histogram for the GFP expression
intensities of HCMV—-TB40E—GFP infected cells obtained using
flow cytometry. Quantitative graph is shown on the right side. MFI,
mean fluorescence intensity. Cells infected by HCMV —TB40E —GFP
obtained every 24 h. Quantitative graph is shown on the right side D.
Fluorescence—activated cell sorting (FACS) graph plotting cell
granularity (forward scatter [FSC]) versus GFP fluorescence
intensity. Uninfected cells determined GFP background. The square
marks the population considered positive. (C) HCMV USI7 copy
numbers determined by gPCR. 24h post CMV infection, 1h post M.
abscessus subsp. massiliense infection. All data are representative
of three independent experiments. One—way ANOVA was

performed. *, p<0.05, *** p<0.001.
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Figure 3. HCMV replicates in monocytes of human peripheral blood
mononuclear cells (PBMCs).

(A) Representative contour plots for the gating strategy. PBMCs
1solated from healthy volunteers were infected with HCMV TB40E
strain at a MOI of 10, obtained every 24h. Staining for the
expression of CD45, a common leukocyte biomarker,
CD45+CD14+CD11b+ monocytes, CD45+CD3—-CD19+ B cells and
CD45+CD3+CD19— T cells were further analyzed for the
expression of GFP at 72 h post infection. N=3 of individual cases.
(B) Quantitative graph indicating the MFI of GFP expression cells
assessed by flow cytometry. All data are representative of three

independent experiments. P values were determined by one—way

ANOVA. *, p<0.05, *** p<0.001.
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Figure 4. HCMV promotes M. abscessus subsp. massiliense
proliferation in THP—1 differentiated macrophages.

(A) CFSE-labeled M. abscessus subsp. massiliense (M. mass, MOI
= 2) was used to infect the control and HCMV TB40E—infected
(MOI = 10) THP—-1 cells; the cells were examined at 24 h post M.
abscessus subsp. massiliense infection under a fluorescence
microscope. Representative images are shown. Number of bacteria
per cell is quantitated in the left graph. Scale bar = 5 gm. (B)
Quantification of the CFUs of M. abscessus subsp. massiliense at
the indicated time points. (C) As a result of FACS analysis, plots of
single infection, and co—infection cells were analyzed. (D)
Measurement of CFU of M. abscessus subsp. massiliense infected
cells, at 24 h prior HCMV two strains infected. All data are
representative of three independent experiments. One—way

ANOVA was performed. *, p<0.05, **, p<0.01, *** p<0.001.
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Figure 5. HCMV infection blocks pro—inflammatory and anti—
bacterial immune responses in macrophages.

Schematic figure for each experimental groups for RNA sequencing;
Control, M. abscessus subsp. massiliense—infected (M. mass, MOI
= 2, 24 h), HCMV—infected (MOI = 10, 48 h), and HCMV/ M.
abscessus subsp. massiliense co—infected. Triplicates per group
from a single experiment were used. (A) Cellular gene expression
clustering analysis, control, M. abscessus subsp. massiliense—
infected, HCMV-—infected, and HCMV/ M. abscessus subsp.
massiliense co—infected. Red in the heatmap denotes upregulation
while blue denotes downregulation. (B) Biological processes
enriched in the gene ontology analysis of M. abscessus subsp.
massiliense—infected versus HCMV/ M. abscessus subsp.
massiliense—infected (Upper) and control versus HCMV —infected
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macrophages (Bottom) are shown as GO plots. (C) Heatmaps
showing differentially expressed genes associated with pattern
recognition, inflammatory cytokine, antigen presentation, and T cell
activation in the control and HCMV —infected cells. Warm color
(red) represents an increase of gene expression while cold color

(blue) determines a decrease compared to average level.
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Table 2. Comparison of gene expression among the control, M.

abscessus subsp. massiliense —infected (M. mass), HCMV —infected,

and HCMV/ M. abscessus subsp. massiliense co—infected.

Top 35 scoring genes per category were ranked by p value.

Up regulated genes in
HCMV compared to

Down regulated genes
in HCMV compared to

Up regulated genes in
M.mass compared to

Down regulated genes in
M.mass compared to

Control Control HCMV/M.mass HCMV/M.mass
IFI27 VASP IL12B PELI3
CCR7 PIGZ IL23A SECTM1
ANKRD1 RPS4X IGFBP5 FOXC1
IDO1 AKNA RAB27B HDAC11
OTOF CPE TRPM1 SV2A
PTGES ZNF296 DLL4 SEMA3G
RSAD2 DUSP22 C1QA RHBDF1
AlM?2 LOC101927021 CACNA2D3 SCHIP1
CA12 GTF2H2C FGF10-AS1 EPB41L5
CXCL11 RNF19A PTAFR PTPN3
CCL1 CHP1 RARRES1 MMP13
CCL8 ANOG6 Cc1QC LOC283335
CXCL13 LOC100131564 ANO3 NUPR1
C1R RIMBP3C TTYH2 ABCG1
RRAD SASH3 IL1B ECE2
C1S GLUD1 CASQ1 MAP2
SSTR2 FNBP1 ILTA ZNF593
APOBEC3A SLC22A15 LOC440896 ATP6VOE2
GFPT2 RPL34 ST100A12 EPHB2
TNFAIP6 AGTPBP1 MMP1 URAHP
MAFA RUNX1 TNFRSF18 FAM174B
SNAR-B1 POC5 LYz SIT1
C1QTNF1 GCNT2 PKP1 NES
SNAR-G1 CAPZB EBI3 DLG2
COL22A1 FAM109A ANO9 MYOT
CXCL8 MOSPD3 CCL20 PRSS16
CCND2 ADD3 C150rf48 FOSB
IFI44L CXorf23 FCGR2C GPRC5C
SNAR-B2 NAGA FCGBP SLFN13
IFIT3 FGD3 GO0S2 TYRO3
OASL SLC16A1 HLA-DQA2 LMTK3
SNAR-C4 TMEM30A SLAMF1 UspP44
SERPING1 NFATC1 FCGR2A SEPT3
CD38 HP1BP3 AQP9 HOXA4
SLAMF7 NEGR1 DNASE1L3 B4GALT?2
B4GALNT1 SNORD104 RSPO3 KHDRBS3
IFITM1 CALM1 IGDCC4 GNA11
SCG5 ABCA7 TNFRSF4 SLC38A5
PPAP2C NCK2 CLEC4A TFR2
ARHGAP5 IGIP MGAT4C ARHGAPS5S
TJP1 D2HGDH CKB CC2D1A
DUSP5 TUBA1A CLEC4E ZDHHC23
IFIT1 NAPRT ADCY8 CREB5
SNAR-C3 PRPS2 OVCH1 IGFBPL1
MPDZ PTMA SERPINE2 FBXO16
IRG1 TPP1 CCL4L1 EGR1
IFIT2 FAM208A BCL11A SIX2
UCNZ2 GPR82 LINC00937 BEX5
HOXB7 TSPAN14 SIGLEC15 LIN7B
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Figure 6. UL111A gene expression during HCMV infection.

UL111A gene relative expression was examined at 12 h HCMV
(MOI = 10) post infection with M. abscessus subsp. massiliense (M.
mass, MOI = 2) using qPCR in THP—1 differentiated macrophages.
HCMV was infected (MOI = 10) at 24 h prior to M. abscessus
subsp. massiliense infection. Results are means + SEM (ND means

not detected).
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Figure 7. HCMV infection elicits host IL—10 synthesis both in THP—
1 macrophages and PBMCs.

(A) Host /L—10 gene expression was determined using qPCR in
THP—-1 differentiated macrophages. HCMV was infected (MOI =
10) at 24 h prior to M. abscessus subsp. massiliense infection, (M.
mass, MOI = 2) at 48 hpi was measured using qPCR. (B) Host IL—
10 in the culture supernatants of THP—-1 differentiated
macrophages was measured using ELISA. (C) Host IL—10 in the
culture supernatants of PBMCs at 48 hpi was measured using
ELISA. All data are representative of three independent
experiments. One—way ANOVA or Student’s t—test was performed.
Results are means + SEM, and *, p<0.05, #x, p<0.01, ***, p<0.001

(NS: nonsignificant).
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Figure 8. Viral IL—10 of HCMV induces host IL—10 synthesis in
THP—1 macrophages and PBMCs.

(A) Host [L—10 gene expression was determined in THP-1
differentiated macrophages. THP—1 macrophage treated with 200
ng/mL of cmvIL—10 for 6 h at 24 h prior to M. abscessus subsp.
massiliense infection, (M. mass, MOI = 2). qPCR is used for the
relative measurement of host /L —70 expression. (B) Host IL—10 in
the culture supernatants of THP—1 differentiated macrophages was
measured using ELISA. THP—1 macrophages treated with 200
ng/mL of cmvIL—10 for 48 h. (C) For the relative measurement of
host /L —10 gene expression was determined using qPCR in PBMCs.
PBMCs treated with 200 ng/mL of cmvIL—10 for 6 h. (D) Host IL—
10 in the culture supernatant of PBMCs treated with 200 ng/mL of
cmvIL—10 for 48 h was measured using ELISA. All data are
representative of three independent experiments. ANOVA or

Student’s t—test was performed. *, p<0.05, **, p<0.01, *** p<0.001.
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Figure 9. Culture supernatant of HCMV-—infected macrophages
induces human IL—10 synthesis in THP—1 macrophages.

(A) Host IL—10 gene expression at 12 hpi was determined using
gPCR in THP-1 differentiated macrophages. Culture media of
differentiated THP—1 macrophages was changed with HCMV
culture supernatant (MOI = 10, 48) at 24 h prior to M. abscessus
subsp. massiliense infection (M. mass, MOI = 2). (B) IL—10 in the
culture supernatant of THP—1 macrophages at 48 hpi was
determined by ELISA. Culture media of differentiated THP—1
macrophages was changed with HCMV culture supernatant at 24 h
prior to M. abscessus subsp. massiliense infection. All data are
representative of three independent experiments. One—way

ANOVA was performed. ***, p<0.001.
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Figure 10. Host IL—10 synthesis decreases in the HCMV —infected
THP—1 differentiated macrophages and PBMCs with cmvIL—10
neutralizing antibody.

IL—10 in the culture supernatant of THP—1 macrophages (A) and
PBMCs (B) was determined by ELISA. HCMV was infected (MOI =
10) at 24 h prior to M. abscessus subsp. massiliense infection, (M.
mass, MOI = 2) Neutralization antibodies for the cmvIL—10 (cIL—
10 NAb, 10 mg/mL) or corresponding isotype controls were added
at 3 h post HCMV infection. The results are representative of two
independent experiments and represent means +* SEM. One—way
ANOVA or Student’s t—test was performed: NS, nonsignificant; **,
p<0.01, #=xx p<0.001.
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Figure 11. Bacterial burden decreases in an IL—10R antibody in the
HCMV —infected THP—1 macrophages and PBMCs.

(A), (B) CFUs of M. abscessus subsp. massiliense (M. mass) at 48,
72 hpi. HCMV was infected (MOI = 10) at 24 h prior M. abscessus
subsp. massiliense challenge in THP—1 differentiated macrophages.
(MOI = 2) Neutralization antibodies for the IL—10 receptor
antibody (IL—10R NAb, 1 and 10 mg/mL) were added. (C) CFUs of
M. abscessus subsp. massiliense at 48 hpi in PBMCs. HCMV was
infected at 24 h prior M. abscessus subsp. massiliense challenge. A
10 mg/mL of neutralization antibodies for the IL—10 receptor
antibody (IL—10R NAb) was added. All data are representative of
three independent experiments. One—way ANOVA was performed:

NS, nonsignificant; *, p<0.05, ***, p<0.001
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Figure 12. Bacterial burden decreases
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neutralizing antibodies in the HCMV—infected THP—1 macrophages
and PBMCs.

(A) —(B)CFUs of M. abscessus subsp. massiliense (M. mass) at 48
hpi. HCMV was infected (MOI = 10) at 24 h prior M. abscessus
subsp. massiliense challenge. (MOI = 2) Neutralization antibodies
for the cmvIL—10 (cIL—-10 NAb, 10 mg/mL), human IL-10
antibodies (IL—10R NAb, 10 mg/mlL) or corresponding isotype
controls were added at 3 h post HCMV infection. (C) — (D) CFUs of
M. abscessus subsp. massiliense at 48 hpi in PBMCs. HCMV was
infected at 24 h prior M. abscessus subsp. massiliense challenge. A
cmvIL—10 (cIL—10 NAb), human IL—10 antibodies (IL—10 NAb) or
corresponding isotype controls were added at 3 h post HCMV
infection. All data are representative of three independent
experiments. One—way ANOVA was performed: NS, nonsignificant;

%, p<0.09, **, p<0.01, ***x, p<0.001.
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Figure 13. Schematic summary.

HCMYV infection expresses cmvIL—10 and regulates the host IL—10
signaling. Inhibition of pro—inflammatory cytokines by IL—10
promotes the ability to stimulate macrophage phenotypes for anti—
inflammation and to induce M. abscessus subsp. massiliense
proliferation. HCMV —infected macrophages have an increased
burden of M. abscessus subsp. massiliense through the regulation of

IL—10 in host cells.
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DISCUSSION

HCMV 1is a ubiquitous virus that directly or indirectly affects
human diseases. The initial response of the innate immunity to a
pathogen determines the outcome and direction of what caused a
systemic immune response. [84]

HCMV —infected monocytes promote transendothelial migration and
gather around the tissue to enter and flow through blood vessels.
HCMV induces the establishment of a long—lived macrophage
phenotype that can infect monocytes and cause chronic diseases. It
was also confirmed in this study that HCMV can be continuously
replicated in differentiated monocytes and macrophages (Figure 1,
2), and serves as an important site for organ production and
excretion.

Because of the wvirus, the process of differentiation from
monocytes to macrophages is highly likely to create an environment
for viral replication and long—term virus survival.[85; 86; 87; 88]
After HCMV infection, macrophages induce a M1 macrophage —like
phenotype to enable changes in adhesion, motility, and survival, and
it is thought to be possible to regulate the weakening of the antiviral
immune response through the wupregulation of MZ2-—related
genes.[87; 88] This change in the tightrope of macrophages does
not only induce polarization of HCMV, but also promotes the
alteration of the already differentiated polarization profile.[89]
HCMV weighs up the pros and cons of these cells to enable long—
term virus survival and replication.

Virus—related pathogenesis has infection—induced inflammatory
responses, including cytokine responses. Understanding the

mechanism of cmv—induced cytokines may help in the4 clinical
T L
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management of the disease. As a feedback regulator, virus—induced
cytokines activate the immune response that occurs and regulates
the adaptive immune response. Many pathogens, including viruses,
regulate cytokine expression to overcome antiviral responses.[90]
Cytokines can also promote CMV reactivation and subsequent
replication, [54] indirectly improving tissue damage.

This study was to observe the change in the host signal during
bacterial co—infection through the regulation of the Iimmune
response after viral infection. In addition to the general IFN
response, the study confirmed that HCMV enhanced the production
of IL-10 by the host macrophages. This phenomenon potentially
altered the antibacterial defense mechanism. IL—10 blocks
phagosome maturation[91] and suppresses the production of pro—
inflammatory cytokines,[92; 93] which was detected in the results
of this study and increased by HCMV infection.

The immunosuppressive function of cmvIL—10 is very important in
many pathogens, including viruses. Regulation of cmvIL—10
expression can modulate the immune response of host cells,
overcome the antiviral response, and maintain a latent infection
state.[94] In addition, viral IL—10 reduces the production of TNF—
a and IL—1 Bthrough the upregulation of HO—1.[95] However, this
situation is established when the viral IL—10 remains more
dominant. In HCV and HIV infection as an example of such
persistent infection, it was confirmed that host IL—10 was
expressed at a high level.[96; 97; 98]

The cmvIL—10 protein is similar to 27% amino acid identity with
host IL—10 but retains its ability to bind to the host IL—10
receptor.[65] c¢mvIL—10 increases the secretion of host IL—10

from monocytes, macrophages and dendritic cells, thus amplifying
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IL—-10—mediated immune suppression and creating an environment
for chronic infection.[61]

As described previously, depending on the current geographical
location and socioeconomic status, there is a high HCMV infection
rate worldwide,[99; 100] and HCMV infection has the potential to
affect infections with new problems. According to a recent report,
HCMYV infection is known to have a mechanically relevant role in the
risk of tuberculosis by facilitating its progression through potential
tuberculosis infections.[101; 102; 103]

Comparing other examples of pathogens that single infect and co—
infect as persistent or latent infections, the antigenic escape effect
of HCMV can be confirmed. Tuberculosis or HIV infection generally
creates an immune environment that increases inflammation,[104;
105] enabling the reactivation of HCMV.[106] CMV can cause
vision loss, neurological, and gastrointestinal diseases in HIV co—
infection conditions.[79; 107; 108]

Chronic or persistent HCMV —infected patients are simultaneously
infected with pulmonary tuberculosis and take long—term
treatments with anti—NTM drugs. It has been possible to indirectly
predict that clinical disease progression is promoted due to
abnormal immune responses.

In this study, used two HCMV strains, a laboratory strain Towne
and TB40OE with the GFP. For the Towne strain, one should be
careful in interpreting the results from tropism and pathogenesis
studies to be considered representative of causative factors of
clinical disease.[109] TB40E strain retains a broad range of cell
tropism including fibroblasts and endothelial cells. The two strains
grew differently depending on the cell type,[110] but did not show

any difference in THP—1 macrophage.
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There were several limitations of this study. First the number of
CMV seropositive donors was low. Validation with a larger
population is needed to analyze the socio—economic location—based
conditions between CMYV infection and tuberculosis risk. In addition,
no data were obtained from the virus ULI11A gene, which has been
deleted. Even so, the study results are important because they
provide a predictable basis.

According to a recent report by Cobelens et al, HCMV infection is
known to have an epidemiological role in the influence of
tuberculosis by promoting disease—induced progression in latent
tuberculosis infection.[77] This makes it possible to prevent the
macrophages from being activated and prevent the macrophages
from secreting reactive nitrogen species.[111] The results of study
indicate that the synthesis of host IL—10 by HCMV infection
regulates the ability to induce macrophage phenotypes for anti—
inflammation and to promote M. abscessus subsp. massiliense
smooth strain proliferation (Figure 13). This study found that
HCMV —infected macrophages have an increased burden of M.
abscessus subsp. massiliense smooth strain through the regulation

of IL—10 in host cells.
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Abstract in Korean

AFEA EA Y EFo]# A~ (HCMV) & S —herpesvirus®l &3slo] A A A
QA9 oF 60~80%7F A=A Atk 7] TR AFelle= 4o
uletA Rt FA FELAY] FEHE Aol EASHE stoh. AR A EA

_

gl

b s Wold g fle sl E 5 Slvh AFEAlEA dibkel 2
7FAad w5 dAAE AvjstA HHe g HEATE 4@ 55

g 9} mel Aol
g0 BAZGCY, Ao BA At mud w gtk ol d

o] fr &, AbREA A T ERo] 2] 2~ 7} e Had el A

o

Mycobacteroides abscessus subspecies massiliense (M. abscessus
subsp. massiliense)7} &3] & 7hs/dol o H2A¢] oFE
Adetarzt skl

"] A&k (non—tuberculous mycobacteria, NTM) % 7483t oF
=uA
2 FAste mlolZutH gotz, FEAME YFoA T2 T2
AR EA Y ato] H A ] o] M. abscessus subsp. massiliense A
o AdES FTMITIEA, e ARRMAIEAG Y A F5 0] &Rlo]l M.
abscessus subsp. massiliense AW WA QIzkel FAFE = QLA 9
o= e wprt glok. AARA A4S S SXAAET}

of TAlel Zd=EdE W %59 IFN-r, TNF-a, IL-19] W9 5kgo]

i
ftlo

Zk= £ Mycobateroides abscessus (MAB) complex+ i}

Sk X 31 M. abscessus subsp. massiliense®| t3st dule]g]olA] W
HESo] Zo b= AS gty S A E AMAM Z A G uto] 2 A7}
AAEAS W cmvIL-109] &#8]7F Skl al ol SFAE IL-10
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o AT AYI fARE WA oR £F9 IL-10 FEA Age. 2
FZAA L HCMVZE A4 = 3lE o 5529 IL-10 2015 38310,
IL-10 °o]&4 W2 o2 M. abscessus subsp. massiliense® <2

A&
of AALEE= cmvIL—108 A|ASIHE =3

5

Z23900, vpelg A A F
9 IL-10 AAbo] #Hadhadal, %39 IL-108 F3AZ A9ole 1
Hlejote] F4o] Zhasts Ans s,

olgigt AFE &3 HCMV #HHo]l IL-10 BH|E F7HA 71 M
abscessus subsp. massiliense Y Al &F2] A s}
o
AN

FA) ghelo] Bl @S AT

Fool: AAZAT ol e s, ABTN-10, HANGAF, TEAAL
Mycobacteroides abscessus subspecies massiliense
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