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Primary effusion lymphoma (PEL) is a refractory malignancy caused
by human herpes virus 8 (HHV-8) in immunocompromised
individuals. The tumor cells of PEL are characterized by constitutive
NF-kB activation. Dehydroxymethylepoxyquinomicin (DHMEQ) is a
new NF-kB inhibitor and is effective on various tumor cells with
constitutively activated NF-kB. Thus, in search for a new therapeutic
modality of PEL, we examined the effect of DHMEQ on PEL cells. We
confirmed constitutive activation of NF-kB with subcomponents
of p50 and p65 in PEL cell lines. DHMEQ quickly and transiently
abrogated NF-kB activation and reduced the cell viability in dose-
and time-dependent manners, inducing apoptosis through
activation of both mitochondrial and membrane pathways. Array
analysis revealed that DHMEQ down-regulated expression levels of
NF-kB target genes, such as interleukin-6 (IL6), Myc, chemokine
(C-C motif) receptor 5 (CCR5) and NF-kB1, whereas it up-regulated
expression levels of some genes involved in apoptosis, and cell cycle
arrest. DHMEQ did not reactivate HHV-8 lytic genes, indicating that
NF-kB inhibition by DHMEQ did not induce virus replication. DHEMQ
rescued CB-17 SCID mice xenografted with PEL cells, reducing the
gross appearance of effusion. Thus, DHMEQ transiently abrogated the
NF-kB activation, irreversibly triggering the apoptosis cascade without
HHV-8 reactivation. In addition, DHMEQ could rescue the PEL-xenograft
mice. Therefore, we suggest DHMEQ as a promising candidate for
molecular target therapy of the PEL. (Cancer Sci 2009; 100: 737–746)

P rimary effusion lymphoma (PEL) is a non-Hodgkin B-cell
lymphoma usually associated with immunocompromised

patients such as those with aquired immune defficiency syndrome
(AIDS).(1,2) Despite extensive use of highly active antiretroviral
treatment (HAART) and improvement of chemotherapy manage-
ment in human immunodeficiency virus (HIV)-infected patients,
the prognosis of patients with HIV-related PEL remains poor.
The median survival does not exceed 6 months even in the most
recent series.(3) The tumor cells have an intermediate immun-
ophenotype but B-cell genotyping shows clonal rearrangements
of immunoglobulin genes.(4)

Human herpes virus 8 (HHV-8) is essential for the develop-
ment of PEL that is universally associated with HHV-8. Most
of the PELs are also infected with Epstein–Barr virus (EBV)
and the combination of the two viruses might promote full trans-
formation. Tumor cells in PELs are latently infected by HHV-8
and express latent proteins, while a few cells undergo lytic
replication. HHV-8 encodes numerous proteins homologous
to critical cell cycle regulatory and apoptosis proteins, cellular
receptors and their ligands. However, because of their unique
properties they can escape normal regulatory pathways and
hence behave differently from their cellular counterparts.

Among these genes, v-cyclin, LANA, and v-IRF1 interfere with
the cell cycle deregulation, while v-FLIP prevents apoptosis.(5)

PELs have constitutively active nuclear factor (NF)-κB, due
to v-FLIP expression, which is essential for their survival.(6–10)

In addition to v-FLIP, HHV-8 proteins K1, K15, and the viral G
protein-coupled receptor (v-GPCR) induce NF-κB activity,
thereby supporting the central role of NF-κB signaling in
HHV-8 pathogenesis.(5)

NF-κB has been implicated in inflammation, cell proliferation,
differentiation, apoptosis and cell survival. NF-κB is a ubiqui-
tously expressed family of five proteins; p65 (RelA), p50, p52,
c-Rel and RelB. Different combinations of these NF-κB
subunits are considered to specify target genes under different
conditions.(11,12)

Dehydroxymethylepoxyquinomicin (DHMEQ) is an NF-κB
inhibitor, based on the structure of antibiotic epoxyquinomicin
C.(13) DHMEQ inhibits the tumor necrosis factor (TNF)-α-
induced NF-κB binding activity but not the phosphorylation or
degradation of I-κB. DHMEQ inhibited the TNF-α-induced
nuclear accumulation of p65. Thus, DHMEQ is a unique
inhibitor of NF-κB that acts at the level of the nuclear translo-
cation.(14) DHMEQ has been reported to be effective on various
hematologic and solid malignancies with constitutively active
NF-κB.(15–21)

Therefore, in search for a new modality of PEL therapy based
on the idea of molecular targeting, we examined effects of
DHMEQ on PEL cells in vitro and in vivo. Our data dem-
onstrated that DHMEQ could abrogate the NF-κB activation
transiently and initiate the apoptosis cascade irreversibly
without activation of HHV-8 replication. In addition, DHMEQ
rescued the PEL xenograft mice. Taken together, we suggest
DHMEQ as a promising candidate for molecular target therapy
of the PEL.

Materials and Methods

Cell culture. PEL cell lines used for experiments are BCBL1,
TY1 and BC1 infected with HHV-8.(22,23) BC1 was also infected
by EBV. Jurkat and K562 cells were obtained from the Japanese
Cancer Research Resources Bank (Tokyo, Japan). These cell
lines were cultured in RPMI 1640 medium (Gibco, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS)
(Bio West, Miami, FL, USA) and antibiotics (penicillin/
streptomycin, Gibco), except for BC1 and TY1 cells that were
cultured with 20% FBS.
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Electrophoretic mobility shift assays (EMSAs) and supershift
analysis. For detecting NF-κB binding, we used an NF-κB
consensus oligonucleotide (Promega Corporation, Madison, WI,
USA).(24) Nuclear extracts were prepared basically as described.(23)

DNA-protein complexes were analyzed as previously described.(25)

The supershift analysis was performed as described previously,
using antibodies against p65, p50, p52, c-Rel, and Rel-B (all
from Santa Cruz Biotechnology, Santa Cruz, CA, USA), or a
control mouse immunoglobulin G.(26)

Assessment of cell viability and apoptosis. Cell viability was
determined by color reaction with WST-8. Cell Counting Kit-8
(Dojindo, Kumamoto, Japan), and Annexin V reactivity was
examined by Annexin V using Apopcyto Annexin V-Azami-
Green Apoptosis detection kit (MBL, Nagoya, Japan) according
to the manufacture’s protocols. Terminal deoxynucleotidyl
transferase-mediated dUTP nick-end labeling (TUNEL) assay
was performed using DeadEnd Fluorometric TUNEL System
(Promega Corporation) kit and protocols. The results for both
tests were analyzed using FACSCalibur machine and CellQuest
software (BD Biosciences, San Jose, CA, US). Cell cycle analysis
was done as described previously,(15) at 6 h after DHMEQ treatment.
The resulting DNA histograms were interpreted using the
FlowJo (Tree Star Inc., Ashland, OR, US) combined with the
Watson Pragmatic model.

Caspase activity detection. Activation of caspases-3, -8, and -9
were assessed by Carboxyfluorescein FLICA Apoptosis Detection
Kit (Immunochemistry Technologies, Bloomington, MN, USA)
according to the manufacturer’s instructions. Cleavage of the
caspases was confirmed by detection of cleaved products by
immunoblot analysis using antibodies specific to cleaved
products of caspase 3 and 9, or reactive to both cleaved and
uncleaved caspase-8. The antibodies used are: cleaved caspase-3
(Asp175) antibody, caspase-8 (1C12) mouse mAb, and cleaved
caspase-9 (Asp330) antibody (human-specific; all form Cell
Signaling Technology, Beverly, MA, USA). Immunoblotting
analysis was done basically as described previously.(18)

Microarray experiment. Total RNA was extracted from BC1
and BCBL1 cells treated with or without DHMEQ (10 μg/mL)
for 6 h, using Trizol. Whole Human Genome Oligo Microarray
Kit (Agilent Technologies, Santa Clara, CA, USA) was used to
evaluate the gene expression in PEL cell lines according to the
manufacturer’s protocols. Whole data analyses were conducted
using the software GeneSpring (Agilent Technologies). First,
Student t-tests were performed in order to extract genes with
expression levels significantly different between samples with
and without DHMEQ treatment (P < 0.01). Secondly, gene
ontology analyses were performed on that group of genes in
BC1 in order to categorize the selected genes at the significant
levels of P < 0.01.

Reverse transcription–polymerase chain reaction (RT-PCR) and
real-time RT-PCR. Total RNA was extracted from the cells using
the ISOGEN Kit (Wako Chemical Industry, Osaka, Japan).
First-strand cDNAs were synthesized using 2 μg of the total
RNA and 500 ng Oligo (dT)12–18 using SuperScriptTM II RT
(Invitrogen Japan, Tokyo, Japan). RT-PCR was done for 25
cycles by Gene Taq enzyme (Wako Chemical Industries) with
10 pmoles of HHV-8 gene-specific primers. PCR products were
analyzed by agarose gel electrophoresis and ethidium bromide
staining. The primers for ORFK13 (v-FLIP), ORF72 (v-cyclin),
ORF73 (LANA), ORF50 (Rta), ORFK9 (v-IRF) and ORF74
(v-GPCR) are the same as those used in the previous reports.(27–29)

For the real-time RT-PCR, cDNAs were synthesized by
PrimeScript RT Reagent Kit (TAKARA Bio Inc., Shiga, Japan).
PCR was performed with a SYBR Premix ExTaq (TAKARA
Bio Inc.) and the primer sets are listed in Table 1. Reactions
were performed with a Thermal Cycler Dice Real Time System
(TAKARA Bio Inc.) and analyzed using the manufacturer’s
software. For quantification, the expression levels of six genes
were normalized with that of GAPDH gene.

In vivo therapeutic effect of DHMEQ. Twenty male CB17 SCID
mice were obtained from CLEA Japan Company. Mice at 5
weeks old were injected with 4 × 106 TY1 cells intraperitoneally.
In the treatment group, DHMEQ dissolved in 0.5% carboxymethyl
cellulose (CMC) (Sigma, St. Louis, MO, USA) solution was
administered into the intraperitoneal region at a dose of 8 mg/kg,
beginning 1 day before the inoculation and 3 times a week
thereafter for 1 month. In the control group, mice were treated
with dimethyl sulfoxide (DMSO) dissolved in 0.5% CMC
solution by the same procedure. Mice were observed for 3
months and survival curves were calculated by Kaplan and
Meier’s method. The statistical significance was examined
by Cox-Mantel test. A P-value < 0.05 was considered to be
statistically significant.

Results

NF-kB activation was abrogated in PEL cell lines by DHMEQ.
NF-κB is constitutively activated in primary PEL cells and cell
lines derived from them.(9,30) Thus, we first confirmed NF-κB
activation by EMSA and analyzed its subcomponents by
supershift assays, using TY1, BCBL1 and BC1 cell lines. The
results confirmed constitutive activation of NF-κB in BCBL1
and BC1 cell lines as previously reported,(9,30) and NF-κB
activation was first confirmed in TY1 in this experiment.
Supershift analyses showed that NF-κB bands were composed
of p50, p65 and RelB in all cell lines, indicating constitutive
activation of both canonical and non-canonical pathways.
Furthermore, it was clearly demonstrated that the major NF-κB
binding signals are composed of two bands, the lower one
containing p50 and upper one p65 (Fig. 1A).

We next tested the effects of DHMEQ treatment of these
cells. Results of EMSA demonstrated loss of DNA binding of
NF-κB after 1–3 h. However, all cell lines showed significant
recovery of NF-κB activities after short periods. TY1 and
BCBL1 cells lost NF-κB binding activity at 1 h; however, recovery
was evident at 3 or 6 h with almost full recovery at 24 h. BC1
cells recovered almost the initial level of NF-κB activity after
24 h (Fig. 1B). These results indicated that DHMEQ could
transiently inhibit NF-κB activity in PEL cell lines with partial
or full recovery of the activities in 1 day. In other lymphoid cell
lines, recovery of NF-κB activity after DHMEQ treatment was
not observed in 1 day,(16–18) although a weak binding of NF-κB
could be detected sometimes at later time points (unpublished
observation). Thus, relatively quick recovery of NF-κB activity
appears to be a unique feature of PEL cell lines.

DHMEQ reduced cell viability in PEL cell lines. Next we examined
the cell viability after 3 days incubation with different

Table 1. Primers used in the real time quantitative reverse transcription–
polymerase chain reaction

Gene Sequence of oligonucleotide

DDIT3 sense 5′-GCCAAAATCAGAGCTGGAAC-3′
antisense 5′-TCTTGCAGGTCCTCATACCA-3′

DEDD2 sense 5′-GCAGTCAAGCAGTTCTGCAA-3′
antisense 5′-CACAGGTCACTTTGCCTTCA-3′

p21 sense 5′-GCAGACCAGCATGACAG-3′
antisense 5′-TAGGGCTTCCTCTTGGA-3′

IL6 sense 5′-GGTACATCCTCGACGGCATCT-3′
antisense 5′-GTGCCTCTTTGCTGCTTTCAC-3′

BIRC3 sense 5′-CAGCCCGCTTTAAAACATTC-3′
antisense 5′-ACCCATGGATCATCTCCAG-3′

MYC sense 5′-GCCACGTCTCCACACATCAG-3′
antisense 5′-TCTTGGCAGCAGGATAGTCCTT-3′
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concentrations of DHMEQ (2.5, 5, 7.5 and 10 μg/mL). The results
demonstrated a dose-dependent decrease in the cell viability for
all PEL cell lines, but not for a control cell line, K562, without
NF-κB activation. Peripheral blood mononuclear cells (PBMCs)
and primary B-cells were shown to be resistant to DHMEQ
treatment,(15,16,26) and most B-cell lines without HHV-8 or EBV
were sensitive to DHMEQ when they have activated NF-κB.(16,17)

The decrease in the cell viability was also time-dependent as we
measured the cell viability at 24, 48, and 72 h after DHMEQ
(10 μg/mL) treatment (Fig. 2). Thus, DHMEQ decreased the PEL
cell viability in a dose- and time-dependent manner.

DHMEQ induced apoptosis in PEL cell lines. After 24 h of
DHMEQ treatment (10 μg/mL), Annexin V reactivity was
examined. Propidium iodide (PI) staining was included to
discriminate the necrotic cells from apoptotic ones. Flow cytometry
demonstrated a significant shift of the cell population toward
Annexin V-positive areas in all cell lines, although some of
the cells shifted toward PI-single positive areas (Fig. 3A).
Summarized results are shown in Table 2, where results of three
triplicate independent experiments are presented with the
mean and SD. Furthermore, TUNEL assay demonstrated DNA
fragmentation in all cell lines at 48 h (Fig. 3B). These results
provided evidence for apoptosis induction by DHMEQ treatment
in PEL cell lines.

DHMEQ activated both membrane and mitochondrial caspase
pathways. Apoptosis can be induced via membrane and/or

mitochondrial stimuli, each of which has their own specific
pro-caspases to become active after receiving stimuli. Carboxy-
fluorescein FLICA Apoptosis Detection Kit revealed cleaved
products of caspases-3, -8, and -9 at the same time after 6 h of
DHMEQ treatment (Fig. 4A). Immunoblot analyses clearly

Fig. 1. Dehydroxymethylepoxyquinomicin (DHMEQ)
inhibited constitutive NF-κB binding activity in
primary effusion lymphoma (PEL) cell lines. (A)
Sub-components of NF-κB activity in PEL cell lines.
Nuclear extracts (1 μg) of cells were subjected
to supershift analysis with indicated antibodies.
(B) Effect of DHMEQ on NF-κB binding activity.
PEL cell lines (TY1, BCBL1 and BC1) were treated
with DHMEQ (10 μg/mL) for indicated hours.
Nuclear extracts were examined for NF-κB binding
activity by electrophoretic mobility shift analysis
(EMSA) with a radio-labeled NF-κB-specific probe.
Lower panels: results of Oct –1 probe as controls.

Table 2. Quantitative results of staining primary effusion lymphoma
(PEL) cell lines with Annexin V and propidium iodide (PI)

DHMEQ BCBL1 (%) TY1 (%) BC1 (%)

UL (–) 0.71 ± 0.14 1.96 ± 1.07 0.55 ± 0.09
(+) 7.13 ± 3.82 6.06 ± 0.50 5.04 ± 1.60

UR (–) 1.94 ± 0.57 2.84 ± 1.92 1.96 ± 1.02
(+) 45.92 ± 17.04 37.89 ± 15.36 38.53 ± 20.95

LL (–) 95.37 ± 0.29 90.91 ± 4.07 93.10 ± 2.13
(+) 34.70 ± 11.14 33.62 ± 0.82 43.58 ± 12.14

LR (–) 1.96 ± 0.45 4.28 ± 1.61 4.37 ± 2.20
(+) 12.34 ± 2.97 22.41 ± 14.32 12.83 ± 9.69

PEL cells incubated with or without dehydroxymethylepoxyquinomicin 
(DHMEQ) (10 μg/mL) for 24 h and stained with Annexing V and PI. 
Then, analyzed with flow cytometry. Upper left (UL), upper right (UR), 
lower left (LL) and lower right (LR) quadrants are responsible for PI 
positive only, PI and AnnexinV positive, PI and Annexin V negative, 
Annexin V positive only cell populations, respectively. Results are mean 
value ± SD of 3 triplicate independent experiments.
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Fig. 2. Dehydroxymethylepoxyquinomicin (DHMEQ)
reduced viability of primary effusion lymphoma
(PEL) cells. PEL cell lines and K562 cells were
treated with indicated concentrations of DHMEQ
for 72 h (A) or were treated for the indicated hours
with 10 μg/mL of DHMEQ (B). K562 cell line, without
NF-κB activation, was used as a control. The cell
viability was determined by WST-8 (Dojindo). The
mean percentages of triplicate experiments
compared with untreated cells are shown with
standard deviation (SD).

Fig. 3. Dehydroxymethylepoxyquinomicin (DHMEQ)
induced apoptosis in primary effusion lymphoma
(PEL) cell lines. (A) Annexin V reactivity in PEL cell
lines after DHMEQ treatment. A representative
result of three triplicate independent experiments
is presented. PEL cell lines were treated with or
without DHMEQ (10 μg/mL) for 24 h, and binding
of Annexin V and intercalation of propidium iodide
(PI) were analyzed by flow cytometry. (B) DNA
fragmentation in the PEL cell lines after DHMEQ
treatment. Terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) assay
was done for PEL cell lines after 48 h incubation
with or without DHMEQ (10 μg/mL).
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demonstrated production of cleaved products of caspase-3, -8 and
-9 at the same time after 6 h of DHMEQ treatment (Fig. 4B).

Taken together, the results suggested that both caspase
pathways became active in the PEL cell lines as a result of
incubation with DHMEQ for 6 h.

DHMEQ modulated NF-kB target genes, apoptotic and cell cycle
regulating genes. Whole human genome expression analysis was
done to obtain a comprehensive view of DHMEQ effect on
PEL cell lines, and to confirm the efficient targeting of the
NF-κB pathway. DHMEQ down- or up-regulated expression
levels of 72 and 71 genes, respectively, in BC1 and BCBL1 cell
lines (Fig. 5A). Down-regulation was observed in NF-κB target
genes, such as IL6, Myc, CCR5, BCL-xL, cIAP2 and NF-κB1.
Bcl-xL, c-IAP2, and NF-κB1 are also anti-apoptotic genes.
Other anti-apoptotic genes, such as Birc5 and IGF1R, were
down-regulated. However, some anti-apoptotic genes including
SSP1, VEGF, MIF and BAG3 were up-regulated. Some of
pro-apoptotic genes such as DEDD2, CDKN1A and APOE were
up-regulated, whereas TNFSF10 was down-regulated. Most of
the genes involved in cell cycle arrest were up-regulated, the
examples of which were CDKN1A, CDKN1B, PPP1R15 A and
DDIT3 (Supporting Information).

For validation of above results, we performed real-time
RT-PCR analysis. For this purpose, we selected three up-
regulated and three down-regulated genes. The results provided
evidence that validate the results of expression array analysis,
showing up- or down-regulation of the selected genes (Fig. 5B).
Furthermore, the levels of up- or down-regulation appeared to
well correlate with those obtained by the expression array analysis
described above.

Since the genes involved in cell cycle arrest were induced by
DHMEQ, we next examined effects of DHMEQ treatment on
the cell cycle regulating using three cell lines. The results showed

significant accumulation of the cells in G2/M phase at 6 h of
treatment (Fig. 5C,D).

Gene ontology analysis on the genes the expression levels of
which were significantly altered by the addition of DHMEQ in
BC1 cells (P-value < 0.01) revealed that the majority of the
genes in the following categories were down-regulated: (i)
negative regulators of NF-κB import to the nucleus; (ii) IκB
kinase and NF-κB cascade; (iii) negative regulators of apoptosis;
(iv) DNA repair; and (v) cell cycle checkpoint. In contrast, the
majority of the genes in the following categories were up-
regulated: (i) positive regulators of apoptosis; (ii) cell cycle
arrest; and (iii) regulators of cyclin-dependent protein kinase
activity (Fig. 5E).

Taken together, we observed a trend toward induction of
pro-apoptotic and cell cycle arrest genes, concomitant with
suppression of NF-κB target, anti-apoptotic and DNA repair
genes.

DHMEQ did not induce HHV-8 reactivation. Semi-quantitative RT-
PCR was done to examine changes in the viral gene expression
after the DHMEQ treatment. Some viral genes known as ‘lytic
genes’ were selected as well as those with important viral
functions. The results demonstrated low or undetectable levels
of lytic gene expression without significant changes until 14 h of
treatment, suggesting that NF-κB inhibition by DHMEQ
treatment did not lead to viral production in these cells (Fig. 6).
Expression levels of v-FLIP, v-cyclin, and LANA were slightly
up-regulated after 3–6 h of DHMEQ treatment, returning to the
basal levels after 14 h. It is worthy of note that v-FLIP, a potent
viral activator of NF-κB pathway, showed almost constant levels
of expression irrespective of DHMEQ treatment. Taken together,
we could not obtain evidence for induction of virus proliferation
that was previously reported as an effect of NF-κB inhibition in
PEL cell lines.(31)

Fig. 4. Both membrane and mitochondrial caspase pathways were activated by dehydroxymethylepoxyquinomicin (DHMEQ) treatment of primary
effusion lymphoma (PEL) cells. (A) Cleaved products of caspases were detected after DHMEQ treatment (10 μg/mL) for 6 h. Caspase 3, responsible
for the common pathway, caspase 8, as an indicator for the membrane pathway, and caspase 9 as an indicator for the mitochondrial pathway.
Jurkat cell line treated with etoposide 50 μM for 4 h served as a control. DNAs were stained by Hoechst 33258 (blue fluorescence). Green
fluorescence indicated cleaved products of caspases bound to FLICA peptides. (B) Immunoblot analysis of caspase cleavage. TY1 and BC1 cells were
treated with 10 μg/mL of DHMEQ for 6 h. Samples of 30 μg of whole cell lysates were examined. Positions of cleaved forms of caspase 3 and 9 are
indicated on the left of the upper two panels (arrows). In the third panel, uncleaved and cleaved forms of caspase 8 are indicated on the left
(arrowhead: uncleaved). An immunoblot of α-tubulin served as a control (bottom panel).
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Fig. 5. Dehydroxymethylepoxyquinomicin (DHMEQ)
modulated genes responsible for proliferation, cell
cycle, pro- and anti-apoptosis. Whole Human
Genome Oligo Microarray Kit (Agilent Technologies)
was used to evaluate the gene expression in BC1
and BCBL1 with or without DHMEQ (10 μg/mL),
6 h. (A) The result of cluster analysis showed
significant changes in expression levels between
±DHMEQ in both cell lines (t-test, P-value < 0.01).
(B) Results of real-time reverse-transcription–
polymerase chain reaction for validation of the
array data. Up- or down-regulation of selected
genes was confirmed in both cell lines tested. (C)
Effects on cell cycle regulation. Representative
results of flow cytometry after 6 h of DHMEQ are
presented. TY1 cells appear to be a mixture of
2 N and 4 N populations. (D) Percentages of cells
in G2/M phase. In TY1 cells, the percentage of
the 8 N region was considered to represent a
significant part of the cells at G2/M, and was used
for comparison. Differences were statistically
significant (*1, P < 0.05, *2, P < 0.05, *3, P < 0.001)
(E) Gene ontology analysis on BC1 genes of which
expression levels were significantly changed by
addition of DHMEQ (t-test, P-value < 0.01). The
graph shows numbers of the genes in following
selected categories: a, negative regulators of NF-κB
import into nucleus; b, IκB kinase and NF-κB
cascade; c, positive regulators of apoptosis; d,
negative regulators of apoptosis; e, DNA repair;
f, cell cycle arrest: g, cell cycle checkpoint; h,
regulators of cyclin dependent protein kinase
activity. Positive and negative areas represent
the number of up-regulated genes, and those of
down-regulated genes, respectively.
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Fig. 5. Continued

Fig. 6. Viral gene expression after dehydroxymeth-
ylepoxyquinomicin (DHMEQ) treatment showed
no transition from latent to lytic phase. Viral gene
expression after DHMEQ treatment (10 μg/mL) at
different time points was examined by semiquan-
titative reverse-transcription–polymerase chain
reaction. Two micrograms of total RNA were used
to prepare cDNA using oligo(dT)12–18 primer. GAPDH
and RT(–) served as controls.

Fig. 7. Dehydroxymethylepoxyquinomicin (DHMEQ)
rescued primary effusion lymphoma (PEL) xenografted
mice. Mice at 5 weeks old were injected with
4 × 106 TY 1 cells intraperitoneally. DHMEQ
(8 mg/kg) in 0.5% CMC was administered three
times a week intraperitoneally for 1 month.
Dimethyl sulfoxide in 0.5% CMC was administered
to the control group. (A) Gross appearances of the
mice. (B) A graph showing weights of mice with
mean values. (C) Survival curves of mice with or
without DHMEQ treatment.
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DHMEQ showed a potent inhibitory effect on the growth of PEL
cells in SCID mice. We next examined whether DHMEQ treatment
could be effective against xenografted tumors in a SCID mice
model. TY1 cells were injected intraperitoneally into the SCID
mice and DHMEQ or vehicle alone was administered according
to the protocol described in the Materials and Methods section.
The gross appearance of the mice with or without DHMEQ
treatment was significantly different, showing abdominal
distention in vehicle-treated mice, whereas DHMEQ-treated
mice were apparently normal in body shape. The body weights
of the DHMEQ-treated mice were much less than those of
vehicle-treated mice after 1 month, although the difference was
not statistically significant (Fig. 7A,B). DHMEQ treatment
rescued 8/10 xenografted mice at the point of 3 months, whereas
only 3/10 survived in the vehicle-treated control group. The
results are similar to those of our previous experiments in
animal models of adult T-cell leukemia (ATL).(32,33) Statistical
analysis showed a significant increase in the survival rate in the
mice treated with DHMEQ compared with the control (Cox-Mantel
test; P < 0.05, Fig. 7C). These results demonstrated that DHMEQ
was effective against PEL cells in vivo, which provided supportive
evidence for possible clinical application.

Discussion

The present work demonstrated that DHMEQ transiently abrogated
the NF-κB activation in PEL cell lines with significant recovery
of NF-κB activity after 24 h. Apoptotic cell death was observed
in a few days without reactivation of HHV-8. Furthermore,
DHMEQ rescued PEL-xenografted SCID mice preventing formation
of tumors and effusions. Thus, we suggest DHMEQ as a promising
candidate for molecular targeted therapy of the PEL.

NF-κB activity recovered significantly after 24 h of DHMEQ-
treated PEL cell lines, which was not observed in other
lymphoid cell lines we have so far tested,(16–18) although low
levels of NF-κB recovery were observed after 24 h or later
(unpublished observation). Thus, the rapid and significant
recovery of NF-κB activity can be considered as a characteristic
of PEL cell lines. Transient NF-κB inhibition can be an advan-
tage for DHMEQ compared with other NF-κB inhibitors, since
persistent inhibition of the NF-κB pathway may lead to adverse
effects on innate and acquired immune systems where NF-κB
plays a pivotal role. The mechanism for recovery of the NF-κB
activity remains to be studied. It may be due to degradation
of DHEMQ within the cells and/or persistence of the NF-κB
activating stimuli that can overcome the effects of DHMEQ. No
information is available at present as to the half-life of DHMEQ
in the cell. On the other hand, persistence of high levels of
NF-κB activating signals may be explained by v-FLIP, a
well-known viral stimulator of the NF-κB pathway,(7,34,35) that
was expressed at stable levels irrespective of DHMEQ treatment
(Fig. 6).

Another benefit of DHMEQ may reside in targeting the
translocation of p65 into nuclei. Generally, target specificity of
kinase inhibitors is not strict. For example, Bay11-7083 has
non-specific activities on other kinases along with tyrosine
phosphorylation of a protein of unknown origin.(36) Furthermore,
Bay11-7085 does not inhibit translocation of p65 into nuclei,
and shows non-specific inhibition of binding of other transcription
factors to its binding sequences.(37) On the other hand, DHMEQ
treatment results in disappearance of p65 and p50 in the nuclei
of cell lines of Hodgkin-Reed-Sternberg (H-RS) cells and ATL,
not affecting binding of other transcription factors such as AP-1
and Oct1 in EMSA.(15,16) Taken together, the specific activity of
DHMEQ appears to be an advantage over other NF-κB inhibi-
tors with respect to avoiding adverse effects.

The apoptosis cascade was triggered with transient abrogation
of NF-κB by DHMEQ treatment. Furthermore, subsequent

recovery of NF-κB activity could not rescue the DHMEQ-
treated PEL cells, suggesting that DHMEQ triggered irreversible
activation of the apoptosis cascade. These observations are in
line with those discussed in the context of ‘oncogene addiction’
and ‘oncogenic shock’.(38–40) Sharma et al. proposed a model
referred to as ‘oncogenic shock’ to account for the observed
apoptotic outcome resulting from the acute inactivation of
oncoproteins in addicted cancer cells. According to this model,
proapoptotic as well as prosurvival signals are both outputs
emanating from the same addicting oncoprotein, and the
differential decay rates associated with these two broad classes
of signals following oncoprotein inactivation, leads to a signal
imbalance that contributes to cell death.(39,40) The results of our
gene ontology analyses demonstrated that more anti-apoptotic
genes are down-regulated at 6 h compared with pro-apoptotic genes
(Fig. 5B), which suggest a condition after acute inactivation of
the oncoprotein, where rapid attenuation of oncoprotein-
generated prosurvival signals is associated with lingering
pro-apoptotic signals.

The pathway analysis of apoptosis revealed activation of both
membrane and mitochondrial pathways, which is evidenced by
detection of cleaved products of caspases-8 and -9 at the same
time. Previously we reported the same results using human
T-cell leukemia virus type I-transformed cells and cell lines of
H-RS cells and multiple myeloma.(15,16,18) Since links between
the receptor and the mitochondrial pathways exist at different
levels, upon death receptor triggering, activation of caspase-8
may result in cleavage of Bid, a Bcl-2 family protein with a BH3
domain only, which in turn translocates to mitochondria to release
cytochrome c thereby initiating a mitochondrial amplification
loop.(41,42) In addition, cleavage of caspase-6 downstream of
mitochondria may feed back to the receptor pathway by cleaving
caspase-8.(43) Thus, the data can be interpreted in either context,
leaving the exact mechanism of DHMEQ-induced apoptosis
remaining to be studied.

DHMEQ did not induce transition from the latent to lytic
phase of HHV-8 (Fig. 6). There are controversies as to whether
inhibition of NF-κB leads to replication of HHV-8,(31) or not.(10)

Another investigator suggested that NF-κB is necessary for
HHV-8 replication.(44) However, we did not find any significant
differences in the expression of known lytic genes after NF-κB
inhibition (Fig. 6). Thus, our results did not support the idea that
DHMEQ administration may increase the risk for viral replica-
tion. Furthermore, the latent viral genes such as LANA, v-FLIP,
or v-cyclin did not show significant changes in the levels of gene
expression. RNA interference results showed that v-FLIP is
essential for the survival of PEL cells.(8) Our data indicated that
NF-κB activation, not v-FLIP itself, was essential for survival of
PEL cells, since apoptosis was induced in the presence of stable
levels of v-FLIP expression.

Inhibition of NF-κB causes profound effects on cellular gene
expression by direct and indirect mechanisms. The results of
expression array analysis confirmed down-regulation of many
NF-κB target genes, which was mostly in accordance with pre-
viously reported results of NF-κB inhibition by Bay11-7082 in
EBV-infected lymphoblastoid cell lines.(45) Although the sup-
pressions of IL6 and cIAP2 were observed previously by using
Bay11-7082 on a PEL cell line,(10) we could not find significant
suppression in c-FLIP, cIAP1, TRAF2 or IκBα as they reported.
Instead, we found Bcl-xL, Myc, CCR5, NF-κB1 and FAS
among the down-regulated genes. These differences could be
due to different agents used, with different specificity of activi-
ties. Suppression of other anti-apoptotic or cell cycle progression
genes could be mediated by the functions of other genes,
which were modulated by NF-κB inhibition. The result of gene
ontology biological process analysis of the genes with signi-
ficant changes in expression levels were reasonable because it
showed a trend toward induction of pro-apoptotic and cell cycle
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arrest genes, concomitant with suppression of IκB kinases,
anti-apoptotic and DNA repair genes. The results appear to
represent the expression profile corresponding to ‘oncogenic
shock’.(39,40)

In vivo experiments showed that PEL xenografted mice with-
out treatment tended to be heavier, both in appearance and
weight. Although we could not find statistical significances
between the two groups, the mean value of the body weight was
higher in the control group, which was explained by the fact that
untreated mice developed tumors and effusion in body cavities.
Besides, the treated group apparently did not have either effu-
sions or tumors. The survival rate was significantly better in the
treated group, indicating that DHMEQ could rescue the PEL-
xenografted mice.

In summary, the present work demonstrated that DHMEQ
could abrogate NF-κB activation transiently and initiated the
apoptosis cascade irreversibly without activation of HHV-8
replication. In addition, DHMEQ rescued the xenografted
mice. Therefore, our data provided proof of the concept that
DHMEQ can be a promising candidate for molecular target
therapy of the PEL.
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Additional Supporting Information may be found in the online version of this article:

List of up-regulated genes after DHMEQ (10 μg/mL for 6 h) treatment in BC1 and BCBL1 calculated by GeneSpring software (T-test, P-value < 0.01).
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