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Antifungal Susceptibilities of Aspergillus fumigatus Clinical Isolates

Obtained in Nagasaki, Japan
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We investigated the triazole, amphotericin B, and micafungin susceptibilities of 196 A. fumigatus clinical isolates in Nagasaki,
Japan. The percentages of non-wild-type (non-WT) isolates for which MICs of itraconazole, posaconazole, and voriconazole
were above the ECV were 7.1%, 2.6%, and 4.1%, respectively. A G54 mutation in cyp51A was detected in 64.2% (9/14 isolates)
and 100% (5/5 isolates) of non-WT isolates for itraconazole and posaconazole, respectively. Amphotericin B MICs of =2 pg/ml
and micafungin minimum effective concentrations (MECs) of =16 pg/ml were recorded for two and one isolates, respectively.

he clinical importance of Aspergillus infection has increased as
the number of immunocompromised patients has risen (16).
Antifungals recommended for treatment of patients with invasive
pulmonary aspergillosis (IPA) or chronic pulmonary aspergillosis
(CPA) are triazoles, amphotericin B, and echinocandins (13, 15,
37). Patients with CPA often need years of treatment (13, 37).
Although oral therapy is important for carrying out long courses
of treatment, azoles (with the exception of fluconazole) are the
only class of oral drugs licensed for the treatment of aspergillosis
(14, 37).

Aspergillus fumigatus is the most common and pathogenic spe-
cies of Aspergillus (34, 37). Antifungal resistance of A. fumigatus,
especially to azoles, is one of the concerns in treatment of asper-
gillosis. During the last decade, many cases of treatment failure
due to azole-resistant Aspergillus infection have been reported,
and in the past few years a growing body of papers about antifun-
gal susceptibilities of A. fumigatus has been accumulating (1, 3-6,
9,10, 12, 18,23-27, 31-33, 35, 36). Even though an increased rate
of azole resistance has been reported recently in the Netherlands
and the United Kingdom, the prevalence of azole resistance re-
portedly remains low in other countries (1, 3, 6, 9, 12, 23, 25, 33).

The azole target protein lanosterol 14a-demethylase of Asper-
gillus is encoded by the cyp51A gene, and mutations of cyp51A are
a major mechanism of azole resistance (8, 17, 19, 20, 22, 32). Some
mutational hotspots, such as G54, M220, and TR/L98H, have been
identified as causes of azole resistance (2, 21, 22). Of these muta-
tions, TR/L98H is especially prevalent in the Netherlands. An en-
vironmental origin (resulting from agricultural antifungal drug
usage) is suspected, in spite of the fact that the mechanism(s) of
mutation induction has not been shown definitively (24, 31, 32).

We studied the antifungal susceptibility of 196 A. fumigatus
clinical isolates obtained in the Pneumology Department of Na-
gasaki University Hospital, Nagasaki, Japan. The isolates were col-
lected between February 1994 and April 2010. All of the isolates
were subjected to susceptibility testing and cyp51A sequence anal-
ysis. All isolates were identified as A. fumigatus by macroscopic
colony morphology, micromorphological characteristics, and the
ability to grow at 48°C. Non-wild-type (non-WT) isolates were
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subjected to additional molecular identification by amplification
of ribosomal internal transcribed spacers (ITSs) and ribosomal
large-subunit D1-D2 sequencing as described previously (11).
MICs of itraconazole, posaconazole, voriconazole, and amphoter-
icin B and minimum effective concentrations (MECs) of micafun-
gin were determined using the Clinical and Laboratory Standards
Institute (CLSI) M38-A2 broth microdilution method. Assays
were performed using RPMI 1640 broth (0.2% dextrose), final
inoculum concentrations ranging from 0.4 X 10*to 5 X 10* CFU/
ml, and 48 h of incubation at 35°C (7). The MIC was defined as the
lowest drug concentration that produced complete growth inhi-
bition; the MEC was read as the lowest concentration of drug that
led to the growth of small, rounded, compact hyphal forms com-
pared to the hyphal growth seen in the control well. Susceptibility
tests of non-WT isolates were performed at least three times for
each isolate; each test was performed on different days. Because
clinical breakpoints have not been established yet, we used epide-
miological cutoff values (ECVs) to evaluate azole susceptibility (9,
25, 29). Wild-type (WT) isolates of A. fumigatus (MIC = ECV)
were distinguished from non-WT isolates (MIC > ECV), which
may exhibit acquired low-susceptibility mechanisms. ECVs used
in this study were as follows: itraconazole, 1 pg/ml; posaconazole,
0.5 pg/ml; voriconazole, 1 ug/ml, all as previously suggested
(9, 25).

For sequence analyses, genomic DNA was extracted from
non-WT isolates using a MasterPure yeast DNA purification kit
(Epicentre Biotechnologies, Madison, WI). The full coding region
of the cyp51A gene was amplified as previously described (32).
DNA sequences were determined using a BigDye Terminator ver-
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TABLE 1 MIC and MEC distributions of five antifungals
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No. of isolates?

Wi ECP i
ith a MIC or MEC? (ug/ml) of: % of non-WT
Antifungal agent Total =0.03 0.06 0.125 0.25 0.5 1.0 2.0 4.0 8.0 =16 isolates
Triazoles

Itraconazole 182 (14) 1 28 107 46 (8) (4) (1) (1) 7.1

Posaconazole 182 (14) 14 108 35 24 (2) (8) (1) 1(2) (1) 2.6
Voriconazole 182 (14) 1(3) 20 (7) 101 (2) 53 (1) 7 (1) 4.1
Polyene

Amphotericin B 182 (14) 6 8 (1) 19 (1) 90 (7) 57 (5) 2
Echinocandin

Micafungin 182 (14) 177 (14) 2 1 2

2 MIC distributions for each agent were obtained by subtracting from the total isolates tested the 14 non-WT isolates resistant to itraconazole. The MIC distribution for the 14 non-

WT isolates is in parentheses.

b MICs are shown for amphotericin B, itraconazole, posaconazole, and voriconazole; MECs are shown for micafungin.

sion 1.1 cycle sequencing kit (ABI) and an ABI 3100x] DNA ana-
lyzer. Sequence alignments were performed against the sequence
from an azole-susceptible strain (GenBank accession no. AF338659)
using MacVector10.0 software (MacVector, Inc., Cary, NC) (20).
Mutations were confirmed three times by repeating the PCR and
sequencing the relevant region using the closest primer.

In this study, using the ECVs, the percentages of non-WT iso-
lates for which MICs of itraconazole, posaconazole, and voricona-
zole were above the ECV were 7.1%, 2.6%, and 4.1%, respectively
(Table 1). To exclude the possibility of increased proportions of
non-WT isolates due to clonal spread (notably, the potential re-
peated isolation of a drug-resistant strain originating from one
patient), we confirmed those proportions on a per-case basis,
which (for non-WT isolates) were 7.5%, 4.3%, and 6.5% for itra-
conazole, posaconazole, and voriconazole, respectively. These
proportions of non-WT isolates were not much different from
previous data from other regions, with the exception of data for
the Netherlands and the United Kingdom (3, 9, 12, 23, 25, 33).
All the itraconazole-resistant isolates (MIC = 4 pg/ml) were
obtained from 1998 to 2001. No consistent trend of increased
proportion of non-WT isolates was observed. Amphotericin B
MICs of =2 ug/ml were recorded for 1.0% of the isolates (2/
196); micafungin MECs of =16 pg/ml were recorded for 1.0%
of the isolates (2/196) (Table 1). For these antifungals, the pro-
portions of resistant isolates were low and similar to those in
previous reports (3, 10, 23, 26).

In Japan, posaconazole has not been approved for clinical use;
nonetheless, non-WT isolates for posaconazole already existed
(Table 1). Resistance in these isolates might reflect native biolog-
ical variability. Alternatively, this phenomenon could be associ-
ated with cross-resistance between itraconazole and posacona-
zole, because 80% (4/5) of non-WT isolates for posaconazole were
also non-WT isolates for itraconazole (Table 2). In addition,
non-WT isolates for itraconazole tended to be more resistant to
posaconazole, though not to voriconazole (Table 1). Cross-
resistance between itraconazole and posaconazole, but not with
voriconazole, may result from the G54 mutation of cyp51A, which
was present in 64.2% (9/14) of the non-WT isolates for itracona-
zole and also present in 100% (5/5) of the non-WT isolates for
posaconazole (Table 2). There is a known structural basis for the
association of the G54 mutation with this pattern of cross-
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resistance among the azoles: unlike voriconazole, itraconazole
and posaconazole have long side chains that clash with the amino
acid side chain of the residue replacing G54 in the mutated
CYP51A protein (8, 27, 32, 38).

Among mutations of the cyp51A gene, TR/L98H has received
the most attention, notably because this mutation was seen in a
specific country and found in A. fumigatus isolated from the en-
vironment (17, 22, 24, 31-33). Similarly, TR/L98H was recently
detected in a multi-azole resistant isolate in China (17), suggesting
that the TR/L98H mutation could be selected in Asia as well as in
Europe. Of all 22 non-WT isolates in our study of Japanese iso-
lates, CYP51A mutations were detected as follows: G54W, two
isolates; G54R, one isolate; 1266N, two isolates; G54F plus I266N,

TABLE 2 MICs and Cyp51A substitutions in 22 non-WT Aspergillus
fumigatus isolates

MIC (pg/ml) Cyp5IA
Isolate Itraconazole  Posaconazole Voriconazole substitution
ME-452 >8 0.5 0.5 1266N
MF-469 8 1 0.25 G54E, 1266N
ME-460 4 2 0.25 G54E, 1266N
ME-357 4 0.5 0.5 1266N
MF-468 4 0.5 0.25 G54E, 1266N
ME-329 4 0.5 0.25 None
MEF-331 2 >16 0.25 G54W
ME-327 2 2 0.12 G54R
MEF-439 2 0.5 0.25 G54E, I266N
ME-473 2 0.5 0.25 G54E, 1266N
ME-454 2 0.5 0.12 G54E, 1266N
MF-472 2 0.5 0.12 G54E, 266N
ME-843 2 0.25 2 None
MFE-748 2 0.25 1 ND=
ME-1011 1 2 0.12 G54W
ME-855 1 0.25 2 None
MF-336 1 0.25 2 None
MF-486 1 0.25 2 None
ME-520 1 0.25 2 None
MF-1091 0.5 0.25 2 None
MEF-474 0.5 0.25 2 None
ME-303 0.5 0.12 2 None

2ND, not determined.
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seven isolates (Table 2). No TR/L98H-bearing isolates were de-
tected. The 1266N mutation, which has (to our knowledge) not
been reported previously, was also seen in other azole-susceptible
isolates; therefore, it might not be directly related to azole resis-
tance. Of 21 non-WT isolates, 9 had no CYP51A substitution (Ta-
ble 2). Interestingly, most non-WT isolates for voriconazole did
not possess a cyp51A mutation. Although Bueid et al. reported an
increase of frequency of azole-resistant isolates without cyp51A
mutations, other possible resistant mechanisms (e.g., upregula-
tion of efflux pump) have not yet been fully identified (6, 28, 30),
and further analysis is warranted.

Only a few previous analyses have examined changes in suscep-
tibility over time; therefore, it is not clear that the frequency of
azole-resistant A. fumigatus is increasing worldwide (12, 25, 33).
Nevertheless, mechanisms of resistance induction in clinical set-
tings or the environment (e.g., selection following agricultural
antifungal exposure) remain poorly understood. Given that azole
usage varies from one country to another, the mechanism of azole
resistance may differ between regions.

In this study, we found a low prevalence of resistance to tria-
zoles in Japanese isolates of A. fumigatus, a clinically important
fungus of increasing concern in respiratory medicine. The pro-
portions of non-WT isolates were similar to those previously re-
ported for other countries. In the future, Japanese A. fumigatus
isolates may develop azole resistance by different mechanisms
(such as TR/L98H); therefore, we urge the continued monitoring
of azole susceptibility in this species.

ACKNOWLEDGMENT

We thank Kayo Yamakoshi for technical assistance.

REFERENCES

1. Alanio A, et al. 2011. Low prevalence of resistance to azoles in Aspergillus
fumigatus in a French cohort of patients treated for haematological malig-
nancies. J. Antimicrob. Chemother. 66:371-374.

2. Alcazar-Fuoli L, Mellado E, Cuenca-Estrella M, Sanglard D. 2011.
Probing the role of point mutations in the cyp51A gene from Aspergillus
fumigatus in the model yeast Saccharomyces cerevisiae. Med. Mycol. 49:
276-284.

3. Arabatzis M, et al. 2011. Polyphasic identification and susceptibility to
seven antifungals of 102 Aspergillus isolates recovered from immunocom-
promised hosts in Greece. Antimicrob. Agents Chemother. 55:3025-3030.

4. Arendrup MG, et al. 2010. Development of azole resistance in Aspergillus
fumigatus during azole therapy associated with change in virulence. PLoS
One 5:¢10080.

5. Bellete B, et al. 2010. Acquired resistance to voriconazole and itracona-
zole in a patient with pulmonary aspergilloma. Med. Mycol. 48:197-200.

6. Bueid A, et al. 2010. Azole antifungal resistance in Aspergillus fumigatus:
2008 and 2009. J. Antimicrob. Chemother. 65:2116-2118.

7. Clinical Laboratory Standards Institute. 2008. Reference method for
broth dilution antifungal susceptibility testing of filamentous fungi, 2nd
ed. Approved standard M38-A2. Clinical and Laboratory Standards In-
stitute, Wayne, PA.

8. Diaz-Guerra TM, Mellado E, Cuenca-Estrella M, Rodriguez-Tudela JL.
2003. A point mutation in the 14a-sterol demethylase gene cyp51A con-
tributes to itraconazole resistance in Aspergillus fumigatus. Antimicrob.
Agents Chemother. 47:1120-1124.

9. Espinel-Ingroff A, et al. 2010. Wild-type MIC distributions and epide-
miological cutoff values for the triazoles and six Aspergillus spp. for the
CLSI broth microdilution method (M38—A2 document). J. Clin. Micro-
biol. 48:3251-3257.

10. Espinel-Ingroff A, et al. 2011. Wild-type MIC distributions and epide-
miological cutoff values for caspofungin and Aspergillus spp. for the CLSI
broth microdilution method (M38-A2 document). Antimicrob. Agents
Chemother. 55:2855-2859.

11. Hinrikson HP, Hurst SF, Lott TJ, Warnock DW, Morrison CJ. 2005.

586 aac.asm.org

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Assessment of ribosomal large-subunit D1-D2, internal transcribed
spacer 1, and internal transcribed spacer 2 regions as targets for molecular
identification of medically important Aspergillus species. J. Clin. Micro-
biol. 43:2092-2103.

Howard SJ, et al. 2009. Frequency and evolution of azole resistance in
Aspergillus fumigatus associated with treatment failure. Emerg. Infect. Dis.
15:1068-1076.

Izumikawa K, Takazono T, Kohno S. 2010. Chronic Aspergillus infec-
tions of the respiratory tract: diagnosis, management and antifungal resis-
tance. Curr. Opin. Infect. Dis. 23:584~589.

. Kohno S, Izumikawa K. 2010. Posaconazole for chronic pulmonary

aspergillosis: The next strategy against the threat of azole resistant Asper-
gillus infection. Clin. Infect. Dis. 51:1392-1394.

. Kohno §, et al. 2010. Intravenous micafungin versus voriconazole for

chronic pulmonary aspergillosis: a multicenter trial in Japan. J. Infect.
61:410-418.

. Kume H, et al. 2011. Epidemiology of visceral mycoses in autopsy cases in

Japan: comparison of the data from 1989, 1993, 1997, 2001, 2005 and 2007 in
annual of pathological autopsy cases in Japan. Med. Mycol. J. 52:117-127.
Lockhart SR, et al. 2011. Azole resistance in Aspergillus fumigatus isolates
from the ARTEMIS global surveillance is primarily due to the TR/L9SH
mutation in the cyp51A gene. Antimicrob. Agents Chemother. 55:
4465-4468.

Lockhart SR, et al, 2011. In vitro echinocandin susceptibility of Aspergil-
lus isolates from patients enrolled in the Transplant-Associated Infection
Surveillance Network. Antimicrob. Agents Chemother, 55:3944-3946.
Mann PA, et al. 2003. Mutations in Aspergillus fumigatus resulting in
reduced susceptibility to posaconazole appear to be restricted to a single
amino acid in the cytochrome P450 14-demethylase. Antimicrob. Agents
Chemother. 47:577-581.

Mellado E, Diaz-Guerra TM, Cuenca-Estrella M, Rodriguez-Tudela JL.
2001. Identification of two different 14-a sterol demethylase-related genes
(cyp51A and cyp51B) in Aspergillus fumigatus and other Aspergillus species.
J. Clin. Microbiol. 39:2431-2438.

Mellado E, Garcia-Effron G, Alcazar-Fuoli L, Cuenca-Estrella M,
Rodriguez-Tudela JL. 2004. Substitutions at methionine 220 in the 14a-
sterol demethylase (CYP51A) of Aspergillus fumigatus are responsible for
resistance in vitro to azole antifungal drugs. Antimicrob. Agents Che-
mother. 48:2747-2750.

Mellado E, et al. 2007. A new Aspergillus fumigatus resistance mechanism
conferring in vitro cross-resistance to azole antifungals involves a combi-
nation of cyp51A alterations. Antimicrob. Agents Chemother. 51:
1897-1904.

Mortensen KL, et al. 2011. A prospective survey of Aspergillus spp. in
respiratory tract samples: prevalence, clinical impact and antifungal sus-
ceptibility. Eur. J. Clin. Microbiol. Infect. Dis. 40:1355-1363.

Mortensen KL, et al. 2010. Environmental study of azole-resistant Asper-
gillus fumigatus and other Aspergilli in Austria, Denmark, and Spain. An-
timicrob. Agents Chemother. 54:4545-4549.

Pfaller M, et al. 2011. Use of epidemiological cutoff values to examine
9-year trends in susceptibility of Aspergillus species to the triazoles. J. Clin.
Microbiol. 49:586-590.

Pfaller MA, et al. 2010. Wild-type minimum effective concentration
distributions and epidemiologic cutoff values for caspofungin and Asper-
gillus spp. as determined by Clinical and Laboratory Standards Institute
broth microdilution methods. Diagn. Microbiol. Infect. Dis. 67:56—60.
Pfaller MA, et al. 2008. In vitro survey of triazole cross-resistance among
more than 700 clinical isolates of Aspergillus species. J. Clin. Microbiol.
46:2568-2572.

Rajendran R, et al. 2011. Azole resistance of Aspergillus fumigatus bio-
films is partly associated with efflux pump activity. Antimicrob. Agents
Chemother. 55:2092-2097.

Rodriguez-Tudela JL, et al. 2008. Epidemiological cutoffs and cross-
resistance to azole drugs in Aspergillus fumigatus. Antimicrob. Agents
Chemother. 52:2468-2472.

Slaven JW, et al. 2002. Increased expression of a novel Aspergillus fu-
migatus ABC transporter gene, atrF, in the presence of itraconazole in an
itraconazole resistant clinical isolate. Fungal Genet. Biol. 36:199-206.
Snelders E, et al. 2009. Possible environmental origin of resistance of
Aspergillus fumigatus to medical triazoles. Appl. Environ. Microbiol. 75:
4053-4057.

Snelders E, Karawajczyk A, Schaftenaar G, Verweij PE, Melchers WJG.
2010. Azole resistance profile of amino acid changes in Aspergillus fumiga-

Antimicrobial Agents and Chemotherapy



33.

34.

35.

tus CYP51A based on protein homology modeling, Antimicrob. Agents
Chemother. 54:2425-2430.

Snelders E, et al. 2008. Emergence of azole resistance in Aspergillus fu-
migatus and spread of a single resistance mechanism. PLoS Med. 5:¢219.
Tashiro T, et al. 2011. Diagnostic significance of Aspergillus species iso-
lated from respiratory samples in an adult pneumology ward. Med. Mycol.
49:581-587.

Thors VS, Bierings MB, Melchers W], Verweij PE, Wolfs TF. 2011.
Pulmonary aspergillosis caused by a pan-azole-resistant Aspergillus fu-
migatus in a 10-year-old boy. Pediatr. Infect. Dis. J. 30:268-270.

January 2012 Volume 56 Number 1

36.

37.

38.

143

Drug Susceptibility of Aspergillus fumigatus in Japan

Verweij PE, Howard SJ, Melchers WJG, Denning DW. 2009. Azole-
resistance in Aspergillus: proposed nomenclature and breakpoints. Drug
Resistance Updates 12:141-147.

Walsh T7J, et al. 2008. Treatment of aspergillosis: clinical practice guide-
lines of the Infectious Diseases Society of America. Clin. Infect. Dis. 46:
327-360.

Xiao L, et al. 2004. Three-dimensional models of wild-type and mutated
Forms of Cytochrome P450 14a-sterol demethylases from Aspergillus fu-
migatus and Candida albicans provide insights into posaconazole binding.
Antimicrob. Agents Chemother. 48:568-574.

aac.asm.org 587



144

564 YEEE BT ANV A

IL 3 AV ABEOFSM &S« FEUVaT
iy 4 b AL LAk
wE

Anti—cytomegaloviral drugs
Akira Yasuoka
Infection Control and Education Center, Nagasaki University Hospital

Abstract

Cytomegaiovirus infection is often life threatening in immunocompromised patients.
Three anti—~CMV drugs, ganciclovir, valganciclovir and foscarnet are available in commer-
cial basis in Japan. In addition to them, cidofovir is provided for patients with HIV by a
research group supported by Ministry of Health, Labour and Welfare. Every anti-CMV
drug has serious side effects, as bone marrow suppression with ganciclovir and valganci-
clovir, renal toxicity with foscarnet and both with cidofovir. Strict dose adjustment to the
renal function and close monitoring with laboratory examinations are essential when using

those drugs.

Key words: herpesvirus, ganciclovir, valganciclovir, foscarnet, cidofovir
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TORMERTHL, ZORERCHPON Y
7O ENVREDOY — 7 (Cmax) 13 56 ug/mL 2
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YOHEET, 20F FCHEERTHE Fv
ruEnNERRY T4 VAR HREE
WL Uiz, ERREEECIC wE S
nTn5,

AH T HIV e > CMV RHAE Tk 90 mg/
ke# 1 H 2545 KkEs 60mg/ke® 1H3
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HHEIES NG, E-FREBICE Uz & Dl
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1) Crumpacker CS, Zhang JL: Cytomegalovirus. In: Mandell, Douglas, and Bennett's Principles and
Practice of Infectious Diseases, 7th ed(ed by Gerald L, etal), p1971-1987, Elsevier, 2010.

2) Kaplan JE. et al: Guidelines for prevention and treatment of opportunistic infections in HIV—infected
adults and adolescents. MMWR Recomm Rep 58(RR-4): 1-207, 2009.
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1} Bicanic T, Meintjes G. Rebe K. et al: Immune
reconstitution inflammatory syndrome in HIV-
associated cryptococcal meningitis | a prospective
study. ] Acguir Immuné Defic Syndr 51 7 130-134. 2009

2} Department of Health and Human Services | Panel on
Antiretroviral Guidelines for Adults and Adolescents.
Guidelines for the use of antiretroviral agents in HIV-1-
infected adults and adolescents. 1-239, March 27, 2012
(hittp://www.aidsinfo.nih.gov/ContentFiles/
Adultand AdolescentGL.pdf)
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Recent studies have indicated that vMIP-1 and vMIP-II play important roles in the pathogenesis of Kaposi's
sarcoma-associated herpesvirus (KSHV)-related diseases due to the effects of these proteins on vascularization.
We developed monoclonal antibodies against KSHV-encoded viral macrophage inflammatory protein-l (vMIP-1)
and vMIP-II to study these expression profiles and reveal the pathogenesis of KSHV-related diseases. The MAbs

against vMIP-I and vMIP-II reacted to KSHV-infected cell lines after lytic induction. Both vMIP-I and the vMIP-II
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gene products were detected 24 h post-induction with 12-O-tetradecanoylphorbol-13-acetate until 60 h in the
cytoplasm of primary effusion lymphoma cell lines. In clinical specimens, both vMIP-] and vMIP-II gene products
were detected in the tissues of patients with multicentric Castleman's disease. On the other hand, only vIMIP-II
was detected in a subset of Kaposi's sarcoma. We concluded that these antibodies might be powerful tools to
elucidate the pathogenesis of KSHV-related diseases.

© 2012 Elsevier Inc. All rights reserved.

Introduction

Kaposi's sarcoma-associated herpesvirus (KSHV), also known as
human herpesvirus 8 (HHV-8), is a gammaherpesvirus originally
identified in HIV-positive Kaposi's sarcoma (KS) tissues (Chang et al,,
1994). KSHV is responsible for AIDS associated cancers such as Kaposi's
sarcoma (KS), primary effusion lymphoma (PEL), and multicentric
Castleman's disease (MCD) (Cesarman et al, 1995; Schalling et al,,
1995; Soulier et al, 1995). As is the case for all herpesviruses, KSHV
has two life cycles, one latent and the other lytic. Lytic gene expression
can be induced by the treatment of latently infected cells with chemical
agents such as 12-O-tetradecanoylphorbol-13-acetate (TPA), sodium
butyrate (Arvanitakis et al, 1996; Miller et al, 1997). It has been
demonstrated that two KSHV-encoded chemokines, K6 (which encodes
a vMIP-1) and K4 (which encodes a vMIP-II), are expressed in the course
of lytic infection (Moore et al,, 1996; Sun et al., 1999). Previous reports
showed that both vMIP-I and vMIP-Il induced Ca®* signal transduction

* Corresponding author. Tel.: 481 6 6879 3780; fax: + 81 6 6879 3789.
E-mail address: kueda@virus.med.osaka-u.ac.jp (K. Ueda).
! Equal contribution by these authors.

0042-6822/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
doi:10.1016/j.virol.2012.01.008

via certain chemokine receptors and the receptor-dependent migration
of cells (Benelli et al., 2000; Chen et al., 1998; Endres et al., 1999; Kledal
etal, 1997). In addition, in a chick chorioallantoic membrane assay, the
both proteins showed strong angiogenic properties (Boshoff et al,
1997). However, little is known about the contribution of vMIPs to
KSHV malignancy under physiologic conditions.

In this report, we generated new monocional antibodies against
vMIP-I and vMIP-II, and confirmed the detection of both vMIP-I and
vMIP-II in histological sections of tissues from MCD patients as well as
in KSHV-infected PEL cell lines. In cases of KS, vMIP-1I was detected,
but not vMIP-1. These results suggest that the expression properties of
VMIP-1 and vMIP-II might be related to KSHV-associated diseases, and
may even be involved in the generation of diseases. Thus, antiviral
chemokine MADs could potentially become useful tools for the diagno-
sis of KSHV-related diseases.

Materials and methods
Cells

Kaposi's sarcoma-associated herpesvirus-positive cell lines (BC-1,
BC-3, BCBL-1 and TY-1 cells) and a negative cell line (BJAB cells) were
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Fig. 1. Cross reactivity between anti-vMIP-I and anti-vMIP-Il MAb. 293 T cells were
transfected with either 2pg of pCAGGS- vMIP-I or 2pg of pCAGGS-VMIP-II plasmids.
Forty-eight hours after transfection, the cells were harvested and expression of vMIP-] or
VMIP-II was tested by Western blot analysis using the anti-vMIP-I or -vMIP-II MADb,
respectively. Actin was also probed with anti-actin monoclonal Ab as a loading control.

obtained from the American Type Culture Collection (ATCC) (Manassas,
VA). These cells were grown in RPMI 1640 (Nakalai Tesque, Inc., Kyoto,
Japan) supplemented with 10 [U/ml penicillin G, 10 pg/ml streptomycin,
10% heat-inactivated fetal bovine serum (FBS) (HyClone, Logan, UT) in a
5% CO, atmosphere. In addition, 293 T and 293/EBNA (Clontech) cells
were grown in Dulbecco's modified Eagle’s medium (DMEM) (Nakalai
Tesque, Inc.) supplemented with 10 IU/ml penicillin G, and 10 pg/mi
streptomycin, 10% FBS, and 200 mM L-glutamine.

A B
(kda) 1 2 3 4 5 (kDa)

12345

IB: ¢-GST

123405

IB: a-vMIP-I

IB: a-GST

Plasmids

In order to express vMIP-I and vMIP-II, the ORFs were cloned into
the pCAGGS eukaryotic expression vector, and pCAGGS-vMIP-I and
pCAGGS-vMIP-II were established. The plasmid vector, pCAGGS was
kindly provided by Dr. J. Miyazaki of Osaka University (Niwa et al.,
1991). Briefly, fragments including vMIP-I and vMIP-II ORFs were
amplified by PCR using the following primer sets: vMIP-I-Met (5'-
CGGTACCGAATTCTCCAGATGGCC-3’) and vMIP-I-Ter (5'-ACTCGA-
GAATTCTACTTGTCATCGTCGTCCITGTAGTCGGAAGCTATGGCAGGCAG-
3'); and vMIP-1I-Met (5'-AGGTACCGAATTCAGTTATGGACACCAAGGGC-
3’} and vMIP-II-Ter (5-ACTCGAGAATTCTACTTGTCATCGTCGTCCTTG-
TAGTCGGAGCGAGCAGTGACTGG-3'). The PCR products were cloned
into pCR2.1 (Invitrogen) and sequenced. After digestion with EcoRI,
the fragments were ligated into the EcoRI site of the pCAGGS vector.
Then, the DNA fragments encoding vMIP-1 and vMIP-II were liberated
by EcoRI, and were inserted into pCAGGS to generate the expression
vectors pCAGGS-vMIP-I and -vMIP-II, respectively. vMIP-I (pGEX-
VMIP-I) and vMIP-1I (pGEX-vMIP-II) were also generated using PCR-
based technology using BCBL-1 genomic DNA as a templete. The coding
region, without a signal peptide, was amplified with vMIP-I-Eco
(CAGAATTCGCGGGGTCACTCGTGTCG-3'), vMIP-1-Sal (CTGTCGACCGTC-
TAAGCTATGGCAGG-3'), VMIP-II-Eco (5'-CGGAATTCGCGTCCTGGCATA-
GACCG-3'), and vMIP-II-Sal (5/-GGGTCGACATTCTTCAGCGAGCAGTG-
3’). The amplified vMIP-I and the vMIP-II fragments were digested
with EcoRI and Sall and inserted downstream of the GST coding of
PGEX-5X-1 (GE Healthcare, Uppsala, Sweden) at the EcoRI and Sall
sites to construct pGEX-vMIP-I and pGEX-vMIP-II. To express a full-
length and the deletion mutants of the GST-vMIP-I and GST-vMIP-II
fusion protein, the genes for GvM1-Full, GvM1-D1, GvM1-D2,
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Fig. 2. Epitope mapping of the anti-vMIP-I and the anti-vMIP-II MAbs. To map the regions of vMIP-1 and vMIP-II recognized by the anti-vMIP-I and anti-vMIP-II antibody, a series of
GST-vMIP-I and GST-vMIP-II fusion proteins containing the individual regions of vMIP-I and vMIP-Il were constructed as described in Fig. 2C and F, and the proteins were expressed in
E. coli. The lysates of the fusion proteins, vMIP-I and vMIP-II, and its deletion mutants were immunoblotted with an anti-GST antibody (A and D) and an anti-vMIP-1 (B) and an
anti-vMIP-I antibody (E) to detect GST-vMIP-I or GST-vMIP-II fusion proteins. Lane 1, GvM1-Full; lane 2, GyM1-D1; lane 3, GYM1-D2; lane 4, GM1-D3; lane 5, GVM1-D4; lan3 6, GST
in Fig. 2A and B.Lane 1, GvM2-Full; lane 2, GyM2-D1; lane 3, GYM2-D2; lane 4, GyM2-D3; lane 5, GST (in D only) in Fig. 2D and E. Summary of GST-vMIP-I (C) and GST-vMIP-1I (F) deletion
mutants. Individual regions of vMIP-I and vMIP-1I were cloned in-frame into the pGEX-5X-1 vector to generate GST-vMIP-I and GST-vMIP-II fusion proteins, respectively. The boxes at left
indicate GST, and the white boxes with slashed lines indicate individual domains of vMIP-I and vMIP-IL. 1, GvM1-Full(1-95a.a.); 2, GvM1-D1(25-95a.a.); 3, GYM1-D2(45-95a.a.); 4,

GvM1-D3(61-95a.a.) in Fig. 2C, and 1, GvM2-Full(1-94a.a.)

1 2, GyM2-D1(24-94a.a.); 3, GVM2-D2(43-94a.a.); 4, GvM2-D3(60-94a.a.) in Fig. 2F.



