. TB complex

. M. kansasii

. M. marinum

. M. simiae

. M. scrofulaceum
. M. gordonae

. M. szulgai

9. M. avium

10. M.

7. M. chelonae
intracellulare 8. M. abscessus

9. M. peregrinum

5. WREABRHICIE, Z-N 3 (X 4-0) e # b
B 4-DBELND.

1. PFEPENRE

a) HERIEIEE (PCR &)

B CH& s CoBRRGE, BEL-oo=—
ZHEEL L, DNA ZHH L, PCRICK DHIEL,
B ET2HORFRNERTFESN 2 MM 2 5
T&5. Amplicor Mycobacterium 7% EBENZ
Wiy bADHY, RBREDICZ>TWAS. Am-
plicor TlZ M. tuberculosis complex, M. avium B
X U M. intracellulare DR - FIE BT RETH 5.
TV—=EEORRETH S M. ulcerans \Zon
Tit, HETIXEDOHEBETH 5 M. ulcerans sub-
species (subsp.) shinshuense 33 EHEEE L Tw
5. 1 ZEAEDOBEIIIENERBEN 2w &2
b, COBEBIIHAHLVET ITRED M. ul-
cerans £ E X 5T WA, M. ulcerans subsp.
shinshuense DEED 72D ITIZEKRMER, FER
&, %574 YPKE»50PCR X Y FERN DNA
TH 5152404 # T HLENDH 5. KKA
O EDOREIIOWTIE, BENIRRAEFFER N v

108

Y VR Y —TiTo T3,

b) DNA-DNA hybridization %

DDH i & iX, DNA B E oE % 5E M55
L&), HORERZTI O FERFENRET
HbH. FEL/zaO=—7% 5 DNA ZHHL, -
AEIILT, EHICKHENLRDNA ENATY Y
A¥—Yavy(FHH)SEHT Eicky, EYEE
5. DDH<A anNs 79 7 (BEREE)
REWT, FHBEOHMBENOEFIETH S
(B5). LaL, RXRILNEZRTEENDY, F
L, M. ulcerans & M. marinum L&~ = VT
BB 70, FEFPLETHD.

Drleftld, FEEABRZINHTL01C
HREEER4ITIRL

5. TOf

a) YN RIE(YR)

Purified protein derivative (PPD) & v+ 3 HilE %
BEPEST L, 48 BEBZORIS%HET 5. 10mm
LRI HIZEHYE, 10 mm U EDORER»
DEERH TP EERE, FRL) IEVRD
(k¥E, B E)bAREENETS. L

MB Derma No.216 2014

-135-




® 4 FrRBEOREDOR &:&b(}'tiﬁf:Z & h —EReZE L CHRIR)

S| BERe)

,rﬁwﬁaﬁfyfg§f {;

: ~ DNA-DNA -
PCR hybnd ization

‘ (ﬁﬁﬁilﬁ%)

O'
| ot

E »;J)x,”

Ma,%',fvil'QEJ
Gt omew) | )

@%ﬁ#bw”

s+, M) |- o

o ﬁ%ﬁ#bw‘,

L, BEEOMBREEERZHEERL TES
hai-®, SESELRPEORETH), BEHE
DAL D M. bovis BCG % NTM OHLE & OMEF %
PHYRXTH. PIBERORZ ) —= v TiREL
LTHHTH %%, BCCHENFERLBICER
SNTVB HATHE, BRERREOH EICIE
ExET5.

b) RRREDHRE

BEECTH L AREBETIX, NEICORELZSE
LTWAWEREND S, 1, EEEEIRERS
NIoBEITE, IR X BRE, CTRE BWER
E, BRKRER EETV, BRRE ZoMoR
B Bh EIREN VI DERERIT) LELD
5.

o) WEFHBRE

NYEVFETI, KEMEOREILETHS
TNy BoBEIORBE).

d) W PGL-1#Hf#

N EVRBETORBMLE HWZRET, b
WHEOBEAEIII W E D PGL- T (phenolic gly-
colipid- IS §AHAEERIBT L5 HIETH 5.

e) 142 —7 0 -y PBEFE (Interfer-

on-Gamma Release Assay ; IGRA)

MM A BRI CFRNRMECRML, &
BIIN 5 RBLELRAETEHA AL Th
% interferon gamma (IFN-7) # B T 5 K& D
WEIRB HETHE. 7474 720 VRE
& ELISPOT BED & 5 (#hih).

MB Derma No.216 2014 109

- 136 -

...l subsp. shinshtrense. Dﬁw :
: ~._”~?’fﬂ77}~/(ﬁa§ﬁr%) EEE




Stagel . Bt q n ESiT-B

Y R v FELISAK
([CKBIFN-y DEE

HiEEE I
TREREAN | gy Pibilicrr-10
WB kel +
L ™7y
BLIMIFORM 370 C16~24857 1 SHRED
g IFN- v 3 AEE CABMERE
StageQS COLDR
IFN- y ELISA& AR
R

R 7 MCRBDBRD
SHECREBDHIR)

QFT(d, MBEBEOFE-ATv T (L&) &, IFN-y ZRIE T SELISAZDSE AT v 7 (TR) hSBMINTLS.
HEDUHRFEOFRMU THAHEPIRNEICE S 1 mIFDMAEFOL, THRNUCRICIEEERRT .

6. 7474720 OREFIACIE G & Y E L TER)

=

6. 74 F472urOREBEOBERCCEREG L Y ERIR)

IEEMAU/m) |

M | emERER>

HERE | BRUZsoEALEEEL, BAN

=

(B A= BRI MIED IFN-7 B — R0 > < O— /LR N7

RE

AEBM=E%T2 FO—ILMRO IFN-7 BE - ¥ SO ILIRO IFN-7 BE

ZhoDRIEBZBROFRICALD

JFTF 47 ACERETY

74 V5471 Y*TB-3G(QuantiFERON®
TB-3rd Generation ; QFT-3 G, #Tix QFT*-
Gold In-Tube : QFT-GIT) »SEH OB AL L T
2000 £ 4 BICIRBEAIC % 5 72 (% 5). QFT-3
Gi/NRE O BCCEEOEEL ZITTIC,
BICEERA9 % PR ESAT-6, CFP-10% TB 7.7
W9 MR ESR AR (IFN-y BEEA) £ f8EEIC L
REX v MC, BEFEAESNZ ONRE
F 2 —7 (ERRILE) - TR 16~24 BRIk
ZL, LEFICERLETHERBEILS WS R
IFN-7 % ELISA #IC TS 5 (R 6)°. #H&
RICHBNEREEELTEREIRATWV S,
QFT REOHE MO EEE, £OIWRT. #

BB LTH 5 QFT BBEIcR s T COHE
E2~3hRLEZONTEY, BRIIBVWTIE
R 92.6%, HEE 8.8% LEEEOBVRE
Thb.

-7, M. bovis BCG i& ESAT-6, CFP-10 %
TB7.7 2H o TR WwA—8D NTM idH- T
VWHELDLH Y, DAL LT RO R RS
I LTEDL ) BRBZRT 2L, IR
THD. EFIRELNLTR, EFERICBNT
QFT BHFAPHRA I N5 08, AREIZE A
BEAETHI ™ F—y3+oThL, 5%
DEFIOERF N5,

ELISPOT 3%'"

ELISPOT #id, QFT #RZ&E & R, R

110 MB Derma No.216 2014

-137 -



OHER ZHIT 5 IGRA WA TH 5 (X 5). 2012
E1BICRBERE ol BEFY PTHD
T-ARy P TB, HEFELLHFML CTEM
P61 SERESREL, Bl b IFN-7 ithk% o —
©§ 4 v 2 L7z polyvinylidene fluoride (PVDF) &
 hETEEBEo 9 FAIEET L — M, —ER
CERMIET A WIS, BREERTE ESAT-6 B
L U'CFP-10 Zi{IM LT, 20 WeRwifssses 5.
BRI O T Mg IFN-y 2 53 %
i, MilEZO PVDF B EOH e b IFN-7 5
BLaTH. BECHESEG LA IFN-y 2 RiEg
BIETYBT S LEEL T MR8 (IFN-y 2 4T

HHRL) A5d o 7B AT A Ry PIRICEF B DT,
FOMBEEFEWL, MERNMETHLRVa Y b
T—=VDAFy PORABEOELHEMEE LT,
HRERRE BT 5. BELI7.5%, FEEE
9.1%TH 5.

QFT #%A&REE, M. bovis BCGITIIXEM %R
Shwvd, —HOMBEIEGEHEOHKREZRT S
EXGF o TWBDT, WMOWREES & TR
T5. Wik, ERRLENLEL QFT A& L
B, BEOASY VANVRLELMHETHL—
7T, BREREROBREMEIZY /3 RO5HE - RE
OBEXHY, QFTRELDIEHTHL. B
W QFT RETRIICE L WnWE ) %, MiakkRE
PR T AN D 5 AR /hR T ORGSR CH
ARz NTWS, QFT AR, EEEET
OF—=ZFELL, SHERMIET— 5 PRE
DEBRPLETH 5.

EnTI

S, WE EEREORRICLDEL LA
A%, 1080 48 DB —RERANMEIN S B 0, FEBRYE
ELTHBITONTVAS., Z0O%NT, REE
RITEBH 100 EFIOBREN DS, N> L VR
i, 30 EFII4ER 50 BIRTAR O BARABIN S - 72
B, BECIREAIBEYL, BAACIIELA LS
LAZVHBEEREES 2o/, LiL, RN
CIREAEM B HTAOFARESH Y, BED

AARTCHIEANBEA R EOFIZED NS, —H
T, NTME, $LF HIV ERGE < R Enhl#l 2
EDERE R ST T B B IRGEO BFE OB A
WV, FEOMMSBESNTW5, ERIIEEE
X, R THEOBWER T WA, Ebil
NEBOTELWRERTLHS. EHNTHEE
T, BWET ZI00, ERERBW & &Ikt <
BRI DY BEROBBTROLNTWAS.

X #

1) GHMA EEBINBREET A M, SREBE
2008.

2) RIFMA, $SARFTE—  PIEWHRIE EHEBXR,
51(11) : 1599-1606, 2009.

3) Nakanaga K, Hoshino Y, Yotsu RR, et al:
Laboratory procedures for the detection and
identification of cutaneous non-tuberculous my-
cobacterial infections. J Dermatol, 40 : 151-159,
2013.

4) AIFBIA EH L TH L WIBSAE. Visual Derma-
tology, 12(9) : 918-922, 2013.

5) HiERM-B, ATEA C TR IREE. MB Der-
ma, 206 . 27-37, 2013.

6) FF, FHEEZ, HANM  Th 24 FAETHIRS
THRIDI7FvF4 720y TBIT— N FEH
DFB &, SRMEEAEZ TS, 2012,

7) DARBERFESTHERS 7+ 74720

TB o FOEFTEET. #54%, 86(10) :1839-844,

2011.

Matulis G, Juni P, Villiger PM, et al : Detection of

latent tuberculosis in immunosuppressed pa-

tients with autoimmune diseases : performance

8

<

of a Mycobacterium tuberculosis antigen-specific
interferon gamma assay. Ann Rheum Dis, 67
(1) : 84-90, 2008.

Diel R, Loddenkemper R, Nienhaus A : Predic-
tive value of interferon-gamma release assays
and tuberculin skin testing for progression from
latent TB infection to disease state : a meta-
analysis. Chest, 142(1) : 63-75, 2012.

Diel R, Loddenkemper R, Niemann S, et al:

Negative and positive predictive value of a
whole-blood interferon-gamma release assay for
developing active tuberculosis : an update. Am J

9

~

10

=

MB Derma No.216 2014 111

- 138 -



Respir Crit Care Med, 183(1) : 88-95, 2011. 13) Sharon V, Goodarzi H, Chambers CJ, et al:

11) Bryant PA, Shingadia DV : Lumps and bumps. Erythema induratum of Bazin. Dermatol Online
BM]J Case Reports, 2009. Available at : doi @ 1-. J.16(4) : 1, 2010.
1136/ber.11.2008.1220. 14) HEESRE T AR v +® TBIZoWT. #+E
12) Angus J, Roberts C, Kulkarni K, et al : Useful- 348 : 8-9, 2013. .:
ness of the QuantiFERON test in the confirma- 15) Lalvani A, Pareek M : Interferon gamma release
tion of latent tuberculosis in association with assays : principles and practice. Enferm Infecc
erythema induratum. Brit J Dermatol, 157 (6) : Microbiol Clin, 28(4) : 245-252, 2010.

1293-1294, 2007.

112 MB Derma No.216 2014

- 139 -



Wang et al. BMC Infectious Diseases 2013, 13:279
http://www.biomedcentral.com/1471-2334/13/279

Infectious Diseases

An in vitro model of Mycobacterium leprae
induced granuloma formation
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Abstract
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\

Background: Leprosy is a contagious and chronic systemic granulomatous disease caused by Mycobacterium
leprae. In the pathogenesis of leprosy, granulomas play a key role, however, the mechanisms of the formation and
maintenance of M. leprae granulomas are still not clearly understood.

Methods: To better understand the molecular physiology of M. leprae granulomas and the interaction between the
bacilli and human host cells, we developed an in vitro model of human granulomas, which mimicked the in vivo
granulomas of leprosy. Macrophages were differentiated from human monocytes, and infected with M. leprae, and
then cultured with autologous human peripheral blood mononuclear cells (PBMCs).

Results: Robust granuloma-like aggregates were obtained only when the M. leprae infected macrophages were
co-cultured with PBMCs. Histological examination showed M. leprae within the cytoplasmic center of the
multinucleated giant cells, and these bacilli were metabolically active. Macrophages of both M1 and M2 types
co-existed in the granuloma like aggregates. There was a strong relationship between the formation of granulomas
and changes in the expression levels of cell surface antigens on macrophages, cytokine production and the
macrophage polarization. The viability of M. leprae isolated from granulomas indicated that the formation of host
cell aggregates benefited the host, but the bacilli also remained metabolically active.

Conclusions: A simple in vitro model of human M. leprae granulomas was established using human
monocyte-derived macrophages and PBMCs. This system may be useful to unravel the mechanisms of disease
progression, and subsequently develop methods to control leprosy.

Background

Leprosy is a chronic mycobacterial infection that presents
an extraordinary range of cellular immune responses in
humans. Regulation of cell-mediated immunity against
Mycobacterium leprae through the fine-tuning between
cells, cytokines and chemokines continues to be unraveled.
Similar to other mycobacterial infections, granulomatous
inflammation in the skin lesion defines certain forms of lep-
rosy [1,2]. The bacilli enter and replicate within macro-
phages, resulting in the production of cytokines and
chemokines, which in turn triggers an inflammatory re-
sponse leading to the recruitment of macrophages and lym-
phocytes at the infectious site. Granulomas mainly contain
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macrophages, epithelioid cells (ECs), multinucleated giant
cells (MGCs), surrounded by a rim of T lymphocytes {3].
The organization and the cellular constituents of the de-
veloping M. leprae granulomas vary with the status of the
host immune response. Presumptively, granulomatous le-
sions can be categorized within two polar forms [4]. At
one extreme, tuberculoid granulomas are organized as
nodular lesions with ECs and MGCs in the lesion center
surrounded by a rim of fibrous connective tissue, lympho-
cytes along the periphery of the granuloma, and acid-fast
bacilli are rarely demonstrable in the lesions. At the other
extreme, the pathological feature of lepromatous leprosy
skin lesions are characterized by a lack of organization of
cells, with very high numbers of foamy macrophages
containing very large numbers of bacilli, and disorganized
lymphocyte infiltration.

© 2013 Wang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Granulomas have long been believed to benefit the host
by containing and restricting the growth of mycobacteria
in a localized area, to prevent the spread of the disease to
other parts of the tissue or organs [5]. However, some
studies in zebra fish infected with M. marinum and M. tu-
berculosis suggested that the granulomas contribute to
early bacterial growth and expanding infection [6-10].

The structure, function, and evolution of granulomas
have been studied using various animal models [11,12],
high-resolution chest computed tomography scans of
pulmonary tuberculosis patients [13], and explanted tis-
sues [5,14]. Interestingly, the in vitro models of human
mycobacterial granulomas have been studied by infec-
tion with Bacillus Calmette-Guérin (BCG) or stimulation
with antigens such as purified protein derivatives or arti-
ficial beads coated with mycobacterial components
[15,16]. These studies have identified infected macro-
phages, ECs, and several types of MGCs, which are
thought to play important roles in the formation and
maintenance of granulomas. In addition, macrophages
demonstrate considerable plasticity that allows them to
efficiently respond to environmental signals. These cells
are generally classified as M1 (classic) macrophages,
which produce proinflammatory cytokines and mediate
resistance to pathogens and contribute to tissue destruc-
tion, or M2 (alternative) macrophages, that produce
anti-inflammatory cytokines and promote tissue repair
[17-19]. However, so far, we know little about the rela-
tionship between the polarization of macrophages within
mycobacterial granulomas.

In this study, we developed an in vitro model of M.
leprae granulomas, which mimicked the human granu-
lomatous skin lesion with progressive recruitment of
monocytes around macrophages infected by M. leprae,
and their differentiation into ECs and MGCs as well as
recruitment of activated lymphocytes. This model may
be useful for unravelling the mechanisms of disease pro-
gression, and find effective strategies to control the
spread of bacilli.

Methods

Ethics statement, cell culture and preparation of the
bacteria

Peripheral blood was obtained from healthy Japanese indi-
viduals with informed consent. The study was approved by
the ethics committee of the National Institute of Infectious
Diseases (NIID). In Japan, BCG vaccination is compulsory
for children aged 0—4 years old. Macrophages were differ-
entiated from monocytes using granulocyte-macrophage
colony-stimulating factor (GM-CSF) as described previ-
ously [20,21]. Animal experiments were carried out in strict
accordance with the recommendations of Japan’s Animal
Protection Law. The protocol was approved by the Ex-
perimental Animal Committee of NIID Tokyo (Permit
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Number: 211002). M. leprae (Thai-53 strain) was propa-
gated in athymic BALB/c-nu/nu mice (Clea Co, Tokyo)
[22]. At 8-9 months post-infection, mouse foatpads were
processed to recover M. leprae [23]. For all experiments, M.
leprae was freshly prepared. Human cells without the bacilli
were cultured at 37°C but when infected with the bacilli,
the cells were cultured at 35°C to maintain the viability of
M. leprae in host cells.

Culture of macrophages and peripheral blood
mononuclear cells for the formation of cellular
aggregates

Macrophages, differentiated from monocytes using GM-
CSF after 4 days culture in RPMI containing 20% fetal calf
serum (FCS) were transferred into 24-well tissue culture
plates (Falcon) (1 ~ 2 x 10° cells/well). Freshly prepared M.
leprae were then added to each well. The multiplicity of
infection (MOI: 50) was determined based on the assump-
tion that macrophage were equally susceptible to infection
with M. leprae [24]. After 24 hr, autologous peripheral
blood mononuclear cells (PBMCs) were cultured with M,
leprae infected macrophages at a ratio of 5:1 (PBMCs:
macrophages). In some cases, macrophages were infected
with M. leprae without PBMCs and in others, macro-
phages and PBMCs were co-cultured and macrophages
alone were used as negative controls. The cells were cul-
tured at 35°C for periods from 24 h to 10 days with
medium changes every other day. To detach the cells from
plates TrypLE Express (Gibco) was used, and then the
cells were maintained in medium containing 10%FCS for
30 min, before processing for flow cytometric analyses. In
other experiments we have also isolated T lymphocytes
and monocytes were isolated using Dynabeads Untouched
Human T cells and Dynabeads MyPure Monocyte kit 2
(Invitrogen), and used instead of PBMCs.

Phase-contrast microscopy and fluorescence microscopy
Macrophages grown on a 13-mm coverslip in a 24-well
plate, were infected with M. leprae for 24 h. Autologous
PBMCs were then co-cultured with macrophages for
additional 9 days. Macrophages were fixed in 2% parafor-
maldehyde, or methanol pre-chilled to -20°C, and then
observed under a phase-contrast microscope (Olympus
CKX41 with x 10 and x 20 objective lenses). Photographs
were taken with an Olympus DP50 system. Image acquisi-
tion and data processing were performed using DP con-
troller software. In other experiments, cells were stained
with May-Griinwald-Giemsa stain (MGG) (Sigma-Al-
drich) or by TB Carbolfuchsin ZN stain according to the
manufacturer’s instructions (BD Biosciences).

Cell imaging was performed using LSM5-Exciter laser
scanning microscope equipped with a 568 nm laser
(Carl Zeiss). Fixed cells were stained with anti-human
CD163 monoclonal antibody (mAb: BioLegend) and the
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secondary antibody used was an Alexa Fluor 568-
conjugated goat anti-mouse IgG (Invitrogen/Molecular
Probes). Nuclei were counterstained with Hoechst 33342
dye (Sigma-Aldrich). M. leprae was stained by auramine
O (BD Biosciences). Images were obtained under a fluor-
escence confocal microscope. Data were processed using
LSM software ZEN 2007.

Analysis of cell surface antigens on macrophages by flow
cytometry and microscopy

Macrophages were collected after time points of 1 and 9
days of co-culture with the PBMCs or M. leprae stimula-
tion. The expression of cell surface antigens on macro-
phages, was analyzed using a FACSCalibur flow cytometer
(BD Biosciences). Dead cells were eliminated from the
analysis by staining with 7-amino actinomycin D. For the
analysis of cell surface antigens, the following mAb were
used: FITC-conjugated mAb against CD68 (KP) was pur-
chased from Dako, FITC conjugated TLR4 (HTA125) and
CD206 (19.2), and PE conjugated mAb against CD86
(FUN-1) was all purchased from BD Biosciences and PE
conjugated mAb to CD14 (HCD14) and CD163 (RM3/1)
were from Biolegend. The numbers in the insets indicate
the mean fluorescent values of the cells stained with the
respective mAbs.

Determination of cytokine levels

The levels of the cytokines: Interferon (IFN)-y, interleu-
kin (IL)-2, tumor necrosis factor (TNF)-a, IL-12p40,
IL-1B and IL-10 in the culture supernatants were quanti-
fied using enzyme assay kits, OptEIA Human ELISA Set
(BD Biosciences) and processed according to the manu-
facturer’s instructions. IL-4 and IL-13 was purchased
from MABTECH AB. Cytokine levels were expressed as
pg of protein/ml of protein. Real-time PCR analysis of
mRNA extracted using an RNeasy Mini kit (Qiagen),
was performed using SYBR Green PCR Master Mix (Ap-
plied Biosystems) with specific primers according to the
manufacturer’s instructions. The instrument used for the
detection of the expression of mRNA was StepOnePlus
with StepOne software.

Determination of M. leprae viability

The viability of M. leprae recovered from the macrophages
of different groups was detected by radiorespirometry, that
measures the oxidation of **C palmitic acid to **CO,, as
described previously [25]. Briefly, the adherent macro-
phages and granulomas with bacilli were lysed in 300 pl of
a 0.1 N NaOH solution to release intracellular M. leprae.
After neutralization with 0.1 N HCl solution, an equal vol-
ume of 2 times concentrated Middlebrook 7H9 broth was
added. *C labeled palmitic acid was added to the lysates of
macrophages or granulomas, followed by incubation at
33°C. After 7 days, cumulative amounts of oxidized palmitic
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acid released as '*CO, by metabolically active M. leprae
were measured using a Packard 1500 TRI-CARB liquid
scintillation analyzer. The unpaired Students t-test was
used to determine the statistical significance of the two data
sets.

Results

Granuloma-like aggregates formed by co-culture of M.
leprae infected macrophages and autologous PBMCs
When PBMCs were incubated with M. leprae infected
macrophages in a 24-well tissue culture plate, the cells
aggregated to form a multilayered granuloma-like aggre-
gates by day 9 as shown in Figure 1A, whereas control
groups did not recruit any cells at this stage (Figure 1B,
C). We observed formation of a granular ball-like struc-
ture caused by some synapses around aggregates. These
in vitro granulomas exhibited a cellular structure similar
to that in histopathological specimens of tuberculoid
leprosy lesions showing T lymphocytes surrounding the
differentiated, ECs and MGCs that may be involved in
cytokine production for intercellular communication.
(Figure 1D). Confocal microscopic analysis of M. leprae-
induced granuloma showed a multilayered structure
(about 3—4 cell layers in transverse and straight sec-
tions), and some cells were positive for CD163 (red), a
macrophage marker (Figure 1E).

Characterization of the cell populations recruited within
in vitro granuloma-like aggregates

To identify and characterize the different cell types in
granuloma-like aggregates, the cells were plated on glass
slides and stained on day 9 of co-culture. MGG staining
showed that activated macrophages with larger cyto-
plasm, and MGCs were observed, which resembled
those in the granulomas of leprosy (Figure 2B, D).
MGCs are thought to be formed as a result of fusion of
macrophages, monocytes and ECs (Figures 2A, C). The
presence of M. leprae in MGCs was confirmed by stain-
ing with TB Carbolfuchsin ZN (arrows in Figure 2E, F).
In addition, confocal microscopy revealed the presence
of MGCs with auramine O stained M. leprae, in the
cytoplasmic region (Figure 2G, H). To characterize mac-
rophages, ECs and MGCs in the granuloma-like aggre-
gates, we performed immunofluorescence staining for
macrophage markers CD68, CD1a and CD163 (data not
shown). Both the macrophages and the MGCs could ex-
press the CD68 and CDla marker, but the expression
level of CD68 on the macrophages was higher than that
on the MGCs. With the increasing number of nuclei in
MGCs, lower levels of CD68 was observed (not shown),
although there was no significant difference in the ex-
pression levels of CDla between macrophages and
MGCs. These data indicate that MGCs belong to the
monocyte/macrophage lineage.
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Figure 1 Formation of granuloma-like cellular aggregates by
co-culture of PBMCs and macrophages infected with M. leprae.
(A) Co-culture of macrophages (1 x 10%), infected with M. leprae
(MOI:50) and autologous PBMCs (5 x 10%) in a 24 well-plate resulted
in the formation of granuloma-like aggregates by day 9. (B) Culture
of macrophages (1 x 10%) and autologous PBMCs (5 x 10°%) for 9 days,
without the bacilli. No formation of granuloma-like aggregates was
observed. (C) Macrophages (1 x 10°) infected with M. feprae (MOI:50)
after 9 days co-culture. (D) Higher magnification (2x) of the
cell-aggregates in (A). (E) Confocal microscopic (LSM5 Exciter)
analysis of M. leprae-induced granuloma revealed a muitilayered
structure (about 3-4 cell layers cells in transverse and straight
sections). The cells in aggregates were positive for CD163 (red), a
marker of macrophages. Nuclei were stained with Hoechst 33343
(blue). Representative data from a single donor are shown.

Expression levels of cell surface antigens on macrophages
at different time points

We investigated the expression levels of cell surface anti-
gens on macrophages from different groups at two differ-
ent time points, day 1 and day 9. On day 1, there was no
significant difference in the expression of cell surface anti-
gens on macrophages between groups. Compared with
day 1 macrophages, day 9 macrophages, which were
infected with M. leprae and co-cultured with PBMCs to

Figure 2 Cell populations in granuloma-like aggregates.
May—-Griinwald-Giemsa (MGG) staining showed that there are
mainly macrophages, ECs (A, D} and MGCs in the aggregates (B, D).
MGCs were formed by the intercellular fusion and phagocytosis of
cells (€). M. leprae were stained with Ziehl-Neelsen (shown with
arrows) and the bacilli were found to be restricted to the central
cytoplasmic region of the MGCs (E, F). Confocal microscopy of MGCs
showed M. leprae stained with auramine O (green) and the nuclei

L stained with Hoescht (G, H).

form granuloma-like aggregates, showed higher expression
of CD14 (pattern recognition receptor), CD68 (macro-
phage marker related to phagocytic activities), CD163
(scavenger receptor) and CD206 (mannose receptor), al-
though the expression of major histocompatibility com-
plex (MHC) class-1I, CD86, and toll-like receptor (TLR)-4
did not change (Figure 3). Interestingly, in our long-term
culture (9 days) of macrophages infected with M. leprae,
the expression of CD14, CD68, CD163, TLR4, CD86 and
CD206 was significantly lower than that in macrophages
infected with M. leprae and co-cultured with PBMCs.
CD206 expression was the lowest in macrophages co-
cultured with PBMCs, although CD163 expression was
significantly high (Figure 3). CD163 and CD206 are
markers of M2 macrophages, whereas CD86 expression is
associated with M1 macrophages. Therefore, the M1 and
M2 macrophages appeared to coexist in granulomas.
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(See figure on previous page.)

Figure 3 Expression of cell surface antigens on macrophages at two different time points. Compared with the control group on day 1,
day 9 macrophages infected with M. Jeprae and co-cultured with T lymphocytes showed relatively higher expression of CD14, CD163 and CD206.
While in macrophages infected with M. leprae, the expression level of CD14, CD68, CD163, TLR4, CD86 and CD206, were downregulated as
compared to those infected macrophages co-cultured with PBMCs. Representative data of one donor, from three independent experiments are
shown. P-values were calculated using the Welch unpaired t-test in comparison with day 1 macrophages.

Cytokines in culture supernatants

The culture supernatants from different groups were
collected on days 1, 3 and 9 after the start of macro-
phage culture. The release of IFN-y, IL-2, TNF-a, IL-
12p40, IL-1B, IL-4 and IL-13, was evaluated by ELISA
(Figure 4). Interestingly, the expression levels of the vari-
ous cytokines in supernatants, from different groups
showed significant differences that were associated with
the formation of granuloma-like aggregates and changes
of cell surface antigen expression on macrophages. In
the group with M. leprae infected macrophages co-
cultured with PBMCs, the concentrations of IL-2, IL-18
and TNF-a peaked on day 1 after infection and then de-
clined gradually. The level of IL-12 p40 also declined
slowly by day 9. IFN-y levels were low on day 1, but in-
creased 7 fold by day 4, and then remained unchanged
till day 9. A high level of IL-10 expression in macro-
phages and macrophages cultured with PBMCs was ob-
served, but the expression was significantly decreased
when macrophages were infected with M. leprae as ob-
served in the day 9 cytokine expression levels. However,

when macrophages were differentiated with M-CSF, the
expression of IL-10 was significantly high when macro-
phages were infected with M. leprae (Additional file 1:
Figure S1). IL-4 and IL-13 were not detected in any
groups on days 1 and 9 from the start of macrophage
culture (data not shown). Real time PCR results further
confirmed the cytokine expression and showed similar
results except for the IL-2 and TNF-a, whose expression
was observed in control groups of macrophages infected
with M. leprae in addition to those co-cultured with
PBMC:s (Figure 5).

The viability of M. leprae in granuloma-like aggregates

We determined the viability of M. leprae at days 1 and 9,
when granuloma-like aggregates were observed in co-
cultures of M. leprae infected macrophages with PBMCs,
whereas in cultures of macrophages infected with M.
leprae, there was no granuloma formation. The amount of
radioactive CO, evolved which reflects the rate of **C-pal-
mitic acid oxidized by M. leprae, which was measured by
a scintillation counter. No significant difference in '*CO,

—
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Figure 4 Measurement of cytokines secreted into the culture medium by ELISA. Measurement of IFN-y, IL-2, TNF-q, IL-12, and IL-18
secreted in the culture medium from different groups of cells at day 1, 3 and 9. Representative data from three individual experiments of a single
donor are shown. Unpaired Student’s t-test was performed. NS: not significant, *p < 0.001, **p < 0.01. '
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TNF-a

Group 1 Group2 Group 3 Group 4

Day 1
22 Days

.

Group 1 Group2 Group3 Group 4

Figure 5 Determination of mRNA level of cytokines by real-time PCR. mRNA expression of IFN-y, IL-2, TNF-g, IL-12, and IL-1B in the cells was
evaluated by using specific primers, SYBR Green PCR Master Mix, and a StepOnePlus (Applied Biosystems). Cells were collected on days 1, 3 and 9
after co-culture with or without PBMCs. The y-axis shows the relative quantitative values calculated from comparative Ct values normalized to the
control (actin used as calibrator). The standard deviation of the ACt value was determined (Applied Biosystems). Representative data from a single
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production was observed from macrophage in either groups
on days 1, and 9. However, the amount of radioactive CO,
released from macrophages infected with M. leprae and co-
cultured with PBMCs for 9 days was lower but not signifi-
cantly lower than that released from macrophages infected
with M. leprae alone (Figure 6).

Discussion
In the 1960s, Ridley and Jopling proposed a histological
classification scheme for leprosy [26]. At one extreme,
called the polar tuberculoid, leprosy patients show a high
degree of cell-mediated immunity, lesions revealing well-
developed granulomatous inflammation and rarely acid-
fast bacilli are detected. At the other extreme, termed
polar lepromatous patients have no apparent resistance to
M. leprae, and skin biopsies reveal sheets of foamy macro-
phages in the dermis containing very large numbers of
bacilli and microcolonies called globi. Currently, the for-
mation and maintenance of granulomas are considered to
be critical components of the host response to M. leprae
infection, which determine not only whether primary dis-
ease occurs, but also the clinical manifestation. Granu-
loma formation is studied in mouse models but little is
known about the human granuloma due to the ethical
problems of using human samples and the difficulties in
establishing a good model using human cell lines.

The formation of small, rounded granuloma-like-structure,
was previously described by co-culture of blood lymphocytes

with autologous macrophages infected with M. tuberculosis,
or BCG or stimulation with other mycobacterial antigen
such as purified protein derivatives. These granuloma-like
structures showed abundance of CD68 positive macrophages
with small round lymphocytes scattered throughout the
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Macrophages Macrophages infected
infected with with M. leprae +
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Figure 6 Measurement of the viability of M. leprae in
macrophages after co-culture with PBMCs. At day 9 after culture
of macrophages infected M. leprae with or without PBMCs,
macrophages were lysed, and the viability of M. leprae was
determined by a radiorespirometric assay. Unpaired Student’s t test
was used to determine the statistical significance of the two data

sets. Representative data of three individual experiments are shown.
| —

- 146 -



Wang et al. BMC Infectious Diseases 2013, 13:279
http://www.biomedcentral.com/1471-2334/13/279

granuloma [15,16]. These models not only exhibit structural
similarities to granulomas observed in human clinical speci-
mens, but also show patterns of cell antigen expression and/
or cytokine production that appear consistent with those ob-
served in tuberculosis patients. However, the formation of
granulomas in leprosy, involving M. leprae infection has not

been previously studied in vitro. The only data available on

granuloma formation of leprosy is from the immunological
staining of biopsies of patients, and granulomas harvested
from the footpads of athymic nude mice [27].

In our model, we first infected the immature human
macrophages with M. leprae. To mimic the recruitment
of additional PBMCs which would occur in vivo, autolo-
gous PBMCs were added after 24 h and cultured at 35°
C, the optimal temperature for the growth of M. leprae
and macrophages to be kept viable. Within 9 days of cul-
ture, macrophages and T lymphocytes gathered to form
a granuloma-like aggregates with fused macrophages,
appearing as multinucleated cells, and epitheloid macro-
phages tightly linked to surrounding macrophages and
lymphocytes. However, in control groups, the formation
of granuloma-like aggregates was not observed. When
autologous T lymphocytes and monocytes were purified
and used instead of PBMCs, a similar formation of
granuloma like aggregates were observed, together with
production of the same amounts of cytokines, indicating
that T lymphocytes and monocytes are sufficient for the
containment of M. leprae in granuloma like structures.

Electron microscopy studies indicated that the tuber-
culoid lesion had an appearance of a granulomatous re-
sponse with a predominance of ECs and MGCs, and the
mononuclear phagocytes which are surrounded by a
mantle of lymphocytes [28]. In the present in vitro
model of granulomas, MGCs were prominent, and re-
sembled MGCs observed in a tuberculoid lesion. MGCs
have been described by Langhans, but the function of
these cells in the granuloma remains to be elucidated
[29]. In this study, we observed not only Langhans giant
cells (MGCs with a circular nuclear organization in con-
trast to the MGCs formed in response to a foreign body
that lacks this kind of organization), but also the bacilli
surrounded by nuclei and restricted to the central cyto-
plasmic region. Because this type of MGC is not ob-
served in the normal mouse model, it is interesting to
further focus on the formation, mechanism and function
of such MGCs using human in vitro model or human-
ized mouse model as recently described by Heuts et al.
[30}. The in vitro model of leprosy granulomas still
needs to be investigated, and compared to that obtained
using leprosy patients’ monocytes and T cells.

Macrophages function as control switches of the im-
mune system, providing a balance between pro- and
anti-inflammatory responses by developing into subsets
of M1 or M2 activated macrophages. M1 macrophages
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are activated by type I cytokines such as IFN-y and
TNFa, Alternatively, activated M2 macrophages are
subdivided further into M2a (activated by IL-4 or IL-13),
M2b (activated by immune complexes in combination
with IL-1B) and M2c (activated by IL-10 or glucocorti-
coids) [31]. M1 macrophages exhibit a potent microbici-
dal activity, and release IL-12, promoting strong Thl
immune responses. It is the M1 population that is
thought to contribute to macrophage-mediated tissue
injury {19,32]. In contrast, M2 macrophages support
Th2-associated effector functions and exert a selective
immunosuppressive activity. M2 macrophages also play
a role in the resolution of inflammation through phago-
cytosis of apoptotic neutrophils, reduced production of
pro-inflammatory cytokines, and increased synthesis of
mediators that are important for tissue remodeling and
wound repair. We investigated the contribution of the
macrophage polarization, MGC formation and immune
responses against M. leprae in granulomas, and found
that there was a strong relationship between the forma-
tion of granuloma-like aggregates, the changes of cell
surface antigen expression on macrophages, and the ex-
pression levels of various cytokines with the macrophage
polarization. In M. leprae infected macrophages co-
cultured with PBMCs, the concentrations of IL-2, IL-12
and TNF-a peaked at day 1, while, TLR4, CD86, and
MHC molecules were highly expressed, indicating that
most of the macrophages were of the M1 subset. At day
9, in the same group of infected macrophages co-
cultured with PBMCs, the cells assembled and formed a
multilayer, granuloma-like aggregates, and the macro-
phages not only highly expressed TLR4 and CD86, but
also scavenger receptor (CD163) and mannose receptor
(CD206) molecules. CD163 and CD206 are the markers
of M2 macrophages. Therefore, the M1 and M2 macro-
phages coexisted in granuloma-like aggregates. Consist-
ent with this observation, the levels of IL-1f, IL-2, IL-12
and IFN-y were high in the culture medium, promoting
the differentiation of macrophages into both M1 and M2
subsets. The protective cell mediated immune response
is regulated by the cytokine equilibrium, while the tuber-
culoid pole is characterized by the presence of Thl cyto-
kines (IL-2, IFN-y, TNF-a and IL-12), and lepromatous
is characterized by type 2 cytokines (IL-4, IL-6 and
IL-10) [33]. Because IL-10 is an immunosuppressive
cytokine implicated in susceptibility to mycobacterial in-
fection, we examined the expression of IL-10 in more
detail. Indeed, the infection with M. leprae suppressed
the production of IL-10. However, when macrophages
were differentiated with M-CSF, rather than GM-CSF,
M. leprae infection further enhanced IL-10 production.
Our results indicate that the granuloma aggregates stud-
ied here, are similar to those observed in the tuberculoid
form of leprosy. However, little is known about the type
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of cytokines that influence the formation of macro-
phages for containment of M. leprae in the granulomas

during the pathogenesis of leprosy.

We also investigated the viability of M. leprae in macro-
phages at different time points. At day 9, a number of
granuloma-like aggregates were observed in co-cultures of
PBMCs with macrophages infected with M. leprae. How-
ever in macrophages infected with M. leprae without the
PBMCs, granuloma-like aggregates were not observed.
There were no significant differences in the viability of M.
leprae in macrophage of different groups on day 1, but on
day 9, the viability of M. leprae in the group that formed

Page 9 of 10

and also from the National Natural Science Foundation of China (30972651),
the fund for Key Clinical Program of the Ministry of Health (2010-2012-125).
We appreciate the helpful assistance of Drs. Masanori Matsuoka and

Masanori Kai for the M. leprae propagation and isolation. We also thank the

granuloma-like aggregates was slightly lower, although not

significantly, than that of M. leprae in infected macro-

phages without PBMCs. Evidently, granuloma-like aggre- 1.

gates appear to benefit the host but the bacilli remained

2

metabolically active. The mechanism of this phenomenon

needs further in-depth analysis.

Conclusions
In summary, we have developed for the first time

method to obtain in vitro M. leprae granulomas using hu-

3.

a

man monocyte derived macrophages and PBMCs. Using
this model, we obtained some basic information about the

characteristics of in vitro granulomas. In addition, the via-

bility of M. leprae in granuloma-like aggregates remained
unaltered during the culture period. Effective strategies to 8.

allow the bacilli to succumb to the formation of granu-

loma may assist in the primary control of the infection.

Additional file

Additional file 1: Figure S1. Measurement of IL-10 secreted into the
culture medium by ELISA. Measurement of IL-10 secreted in the culture
medium from different groups of cells at days 2, 6 and 9 is shown. Two
types of macrophages were used to analyze the data. (A) Macrophages
differentiated using GM-CSF, and (B) macrophages differentiated from
monocytes using M-CSF. Representative data from two individual
experiments of a single donor are shown. Unpaired student’s t test was
performed, *p < 0.0001, **p < 0.001, **p < 0.05.
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ABSTRACT

There is evidence that the incidence of cutaneous non-tuberculous mycobacterial (NTM) infection is increasing
worldwide. Novel culture methods and new analytical procedures have led to significant advancements in under-
standing the origin and progression of NTM infections. Differential identification of NTM isolates is important
because culture characteristics and/or sensitivity to anti-mycobacterium drugs vary between different mycobacte-
rial species. In this manuscript, we describe the latest diagnostic techniques for cutaneous NTM infection and
show how these methodologies can be used for the diagnosis of Buruli ulcer in Japan.

Key words:
polymerase chain reaction, species identification.

INTRODUCTION

The basis for the increase in the number of cases of cutaneous
non-tuberculous mycobacterial (NTM) infection is unknown. It
has been attributed to an increase in the total number of these
patients or to better detection and/or reporting methods.™
Insight into the origin and progression of NTM infections has
been significantly advanced due to the employment of novel
methods for the culture and analysis of NTM. However, the
diagnosis of a cutaneous NTM infection in less experienced
hospitals is occasionally delayed, or not made at all, because
the causative agent can be difficult to isolate due to its variety
of growth characteristics. To date, most cutaneous NTM infec-
tions have been caused by Mycobacterium marinum®’ or by
groups of rapidly growing mycobacterial (RGM) species, but
sometimes a rare mycobacterium can cause the disease.’™'°
Different strains of mycobacteria generally exhibit different
characteristics in culture and/or sensitivity to anti-mycobacte-
rial drugs. Therefore, accurate identification of the causative
agent is important for the treatment of NTM infections. In this
manuscript, we describe the latest molecular diagnostic tech-
nigues for cutaneous NTM infection and present a case study
that used these methodologies for BU diagnosis.

NTM IN DERMATOLOGY

Causative agents of dermatological infections
Approximately 30 mycobacterial species have been identified
as causative agents of cutaneous infection (Table 1). These

168 rRNA gene, Buruli ulcer, cutaneous infection, non-tuberculous mycobacterial infection,

species of mycobacteria, with the exception of the Mycobacte-
rium tuberculosis complex and Mycobacterium leprae, are
classified as NTM. They are categorized into four groups
based on their growth rate (slow growing mycobacterial [SGM]
and RGM species) and photochromogenicity. The identification
of mycobacterial species is now rapid and relatively simple.
Some of the pathogens identified as causative agents are used
as a designation of the disease (e.g. cutaneous Mycobacterium
massiliense infection).

Clinical symptoms of cutaneous NTM infection

A number of cutaneous diseases, such as erythema, nodules,
erosion and ulcers, have been attributed to NTM infection.
The point of entry is thought to be via minute cutaneous
wounds in which bacteria are attached. Although a visceral
NTM infection may cause cutaneous infection in immunocom-
promised patients, it is not yet clear how many bacteria are
required for pathogenicity. There is usually only one cutaneous
lesion; however, multiple skin lesions have been observed
when pathogenic microbes spread through the lymph fiuid.
Most infected skin lesions are on exposed areas such as the
hands, feet or face, supporting the premise that small external
wounds are the penetration pathway. For example, in cutane-
ous M. marinum infection, also known as fish tank granuloma,
approximately 80% of the patients have eruption(s) in finger,
hand and/or wrist joints. Patients do not experience the pain
or itching usually associated with eruptions, but inflammation
does sometimes lead to tenderness and/or spontaneous
pain.”"z
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Table 1. Causative agents of cutaneous mycobacterial infections

Growth rate Traditional Runyon classification

Species (Mycobacterium)

Disease

Slow growers M. tuberculosis complex

Group |
Photochromogens

Group Il
Scotochromogens

Group 1l
Non-photochromogens

Group IV
Rapid growers

Rapid growers

Unculturable in artificial medium

. tuberculosis
bovis

kansasii
marinum
simiae

gordonae

scrofulaceum

szulgai

ulcerans subsp. shinshuense®
ulcerans®

avium
haemophilum
intracellulare
xenopi®

abscessus
chelonae
fortuitum

. peregrinum
vaccae

£ ¥XSTXX TXEX TR ERE EXR

leprae

Cutaneous tuberculosis

Non-tuberculous mycobacterial infection

Hansen'’s disease (Leprosy)

2Yellow pigmentation is sometimes lost after several passages. "Non-pigmented colonies during early growth. However, most colonies become yellow

with age.

CONVENTIONAL IDENTIFICATION OF
CUTANEOUS NTM

Specimens

Pus or skin exudate, skin scrapings and skin biopsies are the
major source of samples used to perform both conventional
and molecular mycobacterial assays (Table 2).'®'* Isolates,
formalin-fixed and/or formalin-fixed paraffin-embedded sec-
tions are also used for analysis. Animal coats, aquatic animals,
seawater, tap water and swimming pool water are also used in
the search for sources of infection. To date, we have received
90 clinical specimens (swabs and tissues) for NTM detection
and identification, 225 cultured colonies for identification, 31
paraffin-embedded specimens for detection and 278 NTM cul-
tured colonies for drug susceptibility assay from April 2009 to
March 2011. As we discuss later, we have been using this
pipeline since 2006, and these samples were analyzed at least
in part to reach the correct identification.

Smear test and pathological test

Swabs containing pus or skin exudate spread on a slide glass
is used for the smear tests. Smears are stained (Ziehl-Neelsen
[Z-N] or Auramine O staining) and examined by light micros-
copy or fluorescent microscopy (Fig. 1). Pathology specimens
are also stained with Z-N staining (Fig 2).

Culture test

Liquid or solid medium is used to culture samples obtained
from swabs containing pus or exudate, skin brushes and skin
biopsies. The major liquid medium has a Middlebrook 7H9

152

Broth base combined with a growth indicator system (Myco-
bacteria Growth Indicator Tube, MB/BacT).'>'® Three repre-
sentative solid media are the egg-based Lowenstein—Jensen,

Table 2. Laboratory procedures to detect and identify cuta-
neous NTM

Pus or scrapings
PCR
Smear test (Z-N stain)
Culture at room temperature: L-J or Ogawa medium
Cuiture at 37°C: liquid medium (e.g. MGIT)
Frozen in —-20°C
Biopsy samples
PCR
Pathological test (Z-N stain)
Culture at room temperature: L-J or Ogawa medium
Culture at 37°C: liquid medium (e.g. MGIT)
Frozen in —20°C
PCR
Culture
Cultured samples
PCR
DDH
Biochemical assays
Drug susceptibility assays
Paraffin- embedded materials
PCR

DDH, DNA-DNA hybridization; L-J medium, Léwenstein—Jensen
medium; MGIT, Mycobacteria Growth Indicator Tube;'® NTM,
non-tuberculous mycobacterial; PCR, polymerase chain reaction; Z-N
stain, Ziehl-Neelsen stain.

© 2012 Japanese Dermatological Association
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Figure 1. Smear Ziehi-Neelsen staining (original magnification
x1000).

Figure 2. Pathological Ziehi-Neelsen staining (original magnifi-
cation x400).

Figure 3. Ogawa medium (culture positive).

© 2012 Japanese Dermatological Association

Laboratory tests for cutaneous NTM infections

Ogawa medium (Fig. 3), or Middlebrook 7H10/7H11 agar
medium."” Before culturing, pretreatment with Nalc-NaOH is
necessary to avoid contamination by other bacteria or fungi.
Optimal culturing temperature varies depending on species:
40°C, 37°C, 33°C, 30°C, 28°C and room temperature are
frequently used. If multiple incubators are not available for
simultaneous use, incubation at 37°C is recommended with
simultaneous culturing at room temperature. The isolation per-
iod of the causative agents may be shortened when liquid
media is used. However, the shortened growth period may not
allow sufficient time to observe colony characteristics. Because
liquid medium is not suitable for identification when samples
contain multiple pathogens, it is recommended that both liquid
and solid cultures be grown at the same time.

Biochemical analysis

Biochemical analyses such as the niacin and catalase tests
and other enzymatic reaction assays have been the most fre-
quently performed procedures for mycobacterial species iden-
tification. These biochemical tests have certain limitations that
lead some laboratories to avoid them. For example, testing
can only be performed after successful isolation. In addition,
running the tests requires complicated quality control and tech-
nical expertise.'®'

MOLECULAR IDENTIFICATION OF
CUTANEOUS NTM

Differential diagnosis by DNA-DNA hybridization
(DDH) assays

Differential diagnosis using a commercial kit for mycobacterial
DDH can be performed when bacterial isolates are available.'®
The kit contains a panel of 18 major mycobacteria (Table 3).
However, it is impossible to diagnose a rare species and
subspecies that is not included in the panel, and there have

Table 3. Mycobacterial species identifiable in a commercially
available DNA-DNA hybridization test

TB complex (M. africanum, M. bovis, M. microti, M. tuberculosis)
abscessus

avium

chelonae

fortuitum

gastri

gordonae
intracellulare
kansasii

marinum
nonchromogenicum
peregrinum
scrofulaceum
simiae

szulgai

terrae

triviale

xenopi

STSTTTSTTRTRIIRETRERER
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been several cases of false positives. Attempts to differentiate
Mycobacterium ulcerans subsp. shinshuense (the causative
agent of Buruli ulcer [BU] in Japan)® from M. ulcerans using
this kit yield an identification of M. marinum (Fig. 4)."°
Mycobacterium massiliense and Mycobacterium bolletii are
misidentified as Mycobacterium abscessus,?® while Mycobacte-
rium heckeshornense is classified as Mycobacterium xenopi.
Additional laboratory procedures are required to discriminate
these species. Polymerase chain reaction (PCR) detection of
insertion sequence (IS)2404 can be used to differentiate
M. ulcerans and/or M. ulcerans subsp. shinshuense from
M. marinum.®'® However, combination sequence analysis
using the hsp65 and rpoB genes is required to separate
M. abscessus, M. massiliense and M. bolletii.2°

Gene amplification assays

Diagnostic genotyping kits for the detection of pathogenic
mycobacterial genomes such as M. tuberculosis, Mycobacte-
rium avium, Mycobacteriurn intracellulare and Mycobacterium
kansasii are commercially available.?*2® The correct results

. M. avium

0. M.
2. T8 complex intracellulare

3. M. kansasii

4. M. marinui

5. M. simiae

. M.
scrofulaceum
7. M. gordona

8. M. szulgai

Figure 4. Commercially available DNA-DNA hybridization
assay using an Mycobacterium ulcerans subsp. shinshuense
clinical isolate. Blue color change was observed in a well of
M. marinum.

target: p-globin target: 152404
NCPC 1 2 M NCPC 1 2

205 bp bttt <- 154 bp

Figure 5. Gel electrophoresis of polymerase chain reaction
products amplified using template DNA extracted from forma-
lin-fixed and paraffin-embedded sections. 1, sample 1; 2, sam-
ple 2; NC, negative control; PC, positive control.
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can be rapidly obtained if certain mycobacteria are present in
the specimen material. However, when the results are negative,
the smear test and/or culture assays should be performed for
the other NTM.

Culturing an SGM can take several weeks. Therefore, geno-
typing assays such as species-specific PCR (Fig. 5) or 16S
rBNA gene sequencing (described below) are extremely effec-
tive. Even for RGM species such as Mycobacterium chelonae,
M. abscessus or Mycobacterium fortuitum, the primary isola-
tion takes several weeks, but identification can be hastened
using genotypic assays in parallel with culture assays. Speci-
mens are sometimes processed into formalin-fixed paraffin-
embedded blocks or frozen embedded blocks, making culture
assays impossible. The sensitivity and specificity of PCR from
these blocks is variable, depending on the condition of the
DNA in the specimens. The order of preferred samples for
genotypic analysis (from best to worst) is: cultured colo-
nies > fresh specimens > ethanol-fixed specimens > formalin-
fixed paraffin-embedded specimens.

Identification using the 16S rRNA gene sequence

If an abundance of bacterial DNA is available, sequence anal-
ysis of the first one-third of the 16S rRNA gene (Table 4, pri-
mer set; 8F16S-1047R16S) can be used for strain
comparisons in the Ribosomal Differentiation of Medical
Micro-organisms (RIDOM) database (www.ridom-rdna.de/).?%
3% RIDOM uses the sequence text to find the top 10 reference
strains with the highest homology to the query sequence. The
sequences contain approximately 500 bp, which includes
hypervariable regions A and B of the mycobacterial 16S rRNA
gene (E. coli positions 54-510). Sequence homology greater
than 99% usually leads to a call that two strains are identical.
However, this method cannot differentiate between M. ulcer-
ans subsp. shinshuense, M. marinum and M. ulcerans due to
their sequence similarity. In other cases, M. kansasii and
Mycobacterium gastri exhibit 100% homology in the first
500 bp of their 16S rRNA genes, as do members of the
M. chelonae-abscessus group.®?®® These strains require addi-
tional methods for differentiation. Sequence analysis of the
majority of the 16S rRNA gene (1500 bp) aliows differentiation
of M. ulcerans subsp. shinshuense, M. marinum and M. ulcer-
ans (Table 5).'%3% The longer sequence read also distinguishes
M. chelonae from the rest of the M. chelonae-abscessus
group. Still, even this methodology cannot differentiate
between M. abscessus, M. bolletii and M. massiliense.?® There
are other databases such as the Ez Taxon identification ser-
vice (EzTaxon-e) and the basic local alignment search tool
(BLAST), but they have no quality control standards for the
submission of reference sequences.®>%

Identification using other housekeeping gene
sequences

The sequence of the 16S rRNA gene (first one-third) cannot
identify or differentiate some mycobacterium strains, but the
entire gene is relatively large, and large amounts of DNA tem-
plate are required to obtain the entire sequence. A more sensi-
tive method for the targeting of multiple housekeeping genes
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Table 4. Primers used for NTM and M. ulcerans detection and identification

Target and/or purpose (amplified

Primer Sequence fragment size) Reference
8F16S 5-AGAGTTTGATCCTGGCTCAG-3' (positions 8 to 27)* Mycobacterial 16S rRNA gene, PCR 24
1047R16S  5-TGCACACAGGCCACAAGGGA-3' (positions 1047 to 1028)° (1500 bp), sequencing

830F16S  5-GTGTGGGTTTCCTTCCTTGG-3' (positions 830 to 849)*

1542R16S 5-AAGGAGGTGATCCAGCCGCA-3' (positions 1542 to 1523)*

B 5'-ACCAACGATGGTGTGTCCAT-3' Mycobacterial hsp65 gene, PCR (441 bp), 25
TB12 5-CTTGTCGAACCGCATACCCT-3' sequencing

MabrpoF  5-GAGGGTCAGACCACGATGAC-3' (positions 2112-2131)° Mycobacterial rpoB gene, PCR (449 bp), 20
MabrpoR  5-AGCCGATCAGACCGATGTT-3’ (positions 2559-2541)P sequencing

MF 5'-CGACCACTTCGGCAACCG-3' Mycobacterial rpoB gene, PCR (341 bp), 26
MR 5'-TCGATCGGGCACATCCGG-3’ sequencing

ITSF 5'-TTGTACACACCGCCCGTC-3 Mycobacterial 165-238S ITS region, PCR 27
ITSR 5-TCTCGATGCCAAGGCATCCACC-3’ (340 bp), sequencing

PU4F 5'-GCGCAGATCAACTTCGCGGT-3' M. ulcerans 182404, PCR (154 bp) 28
PU7Rbio  5-GCCCGATTGGTGCTCGGTCA-3'

2Nucleotide positions were assigned using the coli £. coli 165 rBNA gene sequence as a reference.”Primer design and nucleotide positions were based
on the M. tuberculosis rpoB gene sequence (Genbank accession no. L27989). ITS, internal transcribed spacer; PCR, polymerase chain reaction.

Table 5. 165 rRNA gene sequences differentiating Mycobacterium ulcerans and related species'®

Organism Origin 4922 1247 1288 1449-1451

M. ulcerans subsp. shinshuense ATCC 33728 Japan GGGGA GTGCA AAGGC ACCC—TTTG
M. ulcerans subsp. shinshuense LRC 0501 Japan GGGGA GTGCA AAGGC ACCC—TTTG
M. ulcerans ITM 98-912 China GGGGA GTGCA AAGGC ACCC—TTTG
M. ulcerans Agy99 Ghana GGAGA GTGCA AACGC ACCCTTTTTTG
M. ulcerans ATCC 194237 Australia GGAGA GTGCA AACGC ACCC—TTTG
M. ulcerans 1615 Malaysia GGAGA GTGCA AACGC ACCC—TTTG
M. ulcerans 5143 Mexico GGAGA GTGCA AAAGC ACCC—TTTG
M. marinum ATCC 9277 USA GGAGA GTACA AAAGC ACCC—TTTG

®Nucleotide position(s) were based on Escherichia coli 165 rRNA gene sequence.

Underline indicated differieng residue(s).

Figure 6. Gel electrophoresis of polymerase chain reaction
products from skin biopsy specimens using a 2% agarose gel.
Lane 1, 100-bp ladder; lane 2, 16S rRNA gene (8F16S-
1047R16S); lane 3, internal transcribed spacer region; lane 4,
rpoB gene (MF-MR); lane 5, hsp65 gene.

© 2012 Japanese Dermatological Association

for PCR and sequence analysis was required37 In addition to
the 16S rRNA gene, we analyzed the DNA sequences of heat
shock protein 65 (hsp65), rpoB and the 16S-23S intergenic
spacer region (ITS region). Table 4 shows the sets of primers
applicable to most strains of mycobacterium. Figure 6 shows
the result of gel electrophoresis analysis after PCR using tem-
plate DNA extracted from regions of affected skin and primers
for the 16S rRNA gene (8F16S-1047R16S), the ITS region,
rpoB (MF-MR) and hsp65. This figure shows amplified single
bands; however, extra bands or inadequate amplification are
sometimes apparent. The rpoB gene is the most polymorphic
of the regions examined and is, therefore, very useful for identi-
fication, but the acquisiton of PCR products is relatively
difficult and the preparation of two different primer sets
(MabrpoF-MabrpoR and MF-MR) is required to achieve the
desired results. RIDOM database analysis using sequences of
the ITS region and the 16S rRNA gene will find strains with
higher levels of homology. In contrast, a BLAST search of rpoB
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