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Fig. 3. Detection of vMIP-I and vMIP-1I gene products in a KSHV-infected PEL cell line.
BC-1 and BC-3 cells were treated with TPA for the indicated number of hours, and the
whole-cell extract was prepared after the indicated time post-induction. vMIP-1 and
vMIP-II were detected by Western blotting and IFA with anti-vMIP-1 and -vMIP-II
antibodies. Western blot analysis of protein extracted from BC-3 and BJAB cells
(A), and BC-1 and BJAB cells (B) with either the anti-vMIP-I or the anti-vMIP-1I MAD.
Arrows indicate actin, vMIP-1, and vMIP-II proteins. As expected, the estimated sizes
of the vMIP-1 and vMIP-II proteins, based on comparisons with the migration of molec-
ular size markers, was around 10 kDa. Expression kinetics of vMIP-I (left panel) and
VMIP-II (right panel) in TPA-treated BC-3 (C) and BC-1 (D) cells by Western blot
analysis. BC-1 and BC-3 cells were harvested after 6, 12, 24, 48, and 60h
post-induction. The lysate was subjected to Western blot analysis as in (A).

GvM1-D3, GvM2-Full, GyM2-D1, GvM2-D2, and GvM2-D3 genes
were generated by PCR using the following primer sets: vMIP-I-
1F (5'-ATGAATTCCAGATGGCCCCCGTCCAC-3') and vMIP-I-5R (5'-
CCGTGTCGACCGTCTAAGCTATGGCAGGCAGC-3'); VMIP-I-2F (5'-
ATGAATTCGCGGGGTCACTCGTGTCG-3") and vMIP-1-5R; vMIP-I-3F
(5’-ATGAATTCCCGCCCGTCCAAATTC-3") and VMIP-I-5R; vMIP-1-4F
(5'-ATGAATTCCCAAAACCCGGAGTTATTTTGC-3") and vMIP-I-5R; vMIP-
II-1F (5'-CGGAATTCGTTATGGACACCAAGGGC-3’) and vMIP-II-5R
(5'-GGCAGTCGACTCTTCAGCGAGCAGTGACTG-3"); vMIP-II-2F (5'-
GGGAATTCCTGGGAGCGTCCTGGCATAGAC-3’) and vMIP-II-5R; vMIP-II-
3F (5'- AAGAATTCTTACCACAGGTGCITCTGTCC-3') and vMIP-II-5R; and
VMIP-II-4F (5'-TGGAATTCAAGCCGGGTGTGATATTTTTG-3/) and vMIP-II-
5R. The PCR products were cloned into pCR2.1 (Invitrogen, Carlsbad,
CA) and confirmed by sequencing. The products were digested with the
EcoRI and Sall restriction enzymes and were cloned into pGEX-5X-1
(GE Healthcare). The PCR conditions for all products were as follows: 25
cycles of 94 °C for 1 min, 55 °C for 1 min, and 72 °C for 2 min in a TP480
PCR thermal cycler (Takara Shuzo, Kyoto, Japan).

Immunization and generation of monoclonal Abs against vMIP-I and vMIP-II

In mice, anti-vMIP-I and -vMIP-II antibodies were raised against the
GST-vMIP-I and GST-vMIP-II fusion protein, respectively. These GST
fusion proteins were purified on a glutathione-Sepharose 4B column
(GE Healthcare), and the GST-vMIP-I and the GST-vMIP-II fusion pro-
teins were conjugated to keyhole limpet hemocyanin KLH (Calbiochem.
Co., La]olla, CA). Mice were initially immunized with 250 pg each of the

purified GST-vMIP-1 or -1 fusion protein in Freund's complete adjuvant
administered to the peritoneal cavity, and 200 pg of the antigen in
Freund's incomplete adjuvant were injected again 14 and 28 days
after the first injection. The mice were exsanguinated 7 days after the
lastinjection. To generate MAbs against vMIP-1 and vMIP-II, hybridomas
were established by fusing splenocytes from the hyperimmune mice
using a nonproducing myeloma cell line, Sp-2/0-Ag14 (ATCC, Manassas,
VA). After selection in medium containing hypoxanthine-aminopterin-
thymidine, cells secreting MAbs were screened by immunofluorescence
assays (IFA). The TPA-induced and -uninduced BCBL-1 cells were fixed
in acetone and exposed to supernatants of the hybrid cells. Clones
secreting antibodies reactive with TPA-stimulated BCBL-1 cells were
expanded and isolated by limiting dilutions.

Transfection analysis of vMIP-I and vMIP-II

To express the vMIP-1 and vMIP-II proteins, 293/EBNA cells were
transfected with pCAGGS-vMIP-1 and -vMIP-II plasmids using TransIT-
LT1 (Mirus Bio LLC, Madison, WI). The transfected cells were incubated
for 48 h in DMEM supplemented with 10% FCS. The cells were harvested
and lysed with lysis buffer (0.05 M Tris-HCl [pH 8.0], 0.15 M Nac(l, 0.5%
sodium deoxycholate, 1% Triton X-100, 0.1% sodium-dodecyl sulfate
[SDS]). The cell lysate was fractionated by electrophoresis on 16%
polyacrylamide gel as described below.

Antibodies and Western blotting

The expression of vMIP-1 and vMIP-II in BC-3 cells stimulated with
TPA was determined with MAbs against vMIP-I and vMIP-1], respective-
ly, as noted above. The concentration of proteins extracted from BC-3
cells was normalized using a BCA Protein Assay Kit (Thermo Fisher
Scientific Inc., Rockford, IL). The samples were subjected to SDS-15%
polyacrylamide gel electrophoresis under reducing conditions, and
were electrophoretically transferred to PVDF membranes (Bio-Rad Lab-
oratories, Hercules, CA). The membranes were blocked for 1 h while
being shaken at room temperature in PBS containing 0.05% Tween 20
and 5% w/v nonfat skim mill. The membranes were incubated with a
primary antibody and were then incubated for 1 h with an appropriate
dilution of horseradish peroxidase (HRP)-conjugated goat anti-mouse
IgG antibodies (Santa Cruz Biotechnologies, Santa Cruz, CA). The prima-
1y antibody against actin, anti-actin (Ab-1) mouse MADb, was purchased
from Merck (Merck KGaA, Darmstadt, Germany). The bound HRP-
labeled antibodies were detected with a West Pico substrate kit for
horseradish peroxidase (Thermo Fisher Scientific Inc).

IFA

BC-3 cells (107 cells) in RPMI 1640 medium with supplements were
induced with 25 ng/ml TPA (Sigma Chemical Co., St. Louis, MO). The
cells were collected after 0, 4, 8, 12, 24, 48, and 60 h for analysis of the
expression kinetics, and for cellular localization analysis 48 h after
exposure to TPA. The cells were washed in phosphate-buffered saline
(PBS), pH 7.4, and spotted on glass slides. The spots were air-dried,
then fixed in ice-cold acetone for 10 min. The cells were then washed
with a washing buffer (PBS supplemented with 0.1% Triton X-100) for
15 min, and incubated with either an anti-vMIP-I or an anti-vMIP-II
MADb (diluted 1:100 in IFA dilution buffer [PBS containing 2% bovine
serum albumin, 0.2% Tween-20, and 0.05% NaNs]) for 1h at 37 °C.
Then, the slides were washed with the washing buffer, and incubated
for 1 h at room temperature with a pre-standardized diluted fluorescein
isothiocyanate (FITC)-conjugated goat anti-mouse 1gG (Tago Immuno-
logicals, Camarillo, CA). The slides were washed and stained with 4/,
6’-diamidino-2-phenylindole (DAPI) to detect nuclei and were
mounted with 50% (v/v) glycerol in PBS. For formalin-fixed paraffin-
embedded tissues, antigen retrievals were performed on the de-
paraffined sections using citrate buffer. Alexa 488 or 568-conjugated
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Fig. 4. Expression of vMIP-I and vMIP-II in BC-3 and BC-1 cells by IFA. After 4, 8, 12, 24, 48, and 60 h, BC-3 (A) and BC-1 (B) cells were labeled either with the anti-vMIP-I (upper) or
the anti-vMIP-II (lower) MAD followed by goat anti-mouse FITC-conjugated Abs. FITC photomicrographs showing anti-vMIP-I and anti~vMIP-II immunoreactivity in BC-3 and BC-1
cells treated with TPA. (C) Cellular localization of vMIP-I and vMIP-II in BC-3 (C) and BC-1 (D) cells. The cells were stained with DAPI (a, d, g and j), and the localization of vMIP-I and
VMIP-II was visualized by IFA with anti-vMIP-I or -vMIP-Il MAbs (b, e, h and k); panel a and b, d and e, g and h, and j and k were merged (c, f, i and 1). Fluorescence photomicro-
graphs revealed anti-vMIP-I and -vMIP-1I immunoreactivity using FITC-conjugated anti-mouse IgG MAb.

anti-mouse or rabbit antibodies (Invitrogen) were used as the Immunohistochemistry

secondary antibodies. Confocal microscopic analysis was performed

(FV-1000, Olympus, Tokyo, Japan), and the contrast was adjusted Formalin-fixed paraffin-embedded tissues from KS and MCD patients,
before the images were exported as TIFF files to Adobe Photoshop. and those from an animal model of KSHV-associated solid lymphoma
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Fig. 5. Expression of vMIP proteins in KSHV-associated diseases. (A-C) Hematoxylin and eosin staining and immunohistochemistry for vMIPs in serial sections of a tissue sample
from a patient with MCD. Brown stains indicate positive signals. The nucleus was counter-stained by hematoxylin. (D and E) Higher magnification view of vMIPs expression in an
MCD case. Some large lymphocytes in the mantle zone were stained, (F and G) vMIP-I and vMIP-1l expression in a KS sample. (H and I) Expression of vMIPs in an animal model of

KSHV-associated lymphoma in SCID mice.

were sectioned and stained with hematoxylin and eosin (H&E). Immuno-
histochemistry of the serial sections was performed with either the anti-
vMIP-I or -l MAb. For the second- and third- phase reagents used for
immunostaining, a CSAIl kit (DAKO, Copenhagen, Denmark) was used.
An animal model of KSHV-associated solid lymphoma, which was estab-
lished as described previously (Katano et al., 2000Db), was also subjected
to immunohistochemical analysis. Briefly, TY-1 cells were inoculated
into the subcutaneous tissue of mice with severe combined immunodefi-
ciency (SCID). One month after inoculation, lymphomas appeared in the
subcutaneous region at the inoculation site. Lymphoma cells contained
the KSHV genome, and expressed various viral proteins of KSHV
(Katano et al., 2000b).

Table 1
Expression of vMIP-I and vMIP-II in MCD and KS tissue samples.

KSHV proteins, (+)/total

Cases vMIP-T VvMIP-1I
MCD (3)/3 (3)/3
KS (0)/5 (2)/8

Chemotaxis assays

Chemotaxis assays were performed as described previously
(Nakano et al., 2003). Briefly, THP-1 cells were washed twice with
chemotaxis buffer, 0.5% bovine serum albumin, 20 mM HEPES, pH 7.4,
in RPMI 1640. Migration of cells was assessed in a cell culture chamber
(Costar, Cambridge, MA), with the upper and lower compartments
separated by a 3 pm pore size polycarbonate filter (???). The lower
compartment of the chamber was filled with dilutions of vMIP-I,
vMIP-II (R&D Systems, Minneapolis, MN) or with PBS alone, and/or
with each 10pg/ml anti-vMIP-I or -vMIP-Il MADbs at a volume of
600 . The upper compartment contained 100 pl of THP-1 cell suspen-
sions in chemotaxis buffer (10° cells/well). The chambers were then
incubated for 4 hours at 37 °C, 5% CO,, and spun at 300 x g, 4 °C, for
5 min. Finally, the cells from the lower compartment were counted.

Results
Specificity of the anti-vMIP-I MAb and the anti-vMIP-II MAb

In order to check specificity of the MADs, we transfected vMIP-1 and
VMIP-1I expression vectors (pCAGGS-vMIP-], and -1I) into 293/EBNA
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Fig. 6. (A) Expression of vMIPs. LANA1 and ORF59 in the animal model of KSHV-associated solid lymphoma by confocal microscopy. vMIPs were labeled with Alexa 488 (green).
LANA1 (upper panels) and ORF59 (lower panels) were labeled with Alexa 568 (red). (B) Expression of vMIPs in MCD. (a) HE staining and immunohistochemistry of LANAT and
ORF59. (b-e) Immunofluorescence assay on MCD lesion. A germinal center is shown in the center of each panel. This case is KSHV-positive large B cell lymphoma arising in

MCD (for interpretation of the color references in this article, the reader is referred to the online version).

cells, respectively. The total lysate of the transfected cells was subjected
to Western blot analysis. vMIP-I and vMIP-II proteins were detected
with anti-vMIP-1 or vMIP-Il MAbs, respectively (Fig. 1). These anti-
bodies did not show cross-reactivity each other.

Epitope mapping of the anti-vMIP-I and anti-vMIP-II MAbs

We established hybridoma clones secreting MAbs against vMIP-I
and vMIP-II, respectively. To map the regions of vMIP-I and vMIP-II
where anti-vMIP-I and anti-vMIP-II antibody reacted, a series of GST-
fused VMIP-I and vMIP-II deleted proteins were constructed as
described in Fig. 2C and F, and used for Western blot analysis with an
anti-GST antibody (Santa Cruz Biotechnology Inc), (Fig. 1A, D) and the
anti-vMIP-I or the anti-vMIP-II (Fig. 1B, E) antibody, respectively. The
results showed that all GST-vMIP-I and GST-vMIP-1I fusion proteins
interacted with the anti-GST antibody (Fig. 2A, D) and showed that
GvM1-Full, GyM1-D1, and GvM1-D2 reacted with the anti-vMIP-I anti-
body, whereas GvM1-D3 did not (Fig. 1B), and GvM2-Full and GyM2-D1
reacted with the anti-vMIP-II antibody, whereas GvM2-D2, and GvM2-
D3 did not (Fig. 2E). Thus, these results demonstrated that an anti-
VMIP-I MAbs was successfully generated and suggest that the amino
acid residues 61 to 95 of vMIP-I could be a major epitope reacted with
the anti-vMIP-I antibody. On the other hand, the amino acid residues
24 to 42 of vMIP-II could be an epitope reacted with the anti-vMIP-II
antibody.

Expression of vMIP-I and vMIP-II in the KSHV-infected PEL cell line

We tested vMIP-I and vMIP-II expression in KSHV and Epstein Barr
virus (EBV) dually infected PEL cell lines (BC-1), KSHV infected PEL

cell lines (BC-3) and in non-infected Burkitt's lymphoma cell line
(BJAB), and detected them in TPA-stimulated BC-3 and BC-1 cells with
developed antibodies, but not in BJAB cells non-stimulated BC-3 or
BC-1 cells (Fig. 2A, B). In a KSHV infected PEL cells, BC-1 and BC-3,
vMIP-I and vMIP-II were detected around at 10 kDa, which matches
the size deduced from amino acids length (Fig. 3C, D). Actually, vMIP-I
was detected from 6 hours post induction and vMIP-II was at 24 hours
in BC-3 cells (Fig. 3C), and vMIP-I and vMIP-II were detected at 24 h
in BC-1 cells (Fig. 3D). In the immunofluorescence microscopy, the
number of vMIP-II expressing cells seemed to be more than that of
vMIP-I in BC-3 cells (Fig. 4A, B). In order to analyze the cellular localiza-
tion of vMIP-I and vMIP-II protein, BC-3 and BC-1 cells stimulated with
TPA were doubly labeled with DAPI (Fig. 4C, a, d and D, g, j), and either
the anti-vMIP-I MADb (Fig. 4C, b and D, h) or the anti-vMIP-II MAb
(Fig. 4C, e and D, k). Merged images were shown in Fig. 4C, ¢, f, and D,
i, 1). The vMIP-I and the vMIP-II clearly showed cytoplasm and possibly
membranes in TPA-induced BC-3 and BC-1 cells (Fig. 4C, b, e, and D,
h, k).

Expression of vMIPs in KSHV-associated diseases

To know the expression of vMIPs in KSHV-associated diseases, im-
munohistochemistry for vMIPs was performed on pathological samples
of eight KS cases, three MCD cases, and the animal model of KSHV-
associated solid lymphoma (Fig. 5). Immunohistochemistry demon-
strated that vMIP-I and vMIP-II were detected in some cells in the man-
tle zone of germinal center and the interfollicular zone in KSHV-positive
MCD samples (Fig. 5A to E). Both vMIP-I and vMIP-II were detected
predominantly in the cytoplasm of large lymphocytes. The numbers of
positive cells varied among three MCD cases examined. On the other



164

K. Nakano et al. / Virology xxx (2012) xxx-xxx 7

140+

py
N
o
L

100+

o0
o
1

=23
(=]
1

™
ey

F
2
Z

=
o
L
AN
R

Number of Migrated Celis

TR
32

204

TN

RN

T
SN

-9 -8 -7
Log [VMIP-I] (M)

1PBS e vMIP-l BZVMIP-] + anti-vMIP-1 Ab

s — -
o ~ o n o1
[=1 o (=} L4 i=}
i L 1 1 I

Number of Migrated Cells
N

w

L

-9 -8 -7
Log [vMIP-1I] (M)

£IPBS e vMIP-I EZ3 vMIP-IL + anti-vMIP-11 Ab

Fig. 7. Neutralizing activity of anti-vMIP-I and -vMIP-Il MAbs. THP-1 cell migration in
response to increased concentrations of vMIP-I and vMIP-1[ (1, 10, 100 nM), and the neu-
tralizing activity of 10 pg/ml anti-vMIP-1 and -vMIP-Il MAbs against vMIP-1 and vMIP-II
were measured, as outlined in Materials and Methods, by using the transwell migration
assay system. Various doses of vMIP-I and vMIP-II were tested for their ability to induce
the chemotaxis of THP-1 cells. The data presented are from one experiment, and are
representative of the triplicate experiments performed. The error bars indicate the
standard deviations of three independent experiments.

hand, any positive signal of vMIP-1 was not observed in all KS cases
(Fig. 5F, G). vMIP-II was rarely detected in the cytoplasm of spindle
cells in two KS cases at the nodular stage out of eight KS cases. In the
samples of animal model of KSHV-associated solid lymphoma, both
vMIP-I and vMIP-II were detected in the cytoplasm of a part of lympho-
ma cells (Fig. 5H, I). These data showed that vMIP-I and vMIP-II were
expressed in cells in MCD and KSHV-associated lymphoma, but vMIP-
Il was rarely in KS (Table 1). To know the association of vMIPs expres-
sion with expression of other KSHV-encoded proteins, we examined
immunofluorescence assay on KSHV-associated diseases. Since, all
KSHV-infected cells express LANA1, vMIPs-positive cells were positive
for LANA1. However, expression pattern of LANA1 showed diffuse
nuclear staining in vMIPs-positive cells in the animal model of KSHV-
associated solid lymphoma (Fig. 6A). Confocal microscopy revealed
that vMIP-I stain showed usually cytoplasmic pattern, but rarely diffuse
nuclear staining pattern in vivo. Almost all cells with vMIPs expression
were also positive for ORF59 protein, a lytic protein of KSHV. IFA also
demonstrated that vMIPs-positive cells expressed LANA1 at various
levels in MCD clinical samples (Fig. 6B, a to c). A large portion of
vMIPs-positive cells also expressed ORF59 protein in MCD (Fig. 6B, d,
e). These data suggest that vMIPs are expressed by cells with KSHV-
lytic infection in KSHV-associated MCD and lymphoma.

Neutralization of vMIP-I and vMIP-II by anti-vMIP-I and anti-vMIP-Il MAbs

We examined whether the anti~vMIP-I and anti-vMIP-1I MAbs could
neutralize the chemoattractant of vMIP-I and vMIP-II to induce the
migration of THP-1 cells. As expected, vMIP-1 and vMIP-II induced
migration of THP-1 cells (Fig. 7A, B), but not with PBS alone. However,
anti-vMIP-I and anti-vMIP-II MAbs inhibited respective vMIP-I
and vMIP-Il-induced cell migration of THP-1 cells at 10 pg/ml final
concentration.

Discussions

It was known that KSHV encodes three chemokine genes of the
so-called viral macrophage inflammatory proteins: vMIP-I, vMIP-1I,
and vMIP-Ill in the genome. Analysis of the translated amino acid
sequence indicate that the vMIP-I and vMIP-II gene have four conserved
cysteines capable of forming two essential disulfide bonds (first cyste-
ine and third cysteine, and second cysteine and fourth cysteine). The
family of chemokines comprises CC, CXC, C, and CX3C subfamilies. The
VMIP-I and vMIP-II have four cysteines, the first two of which are
found in the sequence of CC, which correspond to the CC profile.
These gene products were expressed in the phase of KSHV lytic infec-
tion (Moore et al., 1996; Sun et al., 1999). Both vMIP-1 and vMIP-II
were expressed in a KSHV-infected cell lines, BC-3, which had been
treated with TPA. Mono-specific polyclonal Abs against vMIP-[ and
vMIP-1I have been described in previous studies that investigated the
localization of vMIPs in PEL cells (Nakano et al., 2003). In the present
study, we developed the respective MAbs that reacted either with
KSHV vMIP-1 or vMIP-II. We first applied these MAbs against KSHV
VMIP-I and vMIP-II to detect KSHV-infected BC-3 and BC-1 cells by
Western blotting and immunofluorescence assay. The Western blot
analysis revealed that both the anti-vMIP-I and the anti-vMIP-II MADbs
reacted to the 10-kDa proteins considered specific to the respective
VMIP protein. The anti-vMIP-I MAb was shown to be reactive with the
epitopes in the middle of the protein (sequence, PPVQILKEWYPTSPAC),
and the epitope of the anti-vMIP-Il MAb was shown to be reactive at the
N-terminal end (sequence, LGASWHRPDKCCLGYQKRP). Further immu-
nofluorescence analysis of the cellular localization of both vMIP-I and
vMIP-1I with anti-vMIP-I and anti-vMIP-Il MAb showed a cytoplasmic
pattern of expression in BC-3 and BC-1 cells. As the results indicated
that these gene products were expressed in the cytoplasm, it might be
located at the KSHV-infected BC-3 or BC-1 cells membrane prior to
secretion. An investigation of the antigenic specificities of MAbs against
KSHV vMIP-I and vMIP-II in MCD and KS patients has not yet been
reported. Here, immunohistochemical analysis detected only vMIP-II
in samples from both KS and MCD patients, but vMIP-I was not detected
in KS cases: however, both vMIP-I and vMIP-II proteins were expressed
in some cells in the interfollicular zone of MCD tissues. Lytic proteins of
the KSHV such as K8, RTA, and ORF59 have been detected in large lym-~
phocytes in the mantle zone of MCD cases (Dupin et al., 1999; Katano
et al., 2000a). The expression of VMIPs showed a similar pattern to
that of the lytic proteins in MCD tissues. In contrast, lytic protein expres-
sion, including that of vMIPs, was rare in the KS lesions (Abe et al.,
2006). In the present study, we demonstrated that vMIPs were
expressed in the cells expressing ORF59 protein. Thus, our data clearly
indicated that the expression of VMIPs is associated with lytic infection
in individual cells affected by KSHV-associated diseases. Human mono-
cytic cell line THP-1 respond to various chemokines suggesting that
they express receptors for these chemokines (Wang et al,, 1993). Previ-
ous study, vMIP-I and vMIP-II were shown chemotaxis in THP-1 cells
(Nakano et al., 2003). It has been reported that vMIP-1 acts as a specific
agonist for CC chemokine receptor 8 (CCR8) (Dairaghi et al., 1999;
Endres et al,, 1999) and vMIP-II shows a Ca®* flux as a specific agonist
for CCR3 (Boshoff et al, 1997). Our data showed anti-vMIP-I and
anti-vMIP-II MAbs were able to neutralize vMIP-I- and vMIP-1I-
mediated chemotaxis in THP-1 cells. However, neutralizing activities
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of anti-vMIP-I MAb was apparently low, even the addition of 10 pg/ml
MAbs. These findings support the assumption that anti-vMIP-I and -
vMIP-II MAbs-blocked chemotaxis in THP-1 cells act through binding
to the certain amino acid residue of vMIP-I and vMIP-IL

In summary, MAbs developed specifically for this series were used to
detect vMIP-1 and vMIP-II in MCD and KS tissues, which may account for
certain clinical features of MCD and KS. To gain a better understanding
of these important viral genes, additional studies will be needed that
focus on revealing vMIP-1 and vMIP-II expression profiles during lytic
infection. Taken together, these studies provide an insight into the path-
ogenesis of the contribution of vMIP-I and vMIP-II to the lytic induction
of KSHV. These MAbs could serve as useful tools to clarify the pathogen-
esis of KSHV-related diseases.
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Plasma Concentrations of Efavirenz and Tenofovir in Overdose

Yuki Omsur™*, Hitoshi Anpo®, Masaaki Taxamasar”, Soichiro Takanama®,

Jyunichi KIYASU4), Rumi MINAMI4), Makoto ISHIBASHII), and Masahiro Yamamoro*

" Department of Pharmacy, National Hospital Organization Kyusyu Medical Center,
2 Department of Rare Disease Research, Institute of Medical Science,
St Marianna University School of Medicine, :
¥ Department of Pharmacy, National Hospital Organization Nagoya Medical Center,
# Department of Clinical Research Center, National Hospital Organization Kyusyu Medical Center

)

Case : A 29-year-old Japanese male with HIV infection had been followed up at Kyusyu
Medical Center under ART with Efavirenz (EFV) and Tenofovir (TDF)/Emtricitabine. He took
18,000 mg of EFV (90 tablets) and 9,000 mg of TDF (30 tablets) with suicidal intent. At 24 h,
plasma EFV concentration was 6,860 ng/mL, which was 8-fold higher compared with trough
value (800 ng/mL) at single-dose administration. After 96 h, plasma EFV concentration de-
creased to 860 ng/mL. The elimination half-life of EFV was not prolonged in this case. In
contrast, plasma TDF concentration was 310ng/mL at 24 h and then increased to 370 ng/mL after
48 h. This value was 12-fold higher compared with trough value (30 ng/mL) at single-dose
administration. After 96 h, plasma TDF concentration decreased to 30 ng/mL. This data suggests
that the elimination half-life of TDF will be prolonged in overdose.

Conclusion : In this case, activated charcoal was available for adsorption of EFV. However, it
was not suitable for adsorption of TDF, because TDF has a strong affinity for water. To excrete
TDF from the body, an intravenous saline hydration was effective, A temporary increase of CK-
MB may be caused by an igjury of cardiac muscle.

Key words : ART, EFV, TDF, overdose
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CASE REPOR!
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(immune reconstitution inflammatory syndrome :
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Slbivbiit, R — VRO HH HIV
WHEAETL, # 260 ARICIRIS L& X 5
Graves #i % J6fE L M 2 BB L 2O THRET
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HE 5

iE I 46 5E, B

E K CME TN, AREWD.

SREEREE | SCITBEIRNE, WL, didElis.

BEGERE | 1989 4R 1T C BIFF 4.

BERE O A oS8 L2 JEmEum ik
AT HIV IR L, 1998 44 53 HIV %
OBt L. R (REEME N T v 2) 070 A AR
HAE LD, RERLZZFRINMBETH o .
WHIVHEDEZ Y 5 AR RO -0, 2004

AL CD4 BEEMEESRAS LI LD,
2007 4 7 BiZik s/l &), Za—EYRXF A
Mg s L. =a— Ty AFAMEGHER
9 H® 4 » 5 sanilvudine (d4T) - darunavir
(DRV) - ritonavir (RTV) - raltegravir (RAL) i & %
AR VIR IR L 2. BRI RIERTT,

* A Case of Graves’ Disease as Immune Reconstitution Inflam-
matory Syndrome.
** M. Konishi (% H#38), Y Katanami, S. Kutsuna, K. Uno, K.
Mikasa (H3%) | ZREVIESAFRIEEL Y 5 —.

o bR g — 29 B &
g R = A EE

HIV-RNA & 1n BRI HRILBS R & %
Y, CD4 BRMEMINEECY 14EHITIE 200/ BLE%
G R N N e A

FOBIFIRITEE L T8, 2009 4 11 AR
S O, WFE, T, HR, AERDH
NERMBEL 72, 12 7 OHLHZ 75 OB © R
BT HEEON R R 20, MAENRANT
12 A Falc Al L7,

ARBSEFR | B8 170com, FE 63kg, I
[T 120/78 mmHg, J&HH 112/min - %, /5iR 37.0TC.
PRI LR EEE A U, WEISHEIC/ANE RO 8
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ABREERR (Table 1) : BEOH M & T4
HERESE & 2%, CD4 Bl $iid 356/, HIV-
RNA R U d o 72, TSHIZKTL, FT3,
FT4 133 L Tva/z. $5 TPO Pifk, ¥ TSH %24
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By 7574 Ta— FENEE 594% & T7T
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K&, WEST o — By —TdH - 7.

BRERERIA (Fig. 1) © 2009 4F 4 B 297 o 22 HURR
BTG IEEMTH - o5, AREHCIE FIRER
BEEE R b/, T/, L TSH S8 M46E40s
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Graves ¥ & 0T L 72, 2008 4F 9 A ORFENLIE %
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L HIV RS L4275, thiamazole (MMI)
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Table 1. ARKRERR

S LDH 2481U/1| HBs#E (=}
WBC 5,200/l | CK 581U/l HCV #itk (+)
EFeRER 319% ] BUN t5mg/dl| HCV-RNA 5.7 loglu/mi
SFEEER 1% ]| Cre 0.50 mg/di | FRRERE
gk 499 | T-cho 127 mg/dl] TSH <0.03 pli/mi
=554 19% | TG 172mg/dl| FT3 19.4 pg/mi
RBC 397 x10%ud | Glu 99mg/di| FT4 8.04 ng/mi
Hb 12.8g/di| CRP 0.1mg/dl| i Tg Ik =0.3U/mi
Ht 38.09 | HIV BERsE 1 TPO #i1E 8.5 U/m!?
Pit 158x10%ull  CD4* 356/ul) WISHBHERE  18.010/1
FRIn 10mm/1hr | CD8* 796/pl | ERIRBRHIEAF 350 %

e HIV-RNA HHET | O NEERE 5949
AST 401IU/1 | FRR D LA BE
ALT 471U/t HBs #ik {+)

20074 | 20084 20094 ) 2010% , 20114
s d4T--DRVARTVARAL >
30 2061510 15 1075
MMI {mg/day) >
BE
CDa* (/6‘58_
500
400+
3004
200
100+
0
MIV-RNA  7.7x10%  HHBRsES -
{(Jg—/mb
TSH (uU/md 154 <0.03 024 <003 006 208
FT3 (pg/mi) 35 >20.0 55 84 35 34
FT4 (ng/dh 112 506 126 213 104 12}
#1 TSH SR8 (U/D <10 180 602 211 91 586
FTPO Hidk (U/mi) <03 85
FLRBRRIBER (%) 52 350

Fig. 1. AR

30mg/day PRS- FRKB L. ¥ 2 AMCEHERE
REHEL, FOBRFEPHO TR, FIRKE
B2 2055 MMI 2E L, B 7.5 mg/

2011 £ 4 AIZX 5.8 IU/1 L o T\ 5B,
£ f=

day &% o TWwA. #i TSH SHEMAHAEE MM 2
5#3 55 A LA L%, L#idRS Lk,
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TR 522 2B AHY. ZHEH HIV B
Lo T HIV BRI & RiEfot ey,
RPIAAAETS B IR IS 2 SN0 % TR IS 2558
CHEEEINATDOIAELEIEEZLRTHS.
ZFD, TOBSIL RIS LIFECwS, IRIS
D FEFEME LB HIV BP0 16.1(3~39)% &
WMESNTWEY, TOFFIROE L HHR RS
FETH DA, & EZEHAILIES R H O REK
BAERETHZE LD H.

bbb OB L 2z fEpli, HIRIRREE % R

Wed A WER & OREIR, AR EFIRIR OV E i
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F5 574 THA— FEPETHEL BT,
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ECH YL HIV IBFHICEE L7810 CD4 Bk
AIREADEM U 7R TREBL T D I b,
IRIS & L CTH84E L 7= Graves 95 & # % 7=, 1998 4E
{2 Gilquin 5957 IRIS (2 & % Graves D 3 JEH
WS L, BOLRMOMIHER I Z T B0,
OAETD, 2003 FIFAHPA5E U THEPIH
HL, TOBRFRBEPBASINL L) EoT
més).
RIS & & % HFI R SE R, B0 HIV RO M
B ZEE 3 ALUNICRET 5 I LW 0,
Graves fitL A DY 1 AELL LR L CTREET A &
BIHENTWaY, REFS I HIV EHF-EEL
T 264 BEI Graves BEFERELTH Y, E»0
EM#HE ML TWwaB, IRIS 12X % Graves 7§
AL HIV IRRMAE 1 AU R L TR
T B0, WERHECIRESA T2V, L
ML, B HIV &8O CD4 Bl EER,
LTAEY — T AN LIED, 65 A7
Pl LARIE, 74— 7 T RSN LED
BT EFBHENTE, AEY— T Hillgodgh
T ARG HAREESE, 4 — 7 T fillao ks
T BRI ERERED IRIS & LT3E
THERBEERTVABY, REFTIE, Graves #

SEHEWT OTRAT I O B OV BRETH Y, 20
% 14» ABCHEErEE S TS, L
L, T 147 AT CD4 Bl B0/ 2 1
INASH BB DI THAS Graves FRISHE DEBET
HHEPESHEHLPICTELEND 5.

DAFETIE W E 2212 AIDS (acquired immunode-
ficiency syndrome) & 559 L C 4 & R % 32
BT HIEBNL . Lo L, B HIV RHEAES L
72T, FELRBIEAIKETH - T RIEIRE
ZEL, RUAHFEITEER-TwA, 07
O, HIV &G O EFEER I RIS X 5
Graves Hi % #8952 L A 2 T L B[ gEHE At
HY, TOZEEMELTHBRT HLEF DL L
ERDH.
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In recent years, many novel nontuberculous mycobacterial species have been discovered through genetic analysis. Myco-
bacterium massiliense and M. bolletii have recently been identified as species separate from M. abscessus. However, little is
known regarding their clinical and microbiological differences in Japan. We performed a molecular identification of stored
M. abscessus clinical isolates for further identification. We compared clinical characteristics, radiological findings, micro-
biological findings, and treatment outcomes among patients with M. abscessus and M. massiliense lung diseases. An analy-
sis of 102 previous isolates of M. abscessus identified 72 (71%) M. abscessus, 27 (26%) M. massiliense, and 3 (3%) M.
bolletii isolates. Clinical and radiological findings were indistinguishable between the M. abscessus and M. massiliense
groups. Forty-two (58%) patients with M. abscessus and 20 (74%) patients with M. massiliense infections received antimi-
crobial treatment. Both the M. abscessus and M. massiliense groups showed a high level of resistance to all antimicrobials,
except for clarithromycin, kanamycin, and amikacin. However, resistance to clarithromycin was more frequently observed
in the M. abscessus than in the M. massiliense group (16% and 4%, respectively; P = 0.145). Moreover, the level of resis-
tance to imipenem was significantly lower in M. abscessus isolates than in M. massiliense isolates (19% and 48%, respec-
tively; P = 0.007). The proportions of radiological improvement, sputum smear conversion to negativity, and negative cul-
ture conversion during the follow-up period were higher in patients with M. massiliense infections than in those with M.
abscessus infections. Patients with M. massiliense infections responded more favorably to antimicrobial therapy than those
with M. abscessus infections.

MATERIALS AND METHODS
Study population. We retrospectively reviewed the medical records of

ycobacterium species are common causes of pulmonary
infections in both humans and animals (14). Although

members of the Mycobacterium tuberculosis complex cause the
majority of pulmonary infections worldwide, many nontuber-
culous mycobacteria (NTM) can cause similar infections (13,
20). In recent years, many novel NTM species have been dis-
covered through the increased application of genetic investiga-
tion tools; detailed genetic characterizations have helped define
new taxonomic groupings (17, 29). Recently, two new M. ab-
scessus-related species, M. massiliense and M. bolletii, were
identified, which were previously grouped with M. abscessus (1,
3). The rate of isolation of these two species has been increasing
in Japan. However, very little is known about the natural epi-
demiology and pathogenicity of M. massiliense and M. bolletii
outside outbreak situations. One report found that the ratio of
M. abscessus to all NTM is much higher in South Korea (19)
than in other countries, including Japan.

Here, we aimed to evaluate the epidemiology, clinical and ra-
diological spectrum, treatments, drug susceptibility, and outcome
of M. abscessus and M. massiliense lung diseases during therapy in
Japan.
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patients initially diagnosed with M. abscessuslung disease according to the
2007 American Thoracic Society/Infectious Diseases Society of America
(ATS/IDSA) guidelines (16) between January 1990 and December 2010 at
12 hospitals or institutions in Japan. These M. abscessus species were
thereafter identified as M. abscessus, M. massiliense, and M. bolletii. Clin-
ical, radiological, microbiological, management, and outcome data were
collected from medical files. Permission was obtained from the institu-
tional review board committee of Hokkaido Social Insurance Hospital
(approval number 2011-11). Informed consent was waived because of the
retrospective nature of the study.
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Microbiological examination. Sputum or bronchoalveolar lavage
fluid was used for smears and mycobacterial cultures according to stan-
dard methods (5). Any processed specimens that remained were stored at
2°C to 8°C for the duration of culturing in the study to allow the retesting
of the specimens that showed a discrepancy in results between culture
growth and preliminary identification by a DNA-DNA hybridization
(DDH) mycobacterium kit (Kyokuto Pharmaceutical Industrial Co., To-
kyo, Japan). Samples were cultured by using the Bactec MGIT 960 system
or Ogawa solid medium, and the isolates were stored at —30°C to —80°C.
M. abscessus species were preliminarily identified by microplate DDH
technology using the DDH mycobacterium kit (21) at each hospital or
institution. We collected all frozen isolates for multisequencing and sus-
ceptibility testing. Frozen isolates were recultured by using the MGIT 960
system and Ogawa solid medium and checked for contamination by
growth on p-nitrobenzoic acid agar medium.

Further differentiation among M. abscessus species was performed at
the Department of Mycobacteriology, Leprosy Research Centre, National
Institute of Infectious Discase, and the Kobe Institute of Health. Se-
quences of clinical isolates which were previously identified as M. absces-
sus by DDH were compared with the reference M. abscessus (JCM
15300%), M. massiliense (JCM 13569%), and M. bolletii (JCM 152977)
strains. The majority of the 16S rRNA gene, partial aspects of the hsp65
and rpoB genes, and the 165-23S rRNA internal transcribed spacer (ITS)
region were amplified by PCR using AmpliTaq Gold DNA polymerase
(Applied Biosystems, Foster City, CA) and primers described previously
(22). The PCR products were sequenced with the BigDye Terminator v3.1
cycle sequencing kit (Applied Biosystems) on an ABI Prism 310 genetic
analyzer (Applied Biosystems). Sequences were analyzed for their similar-
ity to sequences in the GenBank database by using BLAST (http://www
.ncbinlm.nih.gov/BLAST).

Antimycobacterial susceptibility testing was performed at the Na-
tional Hospital Organization Kinki-Chuo Chest Medical Center (Osaka,
Japan). Susceptibility was determined by MIC methods using the Etest
and broth microdilution.

Etest. Isolates of rapidly growing mycobacteria (RGM) were mailed
on Ogawa slant medium and subcultured on 5% sheep blood agar at 35°C
in ambient air for 72 h. Bacterial suspensions were prepared in cation-
adjusted Mueller-Hinton broth (Eiken Chemical, Tokyo, Japan) to a 1.0
McFarland standard and plated onto cation-adjusted Mueller-Hinton
agar. Etest strips (Sysmex bioMérieux, Tokyo, Japan) were placed onto
Mueller-Hinton agar (Becton Dickinson, Fukushima, Japan) according to
the manufacturer’s instructions, and the results were read after 72 h of
incubation. Final concentration ranges were 0.016 to 256 pg/ml for iso-
niazid (INH) and ethambutol (EB); 0.002 to 32 pg/ml for rifampin (REP),
ciprofloxacin (CPFX), and moxifloxacin (MFLX); and 0.064 to 1,024
g/ml for streptomycin (SM). Susceptibility was evaluated according to
Clinical and Laboratory Standards Institute (CLSI) breakpoint recom-
mendations (8, 37) and those proposed previously by Woods et al. (36),
Wallace et al. (33), Yang et al. (38), and Swenson et al. (27, 28).

Broth microdilution. Serial double dilutions of clarithromycin
(CAM), kanamycin (KM), amikacin (AMK), and imipenem (IPM) were
prepared at a concentration range of 0.015 to 64 pg/ml according to CLSI
recommendations (37). Briefly, pure colonies were cultured in 7H9 broth
with 0.2% glycerol in a tube for 3 to 5 days, vigorously vortexed, and then
adjusted to a density equivalent of 0.5 on the McFarland scale. Bacterial
suspensions in cation-adjusted Mueller-Hinton broth were transferred
into the wells of dry microdilution plates containing the antimicrobial
agents (Eiken Chemical). The inoculated plates were placed into plastic
bags, incubated at 35°C in ambient air, and read after 72 h. The MIC was
defined as the lowest concentration of drug that inhibited visible growth.
Susceptibility was evaluated according to CLSI breakpoint recommenda-
tions (8, 37) and those proposed previously by Shen et al. (24).

Data analysis. The results are expressed as ranges and means or as
numbers of patients. Categorical variables were analyzed by using the x*
or Fisher’s exact test. Continuous variables were analyzed by using the
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Mann-Whitney U test or ¢ test. All P values are two sided; a P value of
<0.05 indicates statistical significance. Statistical analyses were per-
formed by using Excel 2011 (Microsoft) with the add-in software Statcel 3
(OMS Publishing Inc., Saitama, Japan).

RESULTS

Identification of clinical isolates. Clinical isolates from 102 pa-
tients previously diagnosed with M. abscessus lung disease by
DDH were identified by sequence analysis of the 16S rRNA, hsp65,
rpoB, and I'TS genes. Seventy-two (71%) isolates were identified as
M. abscessus, 27 (26%) were identified as M. massiliense, and 3
(3%) were identified as M. bolletii.

Patient characteristics. We compared clinical characteristics
and treatment outcomes among the 72 patients with M. abscessus
and 27 patients with M. massiliense infections. Patients with M.
bolletii infection were not included for further study because of
their small number.

Table 1 summarizes the baseline characteristics of the patients.
No significant differences were found between the M. abscessus
and M. massiliense groups in any of the baseline characteristics,
including demographic data, underlying conditions, and respira-
tory symptoms. The distributions of radiographic disease types
were similar in both groups, except for bronchiectasis. Bronchiec-
tasis was significantly more frequent in the M. abscessus group
(73%; 40 of 55) than in the M. massiliense group (43%; 10 of 23)
(P = 0.014). None of these patients tested positive for HIV.

Drug susceptibility. Table 2 shows the drug susceptibility re-
sults for 63 M. abscessus and 23 M. massiliense isolates, and Table
S1 in the supplemental material shows the MIC distributions of
the strains. The drug was determined to be effective against an
isolate if the MIC of the antimicrobial agent was less than the
susceptible concentration, as shown in Table 2. Of the parenteral
antibiotics, KM and AMK were effective against most M. abscessus
isolates (95% and 94%, respectively) and M. massiliense isolates
(100% for both), with no difference between the species (P =
0.388 and 0.509, respectively). However, SM was ineffective
against both M. abscessus (67%) and M. massiliense (61%) isolates
(P = 0.617). Moreover, the rates of IPM drug resistance were
significantly higher in M. massiliense than in M. abscessus isolates
(48% and 19%, respectively; P = 0.007).

Of the oral antibiotics, CAM was effective against most M.
abscessus and M. massiliense isolates (84% and 96%, respectively;
P = 0.145). In contrast, MFLX, CPFX, and RFP were ineffective
against most M. abscessus (92%, 95%, and 97%, respectively) and
M. massiliense (96%, 91%, and 100%, respectively) isolates, with
no difference between the species (P = 0.488, 0.883, and 0.534,
respectively). We could not interpret the INH and EB susceptibil-
ities because no breakpoints have been established for these drugs.

Antimicrobial treatment and response. Of the 102 patients,
42 (58%) with M. abscessus, 20 (74%) with M. massiliense, and 2
(67%) with M. bolletii infections received antimicrobial treatment
for 3 to 178 months (mean = 33 months), 1 to 122 months
(mean = 36 months), and 4 to 68 months (mean = 36 months),
respectively. Forty-two patients with M. abscessus lung disease and
20 patients with M. massiliense lung disease were analyzed for
treatment response (Table 3). Radiographic improvement rates
were lower for patients with M. abscessus infection than for those
with M. massiliense infection (29% and 48%, respectively; P =
0.101).

Microbiological responses also differed between the two
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TABLE 1 Clinical characteristics of patients with Mycobacterium
abscessus and M. massiliense lung disease

Value for group
M. abscessus M. massiliense
Characteristic® (n=72) (n=27) Pvalue
Age (yr) [range (mean)] 27-94 (68) 44-84 (67) 0.637
No. of males/no. of females 26/45 13/13 0.233
Mean body mass index 19.5 18.8 0.699
(kg/m?)
No. of patients with symptom
Cough 25 9 0.931
Sputum 22 9 0.759
Hemoptysis 14 8 0.262
Fever 8 5 0.905
Dyspnea 4 5 0.057
No. of patients with
underlying disease
Previous pulmonary 12 7 0.297
tuberculosis
NTM (MAC) 15 4 0.516
Mycosis 4 2 0.798
Interstitial pneumonia 4 2 0.803
COPD 3 2 0.879
Diabetes mellitus 3 3 0.196
Steroid use 3 3 0.196
Malignancy 2 1 0.823
No. of smokers/no. of 33/11 12/8 0.223
nonsmokers
No. of patients who consumed ~ 30/6 11/3 0.490
alcohol/no. of patients
who did not consume
alcohol
No. of patients with/no. of
patients without
radiological finding of:
Cavitation 28/28 14/9 0.379
Centrilobular lesion 38/19 14/11 0.355
Infiltration 35/16 12/11 0.173
Bronchiectasis 40/15 10/13 0.014
Pleural effusion 2/49 2/22 0.383
No. of patients with positive 50 21 0.363
AFB smear

@ Abbreviations: NTM, nontuberculous mycobacteria; MAC, Mycobacterium avium
complex; COPD, chronic obstructive pulmonary disease; AFB, acid-fast bacillus.

groups. The initial sputum conversion rates were lower in patients
with M. abscessus infection than in those with M. massiliense in-
fection (31% and 50%, respectively; P = 0.115). The sputum acid-
fast bacillus (AFB)-positive relapse rate after the initial conversion
to a negative result was higher for patients with M. abscessus infec-
tion than for those with M. massiliense infection (65% and 30%,
respectively; P = 0.077). Thus, the proportion of patients whose
sputum converted and remained culture negative during the fol-
low-up period was lower for patients with M. abscessus infection
than for those with M. massiliense infection.
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175

DISCUSSION

The M. abscessus group comprises ubiquitous environmental or-
ganisms frequently associated with nosocomial outbreaks and
pseudo-outbreaks (18, 32, 34). The increasing availability of gene
sequencing has tremendously influenced the taxonomy of bacte-
ria, particularly mycobacteria, with many new species being de-
scribed every year (30).

A new species related to M. abscessus, M. massiliense, was re-
cently described (3). The species M. massiliense was proposed in
2004 based upon nonconventional phenotypic characterization
and genotypic studies of 2 isolates recovered from the sputum and
bronchoalveolar fluid of a patient in France (3). Since M. massil-
iense is closely related to M. abscessus, it is possible that M. massil-
iense infections have overlapped with M. abscessus infections in
previous reports (3). Although several unique phenotypes that
differentiate M. massiliense from M. abscessus have been identi-
fied, they are difficult to characterize using conventional clinical
techniques because of the inability to discriminate between RGM
due to their overlapping phenotypic patterns (9, 26). The molec-
ular, biological, and clinical characteristics of these strains will
help us to better understand and treat severe infections due to
RGM (39). The proper identification of members of the M. absces-
sus complex has proven beneficial in both therapeutic manage-
ment and epidemiological studies. M. massiliense is very closely
related to M. abscessus but showed different susceptibilities to
CAM, and their pathogenic potentials have been demonstrated by
infections of immunocompetent and immunocompromised
hosts (15, 18).

The proportions of M. massiliense strains among M. abscessus
species vary according to geographical distribution. The preva-
lences of M. massiliense were 28% of 40 patients at the National
Institutes of Health in the United States (39), 21% of 39 clinical
isolates in the Netherlands (31), 22% of 50 patients with cystic
fibrosis in France (23), 55% of 150 patients in South Korea (19),
and 26% of 102 patients in Japan. There is currently no explana-
tion for the large difference in the prevalences of M. massiliense
between South Korea and Japan, as they are in the same Asian
region.

No significant differences were found between the baseline
clinical characteristics in the M. abscessus and M. massiliense
groups, except for bronchiectasis in the radiological findings.
Bronchiectasis was found significantly more frequently in the M.
abscessus group than in the M. massiliense group (73% and 43%,
respectively; P = 0.014). This result is almost consistent with the
results of a Korean study (19).

Importantly, favorable microbiological response rates with
similar combinations of antibiotic therapy were much higher for
M. massiliense than for M. abscessus lung disease. This could be
explained by the differences in CAM resistance. This study dem-
onstrated a high level of resistance to CAM in M. abscessus isolates
but not in M. massiliense isolates, indicating that treatment of M.
abscessus lung disease may be more difficult. In fact, M. abscessus
lung disease has been regarded as a chronic, incurable infection for
most patients, given the current antibiotic options (4). The low
MIC and absence of CAM resistance (except for one isolate) sug-
gest that M. massiliense lung disease may be treated more effec-
tively with a CAM-based antibiotic regimen. Recent studies
showed that some RGM, such as M. abscessus and M. fortuitum,
have an erm gene that induces macrolide resistance (4, 12). It is
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TABLE 2 In vitro susceptibilities of 63 Mycobacterium abscessus and 23 M. massiliense isolates to different antimicrobials®

MIC (pg/ml) for categorization of susceptibility

Y% resistant isolates

of: .
(no. of resistant

Drug Species Susceptible Intermediate Resistant Reference(s) isolates) Pvalue

Clarithromycin M, abscessus =2 4 =8 15 16 (10) 0.145
M. massiliense 4(1)

Kanamycin" M. abscessus =16 32 =64 14, 20 5(3) 0.388
M. massiliense 0(0)

Amikacin M. abscessus =16 32 264 15 6 (4) 0.509
M. massiliense 0(0)

Imipenem M. abscessus =4 8-16 =32 15 19 (12) 0.007
M. massiliense 48 (11)

Moxifloxacin M. abscessus =1 2 =4 15 92 (58) 0.488
M. massiliense 96 (22)

Ciprofloxacin M. abscessus =1 2 =4 15 95 (60) 0.883
M. massiliense 91 (21)

Isoniazid® M. abscessus NA NA NA NA
M. massiliense NA

Rifampin® M. abscessus =1 2 =4 14,18 97 (61) 0.534
M. massiliense 100 (23)

Ethambutol® M. abscessus NA NA NA NA
M. massiliense NA

Streptomycin® M. abscessus =32 NA =64 14, 20 67 (42) 0.617
M. massiliense 61 (14)

“ Drug susceptibility results are shown for 63 patients with M. abscessus and 23 patients with M. massiliense infections. NA, not available.
b The CLSI breakpoints (8) for Staphylococcus species have been substituted as the breakpoints of these drugs against M. abscessus and M. massiliense isolates.

¢ The breakpoints for M. abscessus and M. massiliense isolates have not yet been established.

unknown whether other RGM such as M. massiliense have an erm
gene. Thus, species-level identification is important because anti-
biotic susceptibilities and therapies differ significantly depending
on the RGM species (4, 16). Since the KM and AMK resistance
rates were less than 10% for both the M. abscessus and M. massil-
iense groups in the present study, KM and AMK could be two key
drugs for the treatment of M. abscessus and M. massiliense lung
diseases.

The IPM resistance rate was much lower in the present study
than in the Korean study (19) (19% and 44% for M. abscessus and
48% and 67% for M. massiliense, respectively). The MFLX, CPEX,
and RFP resistance rates were >90% for both the M. abscessus and
M. massiliense groups in the present study. These findings are
compatible with the fact that the M. abscessus complex has been
regarded as being fluoroquinolone resistant (7). However, mod-
erate in vitro activities of some fluoroquinolones against members
of the M. abscessus complex have been demonstrated (2, 6, 19, 25).
The use of fluoroquinolones as alternative oral agents during
combination antibiotic therapy for M. abscessus and M. massil-
iense infections should be studied further.

The present study showed poor activities of INH and EB in
both the M. abscessus and M. massiliense groups (MICg, for INH of
=512 pg/ml; MIC,, for EB of =32 wg/ml), which are identical to
findings reported previously (27). Thus, INH and EB seem to be
ineffective against both the M. abscessus and M. muassiliense
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groups. Another study found that MFLX was active against M.
abscessus and that a combination of CAM and MFLX was effective
against M. abscessus strains in in vitro models (10). Moreover,
some M. abscessus isolates are susceptible to the oral druglinezolid
(35, 38). However, linezolid was rarely used in our survey to treat
M. abscessus species lung disease because of the high cost and
moderate to severe side effects in Japan. Thus, further studies are
required to evaluate active combinations of oral antibiotics and
determine their clinical significance.

The present study has several limitations. First, the retrospec-
tive study design necessitates the use of medical records for data
collection, leading to variations in each factor. Second, the num-
ber of sputum specimens collected over time was relatively small.
Had samples been collected more frequently, more conversions to
negativity and relapses after conversion may have been found.
Third, treatment regimens cannot be optimized based solely on
retrospective studies with limited follow-up data. Moreover, the
use of IPM, cefoxitin, fluoroquinolone, and linezolid is not per-
mitted for the treatment of NTM diseases under the Japanese so-
cial health insurance system. Thus, the combination therapy rec-
ommended by the ATS/IDSA (16) has not been applied in most
cases. Treatment regimens were decided in practice by physicians.
Therefore, it is difficult to evaluate the true treatment response in
this study.

In conclusion, we found clinically significant differences be-
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TABLE 3 Antimicrobial treatments and treatment responses

Value for group

M. massiliense
(n=27)

M. abscessus

Characteristic® (n=172) Pvalue

Treatment
No. of patients with/
no. of patients
without operation
No. of patients
receiving/no. of
patients not
receiving
chemotherapy
No. of patients on
chemotherapy
regimen of:
M,R,E
M,C A
M
M,F
H,RE
Other 12
Duration of 3-178 (33)
treatment (mo)
[range (mean)]

3/69 3/24 0.201

42/30 20/7 0.149

NV O ON
MO O U U

— o0

122 (36) 0.723

Result

No. of patients with/
no. of patients
without
radiological
improvement

No. of patients with/
no. of patients
without sputum
smear conversion
to negativity

No. of patients with
relapse/no. of
patients without
relapse after
sputum smear
conversion to
negativity

Duration of positive
sputum results
(mo) [range
(mean)]

17/41 12/13 0.101

17/38 11/11 0.115

13/7 317 0.077

1-120 (25) 1-62 (18) 0.776

2 Abbreviations: M, macrolides (clarithromycin, erythromycin, and azithromycin); A,
aminoglycosides (streptomycin, amikacin, and kanamycin); F, fluoroquinolones
(levofloxacin, moxifloxacin, garenoxacin, and gatifloxacin); C, carbapenems (imipenem
and meropenem); H, isoniazid; R, rifampin; E, ethambutol.

tween M. abscessus and M. massiliense lung infections in Japan.
Treatment responses rates with CAM-based antibiotic therapy
were higher for M. massiliense than in M. abscessus lung disease.
This difference in treatment responses may be explained by the
difference in CAM susceptibilities between the two groups. Pro-
spective clinical trials are needed to clarify these aspects.

ACKNOWLEDGMENTS

We thank Kazue Nakanaga, Department of Mycobacteriology, Leprosy
Research Centre, National Institute of Infectious Diseases, for providing

3560 jcm.asm.org

177

cultures. Angela Morben, a medical copy editor, assisted in the prepara-
tion and editing of the manuscript. Primary data and analysis results were
made available to all coauthors.

Data analysis of reviewed medical records was performed at the Hok-
kaido Social Insurance Hospital. The identification of M. abscessus species
by microplate DDH technology was performed at each hospital or insti-
tution. Further differentiation among M. abscessus species was performed
at the Leprosy Research Center, National Institute of Infectious Diseases,
and the Kobe Institute of Health. Antimycobacterial susceptibility testing
was performed at the National Hospital Organization Kinki-Chuo Chest
Medical Center.

We have no potential conflicts of interest to report. All authors have
submitted a International Committee of Medical Journal Editors form for
disclosure of potential conflicts of interest.

REFERENCES

1. Adékambi T, Berger P, Raoult D, Drancourt M. 2006. rpoB gene se-
quence-based characterization of emerging non-tuberculous mycobacte-
ria with descriptions of Mycobacterium bolletii sp. nov., Mycobacterium
phocaicum sp. nov. and Mycobacterium aubagnense sp. nov. Int. J. Syst.
Evol. Microbiol. 56:133-143.

2. Adékambi T, Colson P, Drancourt M. 2003. rpoB-based identification of
nonpigmented and late-pigmenting rapidly growing mycobacteria. J.
Clin. Microbiol. 41:5699-5708.

3. Adékambi T, et al. 2004. Amoebal coculture of “Mycobacterium massil-
iense” sp. nov. from the sputum of a patient with hemoptoic pneumonia.
J. Clin. Microbiol. 42:5493-5501.

4. American Thoracic Society. 1997. Diagnosis and treatment of disease
caused by nontuberculous mycobacteria. Am. J. Respir. Crit. Care Med.
156(2 Pt 2):51-S25.

5. American Thoracic Society. 2000. Diagnostic standards and classification
of tuberculosis in adults and children. This official statement of the Amer-
ican Thoracic Society and the Centers for Disease Control and Prevention
was adopted by the ATS Board of Directors, July 1999. This statement was
endorsed by the Council of the Infectious Disease Society of America,
September 1999. Am. J. Respir. Crit. Care Med. 161(4 Pt 1):1376-1395.

6. Blackwood KS, et al. 2000. Evaluation of recA sequences for identification
of Mycobacterium species. J. Clin. Microbiol. 38:2846-2852.

7. Chadha R, Grover M, Sharma A. 1998. An outbreak of post-surgical
wound infections due to Mycobacterium abscessus. Pediatr. Surg. Int. 13:
406—-410.

8. Cockerill FR, III, et al. 2011. Performance standards for antimicrobial
susceptibility testing; twenty-first informational supplement, 1st ed.
M100-521. Clinical and Laboratory Standards Institute, Wayne, PA.

9. Conville PS, Witebsky FG. 1998. Variables affecting results of sodium
chloride tolerance test for identification of rapidly growing mycobacteria.
J. Clin. Microbiol. 36:1555-1559.

10. Cremades R, et al. 2009. Screening for sterilizing activity of antibiotic
combinations in an acid model of rapidly growing mycobacteria during
the stationary phase of growth. Chemotherapy 55:114-118.

11. Dauendorffer N, et al. 2003. Identification of mycobacterial species by
PCR sequencing of quinolone resistance-determining regions of DNA
gyrase genes. J. Clin. Microbiol. 41:1311-1315.

12. De Groote MA, Huitt G. 2006. Infections due to rapidly growing myco-
bacteria. Clin. Infect. Dis. 42:1756-1763.

13. El-Solh AA, et al. 1998. Clinical and radiographic manifestations of un-
common pulmonary nontuberculous mycobacterial disease in AIDS pa-
tients. Chest 114:138-145.

14. Falkinham JO, III. 1996. Epidemiology of infection by nontuberculous
mycobacteria. Clin, Microbiol. Rev. 9:177-215.

15. Freudenberger RS, Simafranca SM. 2006. Cutaneous infection with rap-
idly-growing mycobacterial infection following heart transplant: a case
report and review of the literature. Transplant. Proc. 38:1526—1529.

16. Griffith DE, et al. 2007. An official ATS/IDSA statement. Diagnosis,
treatment, and prevention of nontuberculous mycobacterial disease: Joint
Tuberculosis Committee guidelines. Am. J. Respir. Crit. Care Med. 175:
367—-416.

17. Hanna BA, et al. 1999. Multicenter evaluation of the BACTEC MGIT 960
system for recovery of mycobacteria. J. Clin. Microbiol. 37:748~752.

18. Kim HY, et al. 2007. Outbreak of Mycobacterium massiliense infection

Journal of Clinical Microbiology



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

178

associated with intramuscular injections. J. Clin. Microbiol. 45:3127—
3130.

Koh WJ, et al. 2011, Clinical significance of differentiation of Mycobac-
terium massiliense from Mycobacterium abscessus. Am. J. Respir. Crit. Care
Med. 183:405-410.

Koh WJ, Kwon OJ, Lee KS. 2002. Nontuberculous mycobacterial pul-
monary diseases in immunocompetent patients. Kor. J. Radiol. 3:145—
157.

Kusunoki S, et al. 1991. Application of colorimetric microdilution plate
hybridization for rapid genetic identification of 22 Mycobacterium species.
J. Clin. Microbiol. 29:1596-1603.

Nakanaga K, et al. 2011. Multiple cases of cutaneous Mycobacterium
massiliense infection in a “hot spa” in Japan. J. Clin. Microbiol. 49:613—
617.

Roux AL, et al. 2009. Multicenter study of prevalence of nontuberculous
mycobacteria in patients with cystic fibrosis in France. J. Clin. Microbiol.
47:4124-4128.

Shen GH, Wu BD, Wu KM, Chen JH. 2007. In vitro activities of isepa-
micin, other aminoglycosides, and capreomycin against clinical isolates of
rapidly growing mycobacteria in Taiwan. Antimicrob. Agents Chemother.
51:1849-1851.

Simmon KE, et al. 2007. Identification of an emerging pathogen, Myco-
bacterium massiliense, by rpoB sequencing of clinical isolates collected in
the United States. J. Clin. Microbiol. 45:1978-1980.

Springer B, Stockman L, Teschner K, Roberts GD, Bottger EC. 1996.
Two-laboratory collaborative study on identification of mycobacteria:
molecular versus phenotypic methods. J. Clin. Microbiol. 34:296-303.
Swenson JM, Thornsberry C, Silcox VA. 1982. Rapidly growing myco-
bacteria: testing of susceptibility to 34 antimicrobial agents by broth mi-
crodilution. Antimicrob. Agents Chemother. 22:186-192.

Swenson JM, Wallace R], Jr, Silcox VA, Thornsberry C. 1985. Antimi-
crobial susceptibility of five subgroups of Mycobacterium fortuitum and
Mycobacterium chelonae. Antimicrob. Agents Chemother. 28:807-811.

November 2012 Volume 50 Number 11

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Differences between M. abscessus Species

Tortoli E. 2003. Impact of genetic studies on mycobacterial taxonomy: the
new mycobacteria of the 1990s. Clin. Microbiol. Rev. 16:319-354.
Tortoli E. 2006. The new mycobacteria: an update. FEMS Immunol. Med.
Microbiol. 48:159~-178.

van Ingen J, de Zwaan R, Dekhuijzen RP, Boeree MJ, van Soolingen D.
2009. Clinical relevance of mycobacterium chelonae-abscessus group isola-
tion in 95 patients. J. Infect. 59:324-33].

Viana-Niero C, et al, 2008. Molecular characterization of Mycobacterium
massiliense and Mycobacterium bolletii in outbreaks of infections after
laparoscopic surgeries and cosmetic procedures. J. Clin. Microbiol. 46:
850-855.

‘Wallace RJ, Jr, Brown-Elliott BA, Crist CJ, Mann L, Wilson RW. 2002.
Comparison. of the in vitro activity of the glycylcycline tigecycline (for-
merly GAR-936) with those of tetracycline, minocycline, and doxycycline
against isolates of nontuberculous mycobacteria. Antimicrob. Agents
Chemother. 46:3164-3167.

Wallace RJ, Jr, Brown BA, Griffith DE. 1998. Nosocomial outbreaks/
pseudo-outbreaks caused by nontuberculous mycobacteria. Annu. Rev.
Microbiol. 52:453-490.

Wallace R, Jr, et al. 2001. Activities of linezolid against rapidly growing
mycobacteria. Antimicrob. Agents Chemother. 45:764-767.

Woods GL, et al. 2000. Multisite reproducibility of Etest for susceptibility
testing of Mycobacterium abscessus, Mycobacterium chelonae, and Myco-
bacterium fortuitum. J. Clin. Microbiol. 38:656—661.

Woods GL, et al. 2011. Susceptibility testing of mycobacteria, nocardiae,
and other aerobic actinomycetes. Approved standard, 2nd ed. M24-A2.
Clinical and Laboratory Standards Institute, Wayne, PA.

Yang SC, et al. 2003. High prevalence of antimicrobial resistance in
rapidly growing mycobacteria in Taiwan. Antimicrob. Agents Chemother.
47:1958-1962.

Zelanzy AM, et al. 2009. Cohort study of molecular identification and
typing of Mycobacterium abscessus, Mycobacterium massiliense, and Myco-
bacterium bolletii. J. Clin. Microbiol. 47:1985-1995.

jcm.asm.org 3561



179

[INTERNAL @ MEDICINE

[ CASE REPORT [ |

A Patient with Relapsing Polychondritis who Had Been
Diagnosed as Intractable Bronchial Asthma
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Abstract

A 62-year-old woman, diagnosed as bronchial asthma 3 years previously, was admitted due to acute severe
dyspnea. Physical examination revealed saddle nose, flare/swelling of the ear auricles, and stridor. Computed
tomography demonstrated thickening of tracheal/bronchial walls and stenosis of the lumen that deteriorated
on expiration, suggesting tracheobronchomalacia. Auricle biopsy indicated cartilage destruction. Based on
these findings, the patient was diagnosed as relapsing polychondritis. As demonstrated in this case, relapsing
polychondritis involving airways might be misdiagnosed as bronchial asthma due to stridor and transient
corticosteroid-related improvement. Early diagnosis is necessary to prevent irreversible airway stenosis and

progression to tracheobronchomalacia.

Key words: intractable bronchial asthma, saddle nose, takotsubo cardiomyopathy, tracheobronchomalacia, re-

lapsing polychondritis
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Introduction

Case Report

Relapsing polychondritis (RPC), considered to be an auto-
immune disease (1), involves general cartilage and tissues
containing a high concentration of mucopolysaccharides.
This is a rare disorder with an estimated incidence of 3.5/
1,000,000 persons/year (2), and the treatment has not been
established. When tracheal/bronchial cartilages are affected,
respiratory symptoms such as dyspnea and stridor may ap-
pear (3), which can be misleading, prompting an improper
diagnosis as bronchial asthma (4). It could take long until
correct diagnosis was made (5). Here, we report a patient
with RPC who had been diagnosed as intractable bronchial
asthma for a long period of time. Since RPC could be fatal,
it is important to differentiate this disorder from bronchial
asthma.

A 62-year-old woman was admitted to our hospital be-
cause of severe acute dyspnea, one month after she was re-
ferred to our hospital because of intractable bronchial
asthma. Neither medical nor family history was contributory.
She had a 22-year history of smoking (10 cigarettes/day). At
the age of 59, she was admitted to another hospital with
dyspnea, with no demonstration of saddle nose or flare/swel-
ling of the ear auricles at that time. Based on elevated ST in
an extensive area on electrocardiography and increases in
serum and plasma biomarkers of cardiac injury, a tentative
diagnosis of myocarditis was made in addition to bronchial
asthma. Subsequently, asthma treatment with oral predniso-
lone was initiated. When prednisolone was decreased in
dose or discontinued, her asthma condition was exacerbated
until ventilator assistance was required. During this clinical
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