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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-1I (lower) MADb followed by goat anti-mouse FITC-conjugated Abs. FITC photomicrographs showing anti-vMIP-1 and anti-vMIP-Il immunoreactivity in BC-3 and BC-1
cells treated with TPA. (C) Cellular localization of vMIP-I and vMIP-Il 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-1I was visualized by IFA with anti-vMIP-I or -vMIP-1l 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-If immunoreactivity using FITC-conjugated anti-mouse 1gG 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



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-II 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-1 or -Il 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., 2000b), 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-1 vMIP-11
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 um pore size polycarbonate filter (???). The lower
compartment of the chamber was filled with dilutions of vMIP-],
vMIP-II (R&D Systems, Minneapolis, MN) or with PBS alone, and/or
with each 10pg/ml anti-vMIP-1 or -vMIP-II MAbs at a volume of
600 pl. 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-Il MAb

In order to check specificity of the MAbs, we transfected vMIP-I and
VvMIP-II expression vectors (pCAGGS-vMIP-I, and -II) 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).
LANAT1 (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-II 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-I, 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-1 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-II fusion proteins
interacted with the anti-GST antibody (Fig. 2A, D) and showed that
GvM1-Full, GvM1-D1, and GvM1-D2 reacted with the anti-vMIP-I anti-
body, whereas GvM1-D3 did not (Fig. 1B), and GvM2-Full and GvM2-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-
VvMIP-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-1
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-1I 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-1in 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 MAb (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, c, 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-1 and vMIP-1I 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
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Fig. 7. Neutralizing activity of anti-vMIP-I and -vMIP-1I MAbs. THP-1 cell migration in
response to increased concentrations of vMIP-I and vMIP-II (1, 10, 100 nM), and the neu-
tralizing activity of 10 pg/ml anti-vMIP-I and -vMIP-1I MAbs against vMIP-I and vMIP-II
were measured, as outlined in Materials and Methods, by using the transwell migration
assay system. Various doses of vMIP-1 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-I was not observed in all KS cases
(Fig. 5F, G). vMIP-II was rarely detected in the cytoplasm of spindie
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-1 and vMIP-Il were detected in the cytoplasm of a part of lympho-
ma cells (Fig. 5H, I). These data showed that vMIP-I1 and vMIP-II were
expressed in cells in MCD and KSHV-associated lymphoma, but vIMIP-
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 ¢). 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-1I by anti-vMIP-I and anti-vMIP-1l MAbs

We examined whether the anti-vMIP-I and anti-vMIP-II MAbs could
neutralize the chemoattractant of vMIP-I and vMIP-II to induce the
migration of THP-1 cells. As expected, vMIP-I 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-II-induced cell migration of THP-1 cells at 10 ug/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-III in the genome. Analysis of the translated amino acid
sequence indicate that the vMIP-I and vMIP-1I 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 CXsC 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-I and vMIP-Il
were expressed in a KSHV-infected cell lines, BC-3, which had been
treated with TPA. Mono-specific polyclonal Abs against vMIP-I and
vMIP-II 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-vIMIP-II MAbs
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-1 and
vMIP-II with anti-vMIP-1 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-I 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-II-
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
MADs. These findings support the assumption that anti-vMIP-I and ~
vMIP-1I MAbs-blocked chemotaxis in THP-1 cells act through binding
to the certain amino acid residue of vMIP-1 and vMIP-I1.

In summary, MAbs developed specifically for this series were used to
detect vMIP-I and vMIP-1I 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-I and vMIP-II expression profiles during lytic
infection. Taken together, these studies provide an insight into the path-
ogenesis of the contribution of vMIP-1 and vMIP-1I 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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Primary effusion lymphoma (PEL) is an infrequent and distinct
entity among the aggressive non-Hodgkin B cell lymphomas that
occurs predominantly in patients with advanced AIDS. It shows
serous lymphomatous effusion in body cavities, and is resistant
to conventional chemotherapy with a poor prognosis. Thus, the
optimal treatment for PEL is not well defined and there is a need
for novel agents. PEL has been recognized as the tumor caused
by Kaposi sarcoma-associated herpes virus/human herpes virus-8
(KSHV/HHV-8), and nuclear factor (NF)-xB activation plays a criti-
cal role in the survival and growth of PEL cells. In this study, we
assessed the antitumor effect of berberine, a naturally occurring
isoquinoline alkaloid, on this pathway. The methylthiotetrazole
assay showed that cell proliferation in the PEL cell lines was
inhibited by berberine. Berberine also induced caspase-depen-
dent apoptosis and suppressed NF-xB activity by inhibiting IxB
kinase (IKK) phosphorylation, IxB phosphorylation and IxB degra-
dation, upstream targets of the NF-xB pathway, in PEL cells. in a
xenograft mouse model that showed ascites and diffuse organ
invasion of PEL cells, treatment with berberine inhibited the
growth and invasion of PEL cells significantly compared with
untreated mice. These results show that the suppression of NF-xB
is a molecular target for treating PEL, and berberine is a potential
antitumor agent for PEL. (Cancer Sci 2012; 103: 775-781)

Primary effusion lymphoma (PEL) is a rare and distinct
subtype of non-Hodgkin lymphoma that was orrgrnally
identified in patients with advanced AIDS."® PEL arises
exclusively in body cavities (pleura, peritoneum and pericar-
dium) and is caused by Kaposi sarcoma-associated herpes
virus/human herpes virus-8 (KSHV/HHV-8). 1t is generally
resistant to chemotherapy, with a median survival of only
3 months;? therefore, there is a need to develop new thera-
pies. PEL displays constitutive activity of many signaling path-
ways in survival and growth including the NF-kB, JAK/STAT
and PI3K/Akt pathways.“"® Inhibition of NF- KB induces
apoptosis in PEL cells and this pathway represents a molecular
target for this disease.*”

Berberine, an isoquinoline alkaloid from a plant used in tra-
ditional Chinese and Ayurvedic medicine, is an active compo-
nent of Berberis aquifolium (Oregon grape), Berberis aristata
(turmeric tree), Berberis vulgaris (barberry), Coptis chinensis
(coptis or golden thread) and Hydrastis canadensis (golden
seal). Berberine has a wide range of biological effects, includ-
ing antidiarrheal, antihypertensive, antiarrhythmic, cholesterol-
lowering, antimicrobial and anti-inflammatory activities. 3-13)
In addition, berberme Bossesses antitumor activities against
various tumor cells.! The suppression of NF-kB by ber-
berine has been demonstrated in several tumor cell lines;'® 2"
however, the specific target of the NF-xB pathway is not fully
understood, and the antitumor ability in vivo of berberine is

doi: 10.1111/j.1349-7006.2012.02212.x
© 2012 Japanese Cancer Association

limited.?'** Further studies in animal models are required
to identify the potential effects and clinical application of
berberine.

In this study, we investigated the effect of berberine on pro-
liferation and apoptosis in PEL cells and clarified the target
molecules of berberine in the NF-xB pathway against PEL
cells in vitro. The suppression of upstream molecules of the
NF-xB pathway led to the inhibition of NF-xB activity. We
also assessed the in vivo effect of berberine, showing the ratio-
nale for a clinical study. These findings provide insights into
the molecular target of PEL and the antitumor mechanism of
berberine against PEL cells.

Materials and Methods

Cell lines and reagents Human PEL cell lines, BC-1,*%
BCBL-1,%® TY-1®% and human non-PEL cell line, U937, en
were maintained in RPMI1640 supplemented with 10% heat-
inactivated FCS, penicillin (100 U/mL) and streptomycin
(100 pg/mL) in a humidified incubator at 37°C and 5% CO,.
Berberine chloride was obtained from Sigma-Aldrich (St.
Louis, MO, USA).

Tetrazolium dye MTT assay. The antiproliferative activities of
berberine against PEL cell lines were measured using the
MTT method (Sigma-Aldrich). Briefly, 2 x 10* cells were
incubated in triplicate in a 96-well microculture plate in the
presence of different concentrations of berberine in a final vol-
ume of 0.1 mL for 24 h at 37°C. Subsequently, MTT (0.5 mg/
mL final concentration) was added to each well. After 3 h of
additional incubation, 100 pul. of a solution containing 10%
SDS plus 0.01 N HCI was added to dissolve the crystals.
Absorption values at 595 nm were determined with an auto-
matic ELISA plate reader (Multiskan; Thermo Electron, Van-
taa, Finland). Values are normalized to untreated (control)
samples.

Annexin V assay. Apoptosis was quantified using Annexin
V-Alexa fluor 647 (AF647) (BiolLegend, San Diego, CA,
USA). Briefly, after treatment with berberine for 24 h, cells
were harvested, washed and then incubated with Annexin
V-AF647 for 60 min in the dark, before being analyzed on an
LSR II cytometer (BD Bioscience, San Jose, CA, USA). Data
were analyzed using FlowJo software (Tree Star, San Jose,
CA, USA).

Analysis of DNA fragmentation by agarose gel electro-
phoresis. To detect apoptosis and DNA damage, DNA ladder
assays were performed as prev10usly described.®® Briefly,
BCBL-1 cells were cultured in the presence or absence of
berberine at 37°C for 48 h. After incubation, 1 x 10° cells
were lysed in 100 uL. of 10 mM Tris—HCl buffer (pH 7.4)

3To whom correspondence should be addressed.
E-mail: okadas@kumamoto-u.ac.jp
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containing 10 mM EDTA and 0.5% Triton X. After centrifuga-
tion for 5 min at 20 000g, supernatant samples were treated
with RNase A (Qiagen, Valencia, CA, USA) and Proteinase K
(Wako Pure Chemical, Osaka, Japan). Subsequently, 20 uL of
5 M NaCl and 120 pL isopropanol were added to the sample
and kept at —20°C for 6 h. Following centrifugation for
15 min at 20 000g, the pellets were dissolved in 20 pl. TE
buffer (10 mM Tris-HCl and 1 mM EDTA) as loading
samples. To assess the DNA fragmentation pattern, samples
were loaded onto 1.5% agarose gel and electrophoretically
separated.

Western blot analysis. For whole cell extraction, BCBL-1
cells treated with 100 pM berberine for 0, 1, 3 and 6 h were
collected and washed in cold PBS before the addition of
100 pL  cold lysis buffer (25 mM HEPES, 10 mM
NasP,0,10H,0, 100 mM NaF, 5 mM EDTA, 2 mM NazVO,
and 1% Triton X-100). After rotation for 2 h at 4°C, whole
cell extracts were obtained by centrifugation at 20 000g for
15 min. For nuclear extraction, BCBL-1 cells treated with
100 uM  berberine for 0, 1, 3 and 6 h were collected
and washed in cold PBS before the addition of 400 uL cold
buffer A (10 mM HEPES-KOH pH 7.9, 1.5 mM MgCl,,
10 mM KCI, 0.1% NP-40, 0.5 mM DTT, 0.5 mM PMSF,
2 pg/mL pepstatin A, 2 pg/mL aprotinin and 2 pg/mL leupep-
tin). After incubation on ice for 10 min, the samples were vor-
texed for 10 sec. Nuclei were pelleted by centrifugation at
2000g for 1 min and washed once with buffer A. Then, 50 pL
of buffer C (50 mM HEPES-KOH pH 7.9, 10% glycerol, 420
mM KCl, 5 mM MgCl,, 0.1 mM EDTA, 1 mM DTT, 0.5 mM
PMSF, 2 pg/ml pepstatin A, 2 ug/mL aprotinin and 2 pg/mL
leupeptin) was added to the nuclei, before incubating on ice
for 30 min. Nuclear extracts were obtained by centrifugation
at 20 000g for 15 min. Whole or nuclear extracts (40 pg pro-
tein) were separated by 10% SDS-PAGE and blotted onto a
PVDF membrane (GE Healthcare, Tokyo, Japan). Detection
was performed using the Enhanced Chemiluminescence
Western Blotting Detection System (ECL; GE Healthcare Bio-
Science, Buckinghamshire, UK).

Primary antibodies were as follows: anti-cleaved caspase-3
(9661), anti-caspase 9 (9502), anti-phospho (Ser180/181)-
IKKo/B (2681), anti-phospho (Ser32/36)-IxBa. (9246), anti-p65
(536) (Cell Signaling Technology, Danvers, MA, USA), anti-
IKKo/f (H-470), anti-IkBa (C-21) and anti-y tublin (C-20)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-Hsc70
(SPA-815) (Stressgen Bioreagents, Ann Arbor, MI, USA).

Electrophonic mobility shift assay. An EMSA was performed
using a second generation DIG Gel Shit Kit (Roche Diagnos-
tics, Mannheim, Germany). Briefly, double-stranded oligonu-
cleotide probes containing the immunoglobulin kappa (Igk)
light chain NF-xB site and the Oct-1 binding site were pur-
chased from Promega (Madison, WI). The oligonucleotide was
3" end-labeled with a digoxigenin-11-ddUTP. The nuclear
extract (10 pg protein) from BCBL-1 cells was incubated with
1 pg poly[d(I-C)], 0.1 pg poly-L lysine and DIG-labeled oligo-
nucleotide in binding buffer (20 mM HEPES pH 7.6, 1 mM
EDTA, 10 mM (NH,4),SO,, 0.2% Tween20 and 30 mM KCI)
for 15 min at 25°C. After incubation, 5x loading buffer
(0.25x TBE and 60% glycerol) was added, and the samples
were separated on 6% acrylamide gel in 0.5x TBE buffer.
The oligonucleotide was electroblotted onto a positively
charged nylon membrane (Roche Diagnostics) and immunode-
tected using anti-digoxigenin-AP.

Xenograft mouse model. NOD Rag-2-deficient (Rag-27"")
mice and NOD Jak3-deficient (Jak3'/ ) mice were established
by crossing Rag-2~"~ mice or Jak3™'~ mice with the NOD strain
for 10 generations, respectively. NOD Rag-2/Jak3 double-defi-
cient (Rag-2~""Jak3™'") mice (NRJ mice) were established by
crossing NOD Rag-2~'~ mice and NOD Jak3 ™'~ mice, and were
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housed and monitored in our animal research facility according
to institutional guidelines. All experimental procedures and pro-
tocols were approved by the Institutional Animal Care and Use
Committee at Kumamoto University. Twelve week-old NRJ
male mice were inoculated i.p. with 7 x 10° BCBL-1 cells sus-
pended in 200 pl. PBS. The mice were then treated with i.p.
injections of PBS or berberine (10 mg/kg, three times a week).
Tumor burden was evaluated by measuring the body weight and
volume of ascites. For assessment of overall survival, Kaplan—
Meier analysis was performed and P-values were determined by
two-tailed analysis using the log-rank test.
Immunohistochemistry. To investigate the expression of
KSHV/HHV-8 ORF73 (LANA) protein, tissue samples were
fixed with 10% neutral-buffered formalin, embedded in paraf-
fin and cut into 4-pum sections. The sections were deparaffi-
nized by sequential immersion in xylene and ethanol, and
rehydrated in distilled water. They were then irradiated for
15 min in a microwave oven for antigen retrieval. Endogenous
peroxidase activity was blocked by immersing the sections in
methanol/0.6% H,0O, for 30 min at room temperature. Affin-
ity-purified PA1-73N antibody,*® diluted 1:3000 in PBS/5%
BSA, was then applied, and the sections were incubated
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Fig. 1. Chemical structure of berberine chloride.
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Fig. 2. Berberine inhibits the proliferation of primary effusion lym-

phoma (PEL) cells. PEL cell lines (BC-1, BCBL-1 and TY-1) and non-PEL
cell line (U937) were incubated with 0, 3, 10, 30, 10 and 100 uM ber-
berine for 24 h. A cell proliferation assay was carried out using MTT
as described in the Materials and Methods. One representative result
from three independent experiments is shown.
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Berberine induces apoptosis in BCBL-1 cells. (a) Berberine-induced apoptosis was detected by Annexin V staining. A primary effusion

lymphoma cell line, BCBL-1, was treated with berberine (30, 100 uM) for 24 h and was subsequently stained with Annexin V-Alexa fluor 647
before being analyzed by flow cytometry. (b) Berberine caused DNA fragmentation of nuclei. BCBL-1 cells were treated with berberine (30,
100 pM) for 48 h. (c) BCBL-1 cells were treated with 100 uM berberine for 0, 1, 3 and 6 h and total proteins were extracted for western blotting.
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Fig. 4. Inhibitory effects of berberine on the expression of NF-xB
pathways. (a) A primary effusion lymphoma cell line, BCBL-1, was
treated with 100 uM berberine for 0, 1, 3 and 6 h and total proteins
were extracted for western blotting. (b) BCBL-1 cells were treated
with 100 uM berberine for 0, 1, 3 and 6 h and nuclear proteins were
extracted for western blotting to detect NF-xB p65. () BCBL-1 cells
were treated with 100 uM berberine for 0, 12, 24 and 48 h
and assessed for NF-kB DNA binding activity by EMSA using an NF-xB-
specific oligonucleotide probe.

Goto et al.

overnight at 4°C. After washing in PBS twice, the second and
third reactions and the amplification procedure were performed
using kits according to the manufacturer’s instructions (Cata-
lyzed Signal Amplification System; DAKO, Copenhagen,
Denmark). The signal was visualized using 0.2 mg/mL diam-
inobenzidine and 0.015% H,0, in 0.05 M Tris—HCl, pH 7.6.

RT-PCR. Total RNA was extracted from the cells using Trizol
(Invitrogen, Carlsbad, CA, USA). First-strand cDNA was syn-
thesized from RNA using a PrimeScript RT-PCR kit (Takara
Bio, Otsu, Japan) with random primers. The PCR products
were analyzed by 1.5% agarose gel electrophoresis and ethi-
diumbromide staining. Primer sequences were as follows:

ORFKI13(v-FLIP): 5-ATTGACATTAGGGCATCC-3" and
5'-AAAGGAGGAGGGCAGGTT-3,"” ORF73(LANA): 5"
GAAGTGGATTACCCTGTTGTTAGC-3" and 5'-TTGGATCT-
CGTCTTCCATCC-3',*” mouse G3PDH: 5-TGAAGGTCGGT-
GTGAACGGATTTGGC-3' and 5-CATGTAGGCCATGAGG-
TCCACCAC-3".@V

Statistical analysis. Data are expressed as the mean + SD.
The statistical significance of the differences observed between
experimental groups was determined using Student’s #-test, and
P < 0.05 was considered significant.

Results

Berberine inhibits proliferation and induces apoptosis in
primary effusion lymphoma cells. The chemical structure of ber-
berine is shown in Figure 1 and has a molecular weight of
371.8. We first determined whether treatment with berberine
leads to the inhibition of PEL cell proliferation using MTT
assay. Three PEL cell lines (BC-1, BCBL-1 and TY-1) were
cultured with varying concentrations of berberine (0, 3, 10, 30
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treated and untreated ascites-bearing mice 4 weeks after inoculation with BCBL-1 i.p. (b) The body weight of mice 4 weeks after inoculation
with BCBL-1 cells in berberine-treated or untreated mice is shown as the mean + SD of 6 mice. (c) The volume of ascites 4 weeks after inocula-
tion with BCBL-1 cells in mice is shown as the mean + SD of 6 mice. (d) Overall survival curve. Treatment with berberine prolongs survival

in vivo.

and 100 uM) for 24 h, and proliferation was analyzed by
MTT assay. Figure 2 shows that as the dose of berberine
increased from 3 to 100 pM, cell growth inhibition increased
in a dose-dependent fashion in all PEL cell lines. The IC50
(50% inhibitory concentration) for BC-1, BCBL-1 and TY-1
were 13.56, 29.17 and 32.82 pM. In contrast, the IC50 value
is >100 uM for non-PEL cell line, U937. In subsequent experi-
ments, we determined whether the observed suppressive effects
of berberine in MTT assay were due to the induction of apop-
tosis. We used Annexin V staining and DNA ladder formation
to detect apoptosis. As shown in Figure 3(a), 30 and 100 pM
berberine treatment for 24 h caused apoptosis in BCBL-1. As
shown in Figure 3(b), berberine treatment for 48 h caused
DNA fragmentation, which is a characteristic of apoptosis cell
death. Next, we analyzed cleaved caspase 3 and cleaved cas-
pase 9 to further confirm that berberine induced apoptosis in
PEL cells. As shown in Figure 3(c), berberine treatment of
BCBL-1 induced time-dependent cleavage of caspase 3 and

caspase 9, hallmarks of cells undergoing apoptosis, in western

blotting.

Berberine suppresses NF-kB activity in PEL cells. It was
reported previously that NF-xB was required for the survival
and proliferation of PEL cells.***** Because NF-xB is con-
stitutively active in PEL cells,*® we examined whether ber-
berine inhibited NF-xB activation. BCBL-1 constitutively
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expressed both total and phosphorylated IKK and IxB,
upstream of NF-kB. When BCBL-1 was treated with 100 uM
berberine for 0, 1, 3 and 6 h, berberine treatment reduced
phosphorylated IKK and phosphorylated IxB, whereas total
IkB was increased (Fig. 4a), suggesting that inhibition of IKK
phosphorylation leads to the accumulation of IxB by blocking
the phosphorylation and degradation of IkB protein. Next, we
fractioned nuclear protein and analyzed the expression of p65
by western blotting (Fig. 4b) to confirm p65 NF-xB suppres-
sion by berberine. When PEL cell lines were treated with
100 pM berberine for 6 h, the amount of nuclear p65 NF-xB
protein was reduced, indicating that berberine suppresses NF-
kB activity. Thus, berberine mainly suppresses p65 NF-kB
nuclear translocation by inhibiting the upstream of NF-«xB. To
confirm that berberine could inhibit NF-xB activity in PEL
cells, we performed EMSA with DIG-labeled double-stranded
NF-«xB oligonucleotides. Berberine also suppresses constitutive
NF-xB binding activity for 24 and 48 h (Fig. 4c). These
results demonstrate that berberine inhibits the constitutive
NF-«B activity of PEL cells.

In vivo effect of berberine in severe immunodeficient mice
inoculated i.p. with BCBL-1. As the in vitro results suggest that
berberine could be an effective treatment against PEL, we
assessed the in vivo effects of berberine in the immunodefi-
cient mouse model. Severe immunodeficient, NRJ mice were

doi: 10.1111/].1349-7006.2012.02212.x
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Fig. 6.

Invasion of primary effusion lymphoma cells into the organs of BCBL-1-inoculated mice on day 28. (a) Hematoxylin-eosin (HE) staining

and immunohistochemical staining using anti-LANA (PA1-73N antibody) was performed to detect BCBL-1 in the liver, lung and spleen. (b) Viral
gene expression after treatment with berberine. Viral gene expression in spleen of berberine treated and untreated mouse was examined by RT-

PCR. A representative result from two experiments is shown.

inoculated i.p. with 7 x 10° BCBL-1 cells. BCBL-1 produced
profuse ascites within 4 weeks of inoculation (Fig. 5a). As
patients with PEL. show lymphomatous effusion in body cavi-
ties without a definable tumor mass,>> these mice could be
clinically equivalent to the PEL model. A dose of 10 mg/kg
- berberine or PBS alone was administrated via i.p. injection on
day 3 after cell inoculation, and then three times a week. The
50% lethal dose of berberine from 1? injections has already
been reported and is 57.6103 mg/kg.®® Hence, the dosage of
berberine in vivo in our experiment was expected to be safe.
Berberine-treated mice appeared to stay healthy, and the body
weight did not change, whereas the body weight of untreated
mice significantly increased compared to that of berberine-trea-
ted mice on day 28 (36.6 £2.7¢g vs 307+£1.7¢g, n=6,
P < 0.01; Fig. 5b). Moreover, the volume of ascites was
significantly lower than in untreated mice on day 28
(3.8 £0.6 mL vs 0.5 £ 0.8 mL, n =6, P <0.01; Fig. 5¢). As
shown in Figure 5d, treatment with berberine significantly pro-
longed survival of the mice (log-rank test, P < 0.01). These
results indicate that treatment with berberine delays or inhibits
the growth of PEL cells and produces a survival benefit.

Organ invasion by PEL cells on day 28 was evaluated by
hematoxylin—eosin staining and LANA immunostaining. We
found that mice inoculated i.p. with BCBL-1 exhibited inva-
sion into the liver, lung and spleen without macroscopic lym-
phoma formation (Fig. 6a). The number of LANA-positive
cells in berberine-treated mice was significantly reduced
(01 cells per field magnification, x40) compared to untreated
mice (10-20 cells per field magnification, x40). The mRNA
expression levels of VFLIP and LANA were downregulated in
the spleen of berberine-treated mouse (Fig. 6b). These data
demonstrated that berberine significantly inhibits the growth
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and infiltration of PEL cells in vivo and could be a potentially
therapeutic agent in patients with PEL.

Discussion

The clinical course of PEL is very aggressive and generally
refractory to conventional chemotherapy; hence, novel thera-
peutic strategies such us molecular targeting therapy are
needed. In the present study, we investigated the antitumor
effects of a naturally occurring isoquinoline alkaloid, berber-
ine, on PEL cells both in vitro and in vivo, and showed that
berberine inhibited the NF-kB pathway with the suppression of
IKK phosphorylation, IxB phosphorylation and IxkB degrada-
tion. In KSHV/HHV-8-infected cells, vFLIP, a homologue of
cellular FLIP protein, has the ability to activate the NF-xB
pathway by binding to the IKK complex.®**"3® Moreover,
inhibition of NF-kB activity leads to the apoptosis of KSHV-
infected PEL cells.“*® These results suggest that inhibition of
NF-«B is an effective target for the treatment of PEL. Activa-
tion of NF-xB is involved in various kinds of cancer develop-
ment and progression,®*? indicating that NF-xB is a good
molecular target for cancer treatment.

Berberine has long been used as a stomachic, an anti-
diarrheal agent, an antibiotic and an anti-inflammatory in
Asian countries and has been shown to have few side
effects.®'?) Berberine has been reported to have various
pharmacological effects, including an arresting effect on cell
cycle progress, inhibition of tumor cell proliferation and the
induction of apoptosis, and the mechanism of antitumor activ-
ity differs among cell lines.**'7*142 Several reports have dem-
onstrated that berberine inhibits cancer cell migration by
suppressing COX-2, MMP-2, MMP-9 and urokinase-plasminogen
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activator,(lg“ﬂ) downstream molecules of NF-xB. We showed
here that berberine induced the apoptosis of PEL by inhibiting
IKK phosphorylation, the upstream target of the NF-xB path-
way. Consequently, berberine abrogates the phosphorylation of
IxB (Fig. 4a), NF-«B nuclear translocation (Fig. 4b) and DNA
binding activity (Fig. 4c). Previously, we reported biscoclau-
rine alkaloid cepharanthine-induced apoptosis of PEL cells
mainly via inhibiting p65 activation. In this study, berberine
inhibits IKK activation, the upstream of the NF-xB pathway,
and causes efficient apoptosis of PEL cells. Inhibiting IKK
activation is also considered to be a rational pharmacologic
target because VFLIP activates IKK in PEL cells.

We also confirmed the therapeutic effect of berberine against
PEL in a xenograft mouse model. We used NRJ mice, which
displayed rapid and efficient engraftment of PEL cells, as a
small animal system. NRJ mice display not only complete defi-
ciency in mature T/B lymphocytes and complement protein
but also complete deficiency of NK cells, such as in NOD/
Scid/common y-deficient S‘NOG) mice®>** and NOD/Scid/
Jak3-deficient (NOJ) mice,"*> and provide the ideal microenvi-
ronment for the propagation and increase of PEL cells.
Although both scid and Rag mutations prevent the recombina-
tion of genes required for functional B and T cell receptors,
the Prkdc gene disrupted by the scid mutation is expressed
broadly and is involved in DNA repair, while expression of
rag genes is limited to hematopoietic cells and is involved only
in the DNA recombination of T and B cell receptor genes.
Thus, scid mice are more sensitive to radiation-induced or
drug-induced DNA damage than their Rag mutation counter-
parts. In addition, the scid mutation is known to show a leaky
phenomenon in which functional T and B cells are produced
with aging and ionized irradiation.“® Taken together, NRJ
mice are expected to be more convenient recipients of human
cell xeno-transplantation.

The formation of malignant ascites without solid lymphoma
formation displayed in PEL xenograft NRJ mice reflects the
clinical nature of human PEL and they could be a quite useful
in vivo model for studying PEL and HHV-8 pathogenesis. Ber-
berine has been reported to suppress tumor invasion®” and
phorbol-ester-induced tumor promotion,(22 chemical-induced
carcinogenesis®® in vivo; however, the direct antitumor effect
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and doses of berberine used in animal studies are unclear. In
this study, we observed that administration of 10 mg/kg ber-
berine three times a week showed significant reduction of asci-
tes and tumor invasion with no apparent adverse effects on
NRJ mice (Figs 5,6). Tumor invasion is related to some target
genes of NF-xB, such as MMP and vascular endothelial
growth factor.®” We confirmed that suppressing NF-kB was
also effective for invasion of PEL cells in vivo. Further studies
in animals suggest a new direction in the treatment of refrac-
tory malignancies such as PEL.

The effects of berberine on PEL cells other than the NF-kB
pathway are expected because berberine also affects NF-xB-
independent tumors and exerts diverse pharmacological
effects.®'*!9 Elucidating the pharmacological diversity of
berberine could lead to the development of novel effective
therapies for a variety of malignancies as well as PEL.
Berberine has been reported to have antiretroviral activity
against HIV*? and to reduce endoplasmic reticulum stress by
preventiné8 an HIV protease inhibitor-induced inflammatory
response."™ In AIDS patients who develop PEL, concomitant
treatment with berberine could contribute to not only antitumor
and tumor-preventing activities, but also antiretroviral therapy.

In conclusion, our data have shown the ability of berberine
to induce cell death by blocking the NF-xB pathway in PEL
cells.

Acknowledgments

We thank Ms 1. Suzu for technical assistance and Ms K. Tokunaga for
secretarial assistance. This work was supported in part by a Health and
Labour Sciences Research Grant from the Ministry of Health, Labour,
and Welfare of Japan (H22-AIDS-1-002), and by the Global Center of
Excellence program “Global Education and Research Center Aiming at
the Control of AIDS,” and Grants-in-Aid for Science Research (Nos.
21107522 and 21591209) from the Ministry of Education, Science,
Sports, and Culture of Japan.

Disclosure Statement

The authors have no conflicts of interest to declare.

10 Lau CW, Yao XQ, Chen ZY, Ko WH, Huang Y. Cardiovascular actions of
berberine. Cardiovasc Drug Rev 2001; 19: 234-44.

11 Kong W, Wei J, Abidi P ef al. Berberine is a novel cholesterol-lowering
drug working through a unique mechanism distinct from statins. Nat Med
2004; 10: 1344-51.

12 Kuo CL, Chi CW, Liu TY. The anti-inflammatory potential of berberine in
vitro and in vivo. Cancer Lett 2004; 203: 127-37.

13 Imanshahidi M, Hosseinzadeh H. Pharmacological and therapeutic effects of
Berberis vulgaris and its active constituent, berberine. Phyrother Res 2008;
22: 999-1012.

14 Letasiova S, Jantova S, Cipak L, Muckova M. Berberine-antiproliferative
activity in vitro and induction of apoptosis/necrosis of the U937 and B16
cells. Cancer Lett 2006; 239: 254-62.

15 Hwang JM, Kuo HC, Tseng TH, Liu JY, Chu CY. Berberine induces apopto-
sis through a mitochondria/caspases pathway in human hepatoma cells. Arch
Toxicol 2006; 80: 62-73.

16 Mantena SK, Sharma SD, Katiyar SK. Berberine, a natural product, induces
Gl-phase cell cycle arrest and caspase-3-dependent apoptosis in human pros-
tate carcinoma cells. Mol Cancer Ther 2006; 5: 296-308.

17 Lin JP, Yang JS, Lee JH, Hsieh WT, Chung JG. Berberine induces cell cycle
arrest and apoptosis in human gastric carcinoma SNU-5 cell line. World J
Gastroenterol 2006; 12: 21--8.

18 Pandey MK, Sung B, Kunnumakkara AB, Sethi G, Chaturvedi MM, Aggar-
wal BB. Berberine modifies cysteine 179 of IkappaBalpha kinase, suppresses
nuclear factor-kappaB-regulated antiapoptotic gene products, and potentiates
apoptosis. Cancer Res 2008; 68: 5370-9.

19 Singh T, Vaid M, Katiyar N, Sharma S, Katiyar SK. Berberine, an isoquino-
line alkaloid, inhibits melanoma cancer cell migration by reducing the

doi: 10.1111/].1349-7006.2012.02212.x
© 2012 Japanese Cancer Association



20

2

—

22

23

24

25

26

2

~

2

o0

29

30

3

—

32

152

expressions of cyclooxygenase-2, prostaglandin E and prostaglandin E recep-
tors. Carcinogenesis 2011; 32: 86-92.

Ho YT, Yang JS, Li TC et al. Berberine suppresses in vitro migration
and invasion of human SCC-4 tongue squamous cancer cells through the
inhibitions of FAK, IKK, NF-kappaB, u-PA and MMP-2 and -9. Cancer Lett
2009; 279: 155-62.

Peng PL, Hsieh YS, Wang CJ, Hsu JL, Chou FP. Inhibitory effect of berber-
ine on the invasion of human lung cancer cells via decreased productions of
urokinase-plasminogen activator and matrix metalloproteinase-2. Toxicol
Appl Pharmacol 2006; 214: 8-15.

Nishino H, Kitagawa K, Fujiki H, Iwashima A. Berberine sulfate inhibits
tumor-promoting activity of teleocidin in two-stage carcinogenesis on mouse
skin. Oncology 1986; 43: 131-4.

Anis KV, Rajeshkumar NV, Kuttan R. Inhibition of chemical carcinogenesis
by berberine in rats and mice. J Pharm Pharmacol 2001; 53: 763-8.
Cesarman E, Moore PS, Rao PH, Inghirami G, Knowles DM, Chang Y. In
vitro establishment and characterization of two acquired immunodeficiency
syndrome-related lymphoma cell lines (BC-1 and BC-2) containing Kaposi’s
sarcoma-associated herpesvirus-like (KSHV) DNA sequences. Blood 1995;
86: 2708-14.

Renne R, Zhong W, Herndier B er al. Lytic growth of Kaposi’s sarcoma-
associated herpesvirus (human herpesvirus 8) in culture. Nat Med 1996; 2:
342-6.

Katano H, Hoshino Y, Morishita Y er al. Establishing and characterizing a
CD30-positive cell line harboring HHV-8 from a primary effusion lym-
phoma. J Med Virol 1999; 58: 394-401.

Sundstrom C, Nilsson K. Establishment and characterization of a human his-
tiocytic lymphoma cell line (U-937). Int J Cancer 1976; 17: 565-71.

Sellins KS, Cohen JJ. Gene induction by gamma-irradiation leads to DNA
fragmentation in lymphocytes. J Immunol 1987; 139: 3199-206.

Katano H, Sato Y, Kurata T, Mori S, Sata T. High expression of HHV-8-
encoded ORF73 protein in spindle-shaped cells of Kaposi’s sarcoma. Am J
Pathol 1999; 155: 47-52.

Krishnan HH, Naranatt PP, Smith MS, Zeng L, Bloomer C, Chandran B.
Concurrent expression of latent and a limited number of lytic genes with
immune modulation and antiapoptotic function by Kaposi’s sarcoma-associ-
ated herpesvirus early during infection of primary endothelial and fibroblast
cells and subsequent decline of lytic gene expression. J Virol 2004; 78:
3601-20.

Yamamoto H, Hatano M, Titsuka Y, Mahyar NS, Yamamoto M, Tokuhisa T.
Two forms of Hoxll a T cell leukemia oncogene, are expressed in fetal
spleen but not in primary lymphocytes. Mol Immunol 1995; 32: 1177-82.
Keller SA, Hernandez-Hopkins D, Vider J er al. NF-kappaB is essential for
the progression of KSHV- and EBV-infected lymphomas in vivo. Blood
2006; 107: 3295-302.

Goto et al.

33

34

35

36

37

38

39

40

4

—

42

43

44

45

46

47

48

Guasparri I, Keller SA, Cesarman E. KSHV vFLIP is essential for the sur-
vival of infected lymphoma cells. J Exp Med 2004; 199: 993-1003.

Jost PJ, Ruland J. Aberrant NF-kappaB signaling in lymphoma: mechanisms,
consequences, and therapeutic implications. Blood 2007; 109: 2700-7.

Chen YB, Rahemtullah A, Hochberg E. Primary effusion lymphoma. Oncol-
ogist 2007; 12: 569-76.

Kheir MM, Wang Y, Hua L e al. Acute toxicity of berberine and its corre-
lation with the blood concentration in mice. Food Chem Toxicol 2010; 48:
1105-10.

Sun Q, Matta H, Chaudhary PM. The human herpes virus 8-encoded viral
FLICE inhibitory protein protects against growth factor withdrawal-induced
apoptosis via NF-kappa B activation. Blood 2003; 101: 1956-61.

Sun Q, Zachariah S, Chaudhary PM. The human herpes virus 8-encoded
viral FLICE-inhibitory protein induces cellular transformation via NF-kap-
paB activation. J Biol Chem 2003; 278: 52437-45.

Karin M, Greten FR. NF-kappaB: linking inflammation and immunity to
cancer development and progression. Nat Rev Immunol 2005; 5: 749-59.
Kim HJ, Hawke N, Baldwin AS. NF-kappaB and IKK as therapeutic targets
in cancer. Cell Death Differ 2006; 13: 738-47.

Lin CC, Lin SY, Chung JG, Lin JP, Chen GW, Kao ST. Down-regulation of
cyclin BI and up-regulation of Weel by berberine promotes entry of leuke-
mia cells into the G2/M-phase of the cell cycle. Anticancer Res 2006; 26:
1097-104.

Kuo CL, Chi CW, Lia TY. Modulation of apoptosis by berberine through
inhibition of cyclooxygenase-2 and Mcl-1 expression in oral cancer cells.
In Vivo 2005; 19: 247-52.

Ito M, Hiramatsu H, Kobayashi K et a/. NOD/SCID/gamma(c)(null) mouse:
an excellent recipient mouse model for engraftment of human cells. Blood
2002; 100: 3175-82.

Shultz LD, Lyons BL, Burzenski LM et al. Human lymphoid and myeloid
cell development in NOD/LtSz-scid IL2R gamma null mice engrafted with
mobilized human hemopoietic stem cells. J Immunol 2005; 174: 6477-89.
Okada S, Harada H, Ito T, Saito T, Suzu S. Early development of human
hematopoietic and acquired immune systems in new born NOD/Scid/
Jak3null mice intrahepatic engrafted with cord blood-derived CD34 + cells.
Int J Hematol 2008; 88: 476-82.

Bosma GC, Fried M, Custer RP, Carroll A, Gibson DM, Bosma MJ. Evi-
dence of functional lymphocytes in some (leaky) scid mice. J Exp Med
1988; 167: 1016-33.

Bodiwala HS, Sabde S, Mitra D, Bhutani KK, Singh IP. Synthesis of 9-
substituted derivatives of berberine as anti-HIV agents. Eur J Med Chem
2011; 46: 1045-9.

Zha W, Liang G, Xiao J et al. Berberine inhibits HIV protease inhibitor-
induced inflammatory response by modulating ER stress signaling pathways
in murine macrophages. PLoS ONE 2010; 5: €9069.

Cancer Sci | April 2012 | vol. 103 | no.4 | 781
© 2012 Japanese Cancer Association



©2012 The Japanese Society for AIDS Research

153

The Journal of AIDS Research

iE Bl 8 &

IT77ELYY, F/FRENV/ILMNIEZEV %
RERA L ZEFOMPREREICOWT

KT A,
e

=z B 1P BB ER. BEE-IY

SR

B,k B

VBRI NS v v A, Y B Ty S ER RS R vy —,
Y EREREA SRR v~ AR, O B ONE R v v — BRI v v —

BEf:xz77¥L Yy (BRV), F/HREN/ZA M) Y5 Y (TDEFTC) OREIRARC IS
RE R BREEE LAEAZERLOTHRET 5,

AEB 2088, Bk, BFV (200mg) % 00%¢, TDRFTIC # 303EMRA L, BEARL o7 A
Befk, BMAROEE LN FL—Ya y#7vR4 6, BFV, TDF 2w TEEMI T EE L
M L. FFV OMAERIER, 600mg #BEOFS LA 30 gy 7EL B L T 24 BiRGETH 8
BETLERL, ¢ BUETHEOHE TR T LA, TDF O+ #ED, 300meg ZHAEKSGLEE
EOFS7EELELT, MBEETH 2EFCEEL, FALE0EE CROTADIZ 6T
E L7, BEEREE LT CK-MBED LAFBRRE SN,

EZE EFVEFLVWHERMOERIBEIAT, TDF ZEILEEZOBENFBSE S, EFV
BEAECES S RPT L, BAEORVIDFICEANL FL—3a YPERNThoMEZ L bR
%o CK-MB fEO LR, AMHEEC L 2THBEITEEZ OGN,

#—J— | ART, REMRAH. EFV, TDF

Qx4 XEEFE 14 42-45, 2012

#

T7 7YV Y (EFV) &, EEBRRNESEREFE
WA SNAHMHIY ETH L. EFVIEBRARYA VA
BEEZRL, 1B HORENFTET, BIUIEFROXE
B3R, 47/ REN/ A MY YT E Y (TDF
FIC) 2 MMMoBMBERIETREAEMHOEH T, b
5 1H1ERSSTETHZ. ZhdOEH &M AV
ERIERD Z L LREOWHES»L, SFIERAAFN
FA4 BN THEERICERINIEGE L LTRES
L, Antiretroviral therapy (ART) D% THHERHEENE
WEAITH L,

A& b AEELRBERARREIH TS 54 EFV TR
I 0iREE, HOoEROEL HIFv, BE ALY B
HABRAOBHEAVRE LTV I LS A T,
% 7- TDF/FTC i3, EHRBETENLKERA T TDF I X
PEREFRIELPT A B MbR TV EY,

4Ebibiid, EFV+TDEFTCIZ X B ART % #fEHh
WAREIALZER#&ERL, KERBGZOLTEYES
FREMRICHE L EFV & TDFFIC 2 KERERICI
R LRSI E LAREES e, BREEMR
FHWASE AR (T810-8563 W bR K AT IR 1-8-1

HVATEEAE R AMNER Y v & — )
201176 28 HEAF ;2011 £ 9 B 30 AZEH

/1]

T=ThHhBLEZLDTHET B,
iE &

SEB] 29 B8, B RE 51kpe 20094E 4 H, HIV &3
#iE & BT BNTHE, HIV-RNA 12,000 copies/mL, CD4+" >
2NERE (CD4 D) 13 209 cells/mm® Tdh - 7z CD4 FDIETF
VHEETH - 2720, FFE6A LY EFV+TDFEFTCIC &
5 ART PR & otz FOMDOHERER I Lol TF
LTSV ARRBIFTHY), HIVRNA RHEBEELT, CD4
£ 600~700 cells/mm’ THER L7 2010 F 1 H, HREN
ICCTHESTEFRV (200mg) % 90 $&, TDF/FTC % 30 $ehl A
%, TR, EMEEAL, QACERSREREZH L
HRER - MHVEDKERETHLZ L5, BEA
RE&hoiz,

BHOFRERE L EREOBN T, KERD,S 192 8
MECREREERKIZLANL FL—Ya o, H
BESR T, EHMHEERCREL VAT
A EZ, KERMAPS 2 BRHICERR Qg 2%
HL7. BERECHOERYPERVIZL 2BHEERORE
FARATH--WEELTETET, TDF OMPIBEH
rRAZILCLAERERESLEE SRS, EFY,
TDF/FTC IZ L % ART D#ESHIREETH B L HHF L, £
Er L TARRED»S #BEBICIVFISEN, 2
BB 7 AN/ 3 I 7V RRB L,

42 (42)



154

The Journal of AIDS Research Vol 14 No. 1 2012

EFV oMm~PiREz KEIRA, 24, 48, 72, 96, 120, 144,
168 BRI CHIE Lo 2 25, FhENOREMEI, 6,360,
4,090, 1,960, 860, 510, 320, 180ng/mL TH o7z (1),
TDF Ol EiIZ RERADS 24, 48, 72, 96 Bl <@l
EL, FRENORIEMIE, 310, 370, 40, 30ng/ml TH-
7z (®2).

EFV OMABREICEET 5 HF & UTREEE CYP2B6
OBIETFLZE (G516T) SN TE Y, BREKRE (TT)
DFFEE TR EFV ORBERIE L, BER (6/6) oBE
LB L TRBMPREN 24 I L8 L, #ERlRY
2L BT, BEORERET CYP2B6 (G516T) &
EFEROEN T2 25, REM, HEE (G/6)
THY, EFV OEPEFBIBETZRAOEEE P72
LEZ LML, BEFEHOFERICOVTEAMERE Y
¥~ GEEEFRATORAEEZETVS (ZHEE 09~
56)0

T, FBBEEG TDFIX3EBREBEOETHREHRES
Wiz2s, KERAE 120 BE F T Ser i 0.5~0.7 mg/dL THE
Bl T/, ARIBAS 120 BETO Cer i 72.9mL/min

Tholeo FEFATREREOVET IR0 EZ b0
%

BREEEE L LT—EBMIZ CK-MBED LREFBEES
., CK-MB OJl ZEIX KRB ® 19, 43, 67, 139, 187K
BT 71, 110, 76, 32, 20U/ (FEHEME 10~21U/L) Tho
Foo Fio, FEETO CKAEE, FNFes, 83, 72, 59,
ABTU/L (FEHEME 62~287TU/L) T, REALTENIADI -7,
ZOMOBEBEICIIXRELEFHEIRENE P o7 2D
#, HEERIBEET, 20108 2 ARk L o7z,

% Z

RIEBCRIE SN2 BFV ORI, 600mg T BEH
BELALED M7 (900ng/mL) & HERL T 24 M
T 815 (6,860 ng/ml) FTEA L7224, 96 BHEME TR
860ng/mL  THET L7z ¥/ BFV (600mg) REHE DI
RBEOHER (REE7-7) LHEBLTH 120 R
DMFEEZIFERASETH -2 b0, REATERE
BRI ZHEBHOBLWERE o E 25,

TDF @M RER, 300mg R EHEE L2 ED LT 7

3000
7000 E:i
.., e \\ =g EFY (SR
wd — .. -
é 5000 5556 EFY (600my R A% DHERS)
o
5 4000 o %’1]_8{‘%
3000
2 R ... 3196
000 M,
N 860
e e T T Ty 2 tB00mE/day}
a = ‘U
0 24 48 72 96 120 144 168 (BRED
® 1 mFEECHE (BFV)
350 - VM _
o TOF(TER
300 =
e TOF (SRR R YR

250 \

200 \

0
E
P 108
£

\

-

0.7

IO U ~

30
Sl {200mg/day]

24 48

72 96 (RFRD

2 MAEEGER (TDF)

43 ( 43)



155

Y Chishi e a/ : Plasma Concentrations of Efavirenz and Tenofovir in Overdose

i (30ng/mL) & LB L C, 24 BEERE T4 10 §% (310ng/mL),
48 BFHEETER 1215 370ng/mL) TTEAL, 30ng/mL F
THBLTEOIC06BHEEL/, $FEYICLoTHES
N7z TDF 300 mg B HOMBBEOHEB L HEEL T,
TDF OSBRI IIE AR OERS A LI,

EFV BRSO B RAT, Ty vty Fa%
1299.5% LB, KREBFAEEDBAHRIL LY, #0
B, BRTRBEINRZVWEEZORTWS, TDF EH
AEDE L, KESERR~EH s, B - ThE
EnpY REATIEENIIT - TS, EH o3
BELFRELZBHEL LTINS FL—Vay, EEROE
B2 fTol. BEZTINL FL—Ta Y eEAROES
#EFV, TDF OHEEZ R Lz & v i fEidavd, B
BHOBWERFVIREARIZL - TRE SR, BAton
v TDF OBEEIEANA FL—Y g ic i DRESh 2 L
BEIND, B0 LBY, REMINERHED>S 22 B
FCHMER2LTBY, ERRERS LEBATERE
BAINZEROZ L PHEERICBFEL WA EH LS
Nd. HIEEMICEFLZEFV AAERARICESE S, &
AR SR-Z 8T, BFVEENEOELWEELZH
BT L EHTCELLELL, 72, TDFO T, P81
BEMTH B0 P0b 5T, REF O TDF IPEEITA
BRAZ B BHTY -7t hol, CORBO—FLEL
T, BAMETHS IDFPHEARIC L > THTEKRES
g, BB ICRRTE L/ TDF OWRTASEIE U 72 0] §B 8
ZZ2bONhb, #O%, TDFIMPEEERPLPICAETLT
BY, IDF OHMRREELVIET, NI FL—Yaro
HEREA RIS Nz,

BB — B LB EE S h: CK-MB fEi,
FILHOWMETLRET A, L LEdS, HES TR
EFV, TDF/FTC HFBMER E LT OB ELBLL LI H
#1375 <, EFV % TDF/FTC DR ERIC CK-MB fE D %8
FEHSBLAHMEL v, CK-MBEIE, FRICERBOE
FWEY LRETEY, RN TO CKEFEEHBATH-
oo Ehd, AEFTEE SN CK-MB ED EAER
BHETH /2L @BEZIC W, LaWoT, RERAR
? CK-MB E® LHE, LHEFEILL 250 THo Wi
MAsEs ¢, EFV % TDFFTC O KRERAILHESE5&
BOTHEEE2RET S, Lo T, EFV % TDEFTC OXK

BRI LBEEOE ) YV IPBRE TR E
EZbo

2 B

EFV, TDFFTIC %3 KERE LEMEZERL, KER
B iR E+ BEICHIE L7z, EFV OEREHIC
KREZEMEZESNY, TOF OBEEBHEEGERLAL. &
FERIC BT, BEHREICE S EPV ORI & TDF @
HHBE#EPHME Liond Fl—3Y a YOFHEIVRIES
ffzo F72 EFV, TDFFTC ORERAICHEE L TLHE
EEEES CK-MBED EAVRBINLY, EELEET
BERPEEIh Lol

X B

1) Haas DW, Ribaudo HJ, Kim RB, Tierney C, Wilkinson GR,
Gulick RM, Clifford DB, Hulgan T, Marzolini C, Acosta
EP : Pharmacogenetics of efavirenz and central nervous
system side effects : An Adult AIDS Clinical Trials Group
Study. AIDS 18 : 2391-2400, 2004,

2) Nelson MR, Katlama C, Montaner JS, Cooper DA, Gazzard
B, Clotet B, Lazzarin A, Schewe K, Lange J, Wyatt C,
Curtis 8, Chen S8, Smith S, Bischofberger N, Rooney JF :
The safety of tenofovir disoproxil fumarate for the treat-
ment of HIV infection in adults : The first 4 years, AIDS 21 ¢
1273-1281, 2007.

3} Ribaudo HJ, Haas DW, Tierney C, Kim RB, Wilkinson GR,
Gulick RM, Clifford DB, Marzolinl C, Fletcher CV,
Tashima KT, Kuritzkes DR, Acosta EP : Pharmacogenetics
of plasma efavirenz exposure after freatment discontinua-
tion : An Adult AIDS Clinical Trials Group Study. Clin
Infect Dis 42 : 401-407, 2006.

4) R ¥ 7 — F%E300meg D HERAABER A
g & LB BEAER T ks o41-
948, 2005.

5) Ay oy Ea00mg BERA Y F ¥a—7 4 —
& (2011 3 H).

6) BV 7 — F®R300mgERREA v S ¥a—T 5 —2
(20011 £ 1 H).

44 (44 )



156

The Journal of AIDS Research Vol 14 No.1 2012

Yuki Omsar”®, Hitoshi ANpo?, Masaaki Takasaser, Soichiro Takanama®,

Tyunichi Kivasu”, Rumi Mmvamr”, Makoto Isesastr”, and Masahiro Yamamoto”

& 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,
9 Department of Clinical Research Center, National Hospital Organization Kyusyu Medical Center

Case : A 29-ycar-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 (900 ng/mL) at single-dose administration. After 96 h, plasma EFY 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 310 ng/mL at 24 h and then increased to 370 ng/mL after
48 h. This value was 12-fold higher compared with trough value (3¢ 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 injury of cardiac muscle.

Key words : ART, EFV, TDF, overdose

Plasma Concentrations of Efavirenz and Tenofovir in Overdose
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* A Case of Graves’ Disease as Immune Reconstitution Inflam-
matory Syndrome.
** 0, Konishi (% B%3#), Y Katanami, S. Kutsuna, K. Uno, K.
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Table 1. ABRRRERR
= il LDH 2461071 | HBs HIR (—)
wBC 5,200/ul| CK 581U/11 HCVHiE {+)
GFeRER 31% | BUN 15mg/dl| HCV-RNA 5.7 loglU/ml
GFEEER 1% | Cre 0.50mg/di | BRIIRELE
WIFAT: 499% | T-cho 127 mg/dl | TSH <0.03uU/mi
BIR 19%| TG 172mg/dl | FT3 18.4 pg/mi
RBC 397 x10%ul 1 Glu 98mg/di| FT4 6.04 ng/mi
Hb 128g/di| CRP O1mg/dl| #Tg ik £0.3U/mi
Ht 38.09 | HIV SRaEREs 7 TPO #its 8.5U/mi
Plt 16.8x10%ud | CD4* 356/l | WTSH ZHMHAE 18.0IU/1
TR 10mm/1-hr cDg* 796/ud ERIRIR AT 350%
e HIV-BNA . BHEYT | O FERR 53.4%
AST A0 U/ | B JUABSE
ALT 471U/ HBs Hifk (+)
20074 | 20084 20094 1 2010% . 20114
s d4T-+DRY +BIV+% >
30 201510 15 1075
MM {mg/day) © V'
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Cha* (‘g‘ég ]
500+
400~
300
200+
106G
0
HIV-RNA  7.7x10%  iREBRES
(aE—/mb
TSH {uU/mi) 1.54 . <0.03 024 <003 006 208
FT3 (pg/mi 35 >200 55 64 35 34
FT4 (ng/dD 1.12 5.06 .26 213 104 12)
B TSH B8ERE (UMD <1.0 180 602 211 81 56
1 TPC ik (U/mb <0.3 85
FRIRIREIRE A (%) 52 380
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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
patients initially diagnosed with M. abscessus lung 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-

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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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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