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9, and 12 months. Paticnts scen at the National Institutes of Health Clinical
Center returned their bottles of medication, and pill counts were performed.
Nearly all of these patients had an excellent rate of compliance with the study
medication. Of 56 subjects, 45 completed the study. Five subjects were excluded
from analysis due to insufficient peripheral blood mononuclear cetls (PBMCs)
available tor all five time points or no detectable EBV DNA in the blood at uny
time point throughout the study. All other subjects had measurable levels of
EBV DNA for at lcast three different time points, including day G.

Isolation of DNA from B cells and real-time PCR. PBMCs were isolated from
whole blood and stored in liquid nitrogen. For cach subject, samples from cach
time point were thawed and processed at the same time. B cells were isolated by
ncgative sclection (human B-cell isolation kit; Miltenyi Biotec, Germany), re-
suspended in 100 to 200 pl of phosphate-buffercd saline, and counted. Prelim-
inary experiments showed no notable inhibition of the real-timc PCR with fewer
than 10* cclls but mild to modest inhibition with more than 5 < 10* cellshwell.
Therefore, the concentration of cells was adjusted to 4,000 cells per 5 pi (some
experiments used 1,500 to 8,000 cells per 5 pl), and 5 pl of B cells was plated into
wells of a 96-well real-time PCR plate and stored at —20°C. For all specimcens,
a small portion of leftover cell suspension was stained with anti-CD20 monoclo-
nal antibody conjugated with phycoerythrin (BD Pharmingen, San Dicgo, CA),
and the purity of B cells was determined by flow cytometry. In most experiments,
the fraction of B cells in cach cell suspension was >80%, All plates from the
same subject were thawed at the same time, and 5 il of buffer containing
proteinase K and Tween 20 was added to cach well to disrupt cells as previously
described (13). Quantitative real-time PCR amplification was performed by
adding 15 1l of PCR master mix (Eurogentee North America, San Diego, CA)
containing EBV BamHI W primers and probes (12) to ¢ach well of B-ccll DNA.
The limit of detection using this PCR system is 4 copies per reaction, based on
cxperiments using standard curves obtained with scrial dilutions of a plasmid
with a single copy of BamHI W. Since EBV genomes contain 5 to 12 copies of
BamHI W repcats (1) and cach infected cell contains at Icast one EBV genome,
this system has the potential to detect a single EBV-infected celi per well. Since
we did not know the number of BamHI W repeats for cach patient’s virus, we
expressed the data as the number of EBV DNA copies per infected cell. We
compared cach paticnt to him- or herscif over time, and the number of copics of
BamHI W repeats per viral genome is not likely to change in a given patient.

Calculations to determine the number of EBV-infected cells and average EBY
genome copy number per infected cell. In the real-time PCR plates, most wells
were negative for EBV DNA because of the low frequency of EBV-infected ccls
in hcalthy subjects. The number of positive wells depended on the frequency of
EBV-positive B cells, the purity of B cells, and the number of cells applicd to
cach well. Since the number of EBV-positive B cells per well was very low, we
uscd a Poisson distribution to calculate this number (as we previously described
for calculating the number of HSV-positive cells per well [13]). We defined the
total number of wells in the plate as 7 and the number of EBV-positive wells as
v. We assume that the number of EBV-infected cells per well follows a Poisson
distribution with parameter a. Assuming a Poisson distribution for the number of
EBV-positive cclls within a well, the probability that a well has at lcast onc
positive cell is 1 — ¢ {where ¢ is the base of the natural logarithm), Thus, an
cstimate of a is obtained by cquating the observed proportion of positive wells,
ory/n, to 1 - ¢ 7 Solving this cquation for ¢ givesa = —~In(1 — y/n). For plates
without any positive wells, i.c.,y = 0, this cstimate is 0 regardless of the valuc for
the number of total wells (n). However, plates with many wells have a more
reliable 0 than plates with few wells. We thus smoothed the data to address this
issuc and pretended that cach plate had one additional well that was 0.5 positive
and estimated ¢ as follows: @ = —In[1 — (y + 0.5)/(n + 1)]. Instead of cstimating
the proportion of positive wells by the ratio y/n, we used (y + 0.5)/(n + 1), which
is the Bayesian posterior mean of the proportion of negative wells under a
Jeffreys noninformative prior (5). Thercfore, the cstimation of the number of
EBV-positive cells/well is as follows: a = —InfL — (y + 0.5)/(n + 1)]. This can be
viewed loosely as the “middle” of a confidence interval for the true proportion of
positive wells. This smoothing method gives modestly higher estimates for plates
with positive wells and has values closer to zero for totally negative plates with
many wells compared to totally negative plates with few wells.

We can also cstimate the frequency of a B cell being infected by EBV as
follows: ¢ = a/(m X p/100), where m is the number of cells per well and p is the
purity of B cells (%). We thus cstimate ¢ as follows: ¢ = a/(m X p/100) =
=ln[t — (v + 0.5)/(n + 1/3}/(m X p/100). To estimate the average number of
EBV DNA copics per infected cell, the sum of all EBV genomes in a plate ()
was determined dircetly from real-time PCR resuits and was divided by an
estimate of the number of EBV-positive B cells in the plate (¢ % n). For example,
if a plate contained three EBV-positive wells, with 110, 58, and 152 EBV copics,
S equaled 320. Sce Table 1 for an cxample.

J. ViroL.
TABLE 1. Sensitivity of real-time PCR assay
No Total No. of Obscrved Predicted No. of
P EBY- frequency of  frequency of EBYV DNA
of X50-7 no. of . 7. 2. C
collsiwell  wells positive  EBV-positive  EBV-positive  copies/infected
wells wells” wells” cel¥
0.00 16 0 0.00 0.00 NA
0.25 24 3 0.13 0.22 19.3
1.00 24 12 0.50 0.63 28.4
4.00 24 23 0.96 0.98 18.9

¥ Observed frequency of EBV-positive wells = number of EBV-positive wells
(third column) divided by total number of wells (second column).

" Predicted frequencics of EBV-positive wells were caleulated from the Pois-
son distribution (sce text for details).

< Calculation of the number of EBV DNA copies/infected cell is described in
Table 2, footnote ¢, and in the text. NA, not applicable,

RESULTS

Development of a technique to estimate the frequency of
EBV-positive cells and the average number of EBV DNA cop-
ies/B cell in healthy persons. We initially tried to determine
the number of EBV DNA copies in B cells isolated from
PBMC:s by using real-time PCR, but we found that viral loads
in healthy individuals were too low to detect in a reproducible
fashion; therefore, we used a novel approach involving quan-
tification of the EBV DNA copy number using limiting dilution
of B cells and real-time PCR, similar to the approach previ-
ously described for quantifying HSV DNA in ganglion cells
(13). This method allowed us to estimate both the frequency of
EBV-positive B cells and the average number of copies of EBV
genomes per EBV-infected cell.

We initially tested the sensitivity of the assay using an EBV
cell line, X50-7, with a known number of copies of EBY DNA
per cell (2). Serial fourfold dilutions of X50-7 cells (beginning
at four cells per well) were added to EBV-negative BJAB cells
(4,000 BJAB cells/well), and the number of EBV-positive wells
and number of EBV DNA copies per infected cell were deter-
mined. The observed frequency of EBV-positive wells for each
dilution was similar to the predicted frequency based on the
Poisson distribution, and the average number of EBV DNA
copies per EBV-positive X50-7 cell for each dilution was con-
sistent (Table 1). Based on the Poisson distribution, the prob-
ability that any well contained two or more EBV-positive cells
when EBV-positive cells were plated at a concentration of 0.25
cells per well was 2.6% [(1 — 1.25 e7"%) X 100]. Therefore,
we expected only 1 EBV-positive cell per well when the cells
were plated at a concentration of 0.25 EBV-positive cellsfwell.
Since we were able to detect EBV DNA in some wells with an
average of 0.25 EBV-positive cells per well, our real-time PCR
system was able to detect single EBV-positive cells in a well.

We next tested blood bank donors for EBV-positive B cells
and EBV DNA copy numbers, using the assay. For blood bank
donor A, 8 of 56 wells were positive for EBV DNA (Table 2,
columns 2 and 3), and we estimated the number of EBV-positive
cellsiwell as follows: @ = —In[l — (8 + 0.5)/(56 + 1)] =
0.161 (Table 2, column 4 and footnote a). Based on the esti-
mate of the number of EBV-positive cells/well (0.161), the
number of cells added to each well (2,500), and the purity of
the B cells (87.9%) (Table 2, columns 4, 5, and 6, respectively,
and footnote @), there was an estimated (0.161 X 107)/(2,500 X
87.9) = 7.35 EBV-positive cells/10° B cells (Table 2, column 7
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TABLE 2. Estimation of numbers of EBV-infected B cells and EBV DNA copies per infected cell in blood bank donors

Total f No. of EBV- Estimation of no. No. of cells Purity of B No. of EBV- Sum of EBV No. of EBY DNA
Donor °© d“ noA)o positive wells of EBV-positive added to cells (%) positive cells/10° DNA copics copies/infected
wells (1 (v} cells/well” {a) well (m) (2] B cells” (¢) ) cellt
A 56 8 0.161 2,500 87.9 7.35 2,062 229
32 9 0.340 3,000 945 11.98 1,432 132
B 44 2 0.057 3,500 95.6 1.71 449 179
88 8 0.100 4,000 96.4 2.60 1,003 114
C 88 38 0.567 4,000 83.5 16.96 3,583 71.8

38 14 0.465 4,000 76.2 15.25 2,168 123
D 44 18 0.530 3,310 94.0 17.02 3,136 135
44 13 0.357 3,430 92.4 11.25 1,909 122
88 34 0.491 3,570 92.4 14.87 2,354 123
85 29 0.420 3,620 89.7 12.94 1,317 66
88 50 0.838 4,000 94.3 2222 3,862 114

« Estimation of number of EBV-positive cellsavell, @ = —Inf1 — {y + 0.5)/(n + 1}|, where 2 is the total number of wells in the plate (sccond column) and y is the

number of EBV-positive wells (third column).

” The number of EBV-positive cclls/107 B cells, g = (a X 107)/(m X p), where a is the estimation of the number of EBV-positive celisfwell (fourth column), m is
the number of cells in a well (fifth colunmn), and p is the percent purity of B cells (sixth column). Each well contains (i X p)/100 B cells.

¢ The number of EBY DNA copiesfinfected cell = S/(a x n), where S is the sum of all EBV genome numbers from a plate (cighth column; obtained dircetly from
real-time PCR results), a is the estimation of the number of EBV-positive cells/well (fourth column), and n is the number of wells in the plate (second column).

Thercfore, (¢ X n) is the number of EBV-positive celis in the plate.

and footnote b). Using the total number of wells (56), the
estimate of the number of EBV-positive cells/well (0.161), and
the sum of EBV DNA copies in the plate (2,062) (Table 2,
columns 2, 4, and 8, respectively), there was an average of
2,062/(0.161 x 56) = 229 EBV DNA copies/infected B cell
(Table 2, column 9 and footnote c), since our primers and
probe for real-time PCR detect each copy of the BamHI W
repeat. In a second experiment using cells from the same
donor drawn on the same day, 9 of 32 wells were positive for
EBV, with an estimated 11.98 EBV-positive cells/10° B cells
and an average of 132 EBV DNA copies/infected B cell. In
experiments with cells from blood bank donors B, C, and D,
the numbers of EBV-infected B cells and copies of EBV DNA
per B cell were similar for a given donor from the same day in
independent experiments, with different numbers of wells and
purities of B cells (Table 2). The mean number (+ standard
deviation) of EBV-positive cells per 107 B cells for donors A,
B,C,and Dwas 9.7 £ 3.3,22 £ 0.6, 16.1 = 1.2,and 15.7 = 4.3,
respectively. The mean number (*+ standard deviation) of
EBV DNA copies per infected cell for donors A, B, C, and D
was 181 + 69, 147 * 46, 97 = 36, and 112 = 27, respectively.
Thus, this method provides an estimation of the frequency of
EBV-positive cells and the average number of EBV DNA
copies/B cell at low viral loads with reasonable reproducibility.

The number of EBV-infected B cells declines during valacy-
clovir treatment in healthy persons. Using this approach, we
determined the number of EBV-infected B cells and the aver-
age number of EBV DNA copies per infected cell for patients
receiving valacyclovir or no antiviral therapy in the clinical
study. There were 21 subjects in the control group and 19
subjects in the valacyclovir group. We analyzed the rate of
change in the number of EBV-infected cells for each subject
over time, since a large variation in the number of EBV-
infected B cells between subjects could underestimate the dif-
ference in the change in virus-infected cells. The number of
EBV-positive cells per 10° B cells was plotted against time, in

months, for the first three patients enrolled in each group (Fig.
1). While there was variation during the five time points, we
were able to plot a linear regression line for each subject. We
then determined linear regression lines and slopes for the
number of EBV-positive cells per 10° B cells over time for all
of the subjects in the study (Fig. 2; data used to generate
regression lines are shown in the supplemental material).
There was considerable variability in the starting value (y in-
tercept) of each line as well as in the slope of the regression
line among subjects even within the same group. The average
of the regression lines (thick gray lines in Fig. 2A) was rela-
tively flat {or the control group but had a negative slope lor the
valacyclovir group. The mean of the slopes for the valacyclovir-
treated group was —2.8 X 1072 = 1.2 X 107 */month and was
statistically different from a slope of 0 (P = 0.02), while the
mean of the slopes for the control group was —0.1 X 1077 %
0.8 x10™*/month, which was not statistically different from 0

EBV(+) cells per 105 B cells (Log1g)

Months of Study

FIG. 1. EBV-positive cells per 10° B cells over time and linear
regression lines for the first three subjects from the valacyclovir
(A) and control (B) groups. Each symbol connected with a broken line
represents data for one subject. Solid lines associated with symbols
indicate linear regression lines of the data for each subject.

Months of Study
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FIG. 2. Rate of change (slope) in the number of EBV-infected B
cells over time. (A) Linear regression lines for individual control sub-
jects (left) and valacyclovir (VACYV) patients (right) are shown as thin
lines. Thick gray lines indicate the mean slope for each group. (B) The
individual slopes for each control subject (circles) and valacyclovir
patient (triangles) are depicted. Short horizontal bars indicate means,
and vertical bars indicate standard errors (S.E.).

(P = 0.86) (Fig. 2B). Comparison of the slopes of regression
lines between the two treatment groups showed that the dif-
ference approached statistical significance (P = (0.054; Wil-
coxon test). The slopes of the control and valacyclovir groups
were significantly different using regression analysis, with the
viral load (log,,) as outcome and month as the covariate (P =
0.03 for common delta), and when analyzed using analysis of
covariance, with slope as outcome and intercept as the covari-
ate (P = 0.04 for common delta). These findings indicate that
the number of EBV-infected B cells declined over time in the
valacyclovir treatment group.

The EBV DNA copy number per infected B cell does not
decline during valacyclovir treatment in healthy persons. We
next examined the effect of valacyclovir treatment on the num-
ber of EBV DNA copies per infected cell. The mean number
(= standard error) of EBV DNA copies per infected B cell was
64.0 = 17.1 for patients in the valacyclovir group and 67.9 =
15.4 for patients in the control group. The slopes of linear
regression lines for the mean number of EBV DNA copies per
infected cell over time (in months) were determined for each
subject (Fig. 3A), and the mean slopes for the two groups were
compared (Fig. 3B). The mean regression lines had slopes of
nearly 0 for both groups. The slopes of the rate of change in the
number of EBV DNA copies per infected cell over time for
both the control and the valacyclovir groups were indistin-
guishable from 0 (P = 0.62 and P = 0.92 for the control and
valacyclovir groups, respectively), and the difference in mean
slopes between the groups was not significant (P = 0.66). Thus,
the mean EBV DNA copy number per infected cell (log,,) is
stable over time and is not affected by 1 year of valacyclovir
therapy.

DISCUSSION

We have shown that 1 year of valacyclovir therapy in healthy
EBYV carriers results in a decrease in the number of EBV-
infected B cells compared to an untreated control group, while
valacyclovir has no effect on the mean number of EBV DNA
copies per infected cell. The somewhat modest effect in the
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FIG. 3. Mean EBV DNA copies per B cell over time. {A) Linear
regression lines for individual control subjects (left) and valacyclovir
(VACV) patients (right) are shown as thin lines. Thick gray lines
indicate the mean slope for each group. (B) The individual slopes for
each control subject (circles) and valacyclovir patient (triangles) are
depicted. Short horizontal bars indicate means, and vertical bars indi-
cate standard errors (S.E.).

reduction of EBV load after 1 year of valacyclovir was not
unexpected. Acyclovir inhibits EBV lytic replication, which
uses the viral DNA polymerase in B cells, but has no effect on
EBYV replication in latently infected B cells, which uses the host
cell polymerase. The increase in the frequency of EBV-in-
fected cells in five of the subjects receiving valacyclovir sug-
gests that these persons may have had proliferation of B cells
latently infected with EBV (and insensitive to valacyclovir);
alternatively, they may have been noncompliant with the anti-
viral medication. The observation that 28 days of acyclovir had
no effect on the EBV load (23) suggested that a more pro-
longed course of antiviral therapy was likely to have only a
modest effect in reducing the viral load.

The hali-life of EBV-infected cells during convalescence
after infectious mononucleosis (~6 weeks [from first visit) was
reported to be 7.5 * 3.7 days (11). Since EBV is latent in
memory B cells, which have a half-life of 11 = 3.3 days (17),
Hadinoto et al. proposed a model for the decline of EBV-
infected B cells after mononucleosis based on the kinetics of
turnover of memory B cells (11). From our data, the half-life of
EBV-infected B cells in the valacyclovir group based on the
mean slopes (—2.8 X 1072 = 1.2 X10”%month) was 11
months, and the half-life calculated from median slopes was 12
months. In the control group, the half-life of EBV-infected B
cells calculated from mean slopes (0.1 x 1072 = 0.8 X107%
month) was 31 years, and that calculated from the median
slopes was 41 years. There are several possibilities that may
explain the discrepancy between our results and those of the
prior study. First, Hadinoto et al. (11) measured the half-life of
EBV in the blood during convalescence from mononucleosis,
whereas our subjects presumably had been infected many years
carlier. Balfour and colleagues (3) and Fafi-Kremer ct al. (9)
showed that the level of EBV in PBMCs was still elevated 6
weeks after primary infection. Second, one dose of valacyclovir
each day is unlikely to completely block EBV reactivation and
virus production. While the bioavailability of valacyclovir is
about three to five times higher than that of acyclovir, valacy-
clovir is converted into acyclovir in the body, and the mean
plasma elimination time of acyclovir is 1.5 to 6.3 h (4, 15).
Third, it is possible that latent infection of memory B cells with
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EBYV prolongs the half-life of these cells or that EBV may
establish latency preferentially in a subset of memory B cells
that has a longer life span. Fourth, compared with EBV-in-
fected B cells from patients convalescing after infectious
mononucleosis, EBV-infected B cells in our subjects might be
more heterogeneous, with some infected cells resting, others
actively proliferating, and a small minority undergoing lytic
replication. Since valacyclovir affects only lytic replication of
EBYV, the marked differences in the decline of EBV copy numbers
in different valacyclovir recipients (Fig. 2) might reflect differ-
ences in the relative proportions of resting, proliferating, and
lytically infected cells. Nonetheless, the general reduction of
EBV-infected B cells over time in the valacyclovir group sug-
gests that infection by EBV of previously uninfected B cells is
one of the mechanisms that maintains the latent EBV pool in
healthy adults.

EBYV can be eliminated from the body in some patients after
bone marrow transplantation (10). Based on the half-life of
EBV in patients treated with valacyclovir and assuming that
valacyclovir acts similarly on B cells in tissues as it does in the
blood, we estimate that it would take 6 years of 500 mg of
valacyclovir once each day to eradicate 99% of EBV from the
B-cell compartment and 11.3 years to eliminate the virus com-
pletely from the body if persons were not reinfected during this
time., Reinfection with the virus is likely, however, since mul-
tiple strains of EBV are detected in many individuals, suggest-
ing that multiple episodes of infection occur (22). The mean
peak concentration of acyclovir reaches 27.1 .M when valacy-
clovir is given at 1,000 mg three times a day (16), while the 50%
effective inhibitory dose of acyclovir for EBV replicationis 5 to
10 1M (7, 21, 24). Therefore, it might be theoretically possible
to eradicate EBV from the body within several years with
high-dose valacyclovir. Acyclovir or valacyclovir prophylaxis
has been reported to have various rates of effectiveness in
reducing the risk of EBV lymphoproliferative disease in trans-
plant recipients (8, 18). The relatively modest effect of valacy-
clovir in reducing EBV DNA in B cells in the blood after a full
year in persons with a healthy immune system suggests that
more active drugs against EBV might be more effective for
prophylaxis of EBV lymphoproliferative disease in immuno-
compromised persons.
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Merkel cell carcinoma is a rare malignancy that
sometimes occurs in the skin of elderly people.
Recently, a new human polyomavirus, Merkel
cell polyomavirus (MCPyV) was identified in
Merkel cell carcinoma. In the present study,
MCPyV-DNA was detected in 6 of 11 (65%) cases
of Merkel cell carcinoma by nested PCR and real-
time PCR. Histologically, MCPyV-positive cases
showed round and vesicular nuclei with a fine
granular chromatin and small nucleoli, whereas
MCPyV-negative cases showed polygonal nuclei
with diffusely distributed chromatin. Real-time
PCR analysis to detect the MCPyV gene revealed
that viral copy numbers ranged 0.04-0.43 per cell
in cases of Merkel cell carcinoma. MCPyV was
also detected in 3 of 49 (6.1%) cases of Kaposi’'s
sarcoma (KS), but not in 192 DNA samples of
other diseases including 142 autopsy samples
from 20 immunodeficient patients. The MCPyV
copy number in KS was lower than that in
Merkel cell carcinoma. PCR successfully ampli-
fied a full-length MCPyV genome from a case
of KS. Sequence analysis revealed that the
MCPyV isolated from KS had 98% homology to
the previously reported MCPyV genomes. These
data suggest that the prevalence of MCPyV is low
in Japan, and is at least partly associated with
the pathogenesis of Merkel cell carcinoma.
J. Med. Virol. 81:1951- 1958, 2009.
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INTRODUCTION

Merkel cell carcinoma is a rare skin malignancy that
originates in the Merkel cell, a neuroendocrine cell in
the skin [Skelton et al., 1997; Pectasides et al., 2006;
Lemos and Nghiem, 2007]. Merkel cell carcinoma is an

© 2009 WILEY-LISS, INC.

aggressive skin cancer that commonly occurs on sun-
exposed areas of elderly people. The incidence of Merkel
cell carcinoma is high in Caucasians, but lower in
other races [Agelli and Clegg, 2003]. Typical histology of
Merkel cell carcinoma shows that the tumor consists of
small, round cells with vesicular nuclei, fine chromatin,
and minimal cytoplasm. Because these morphological
features are similar to other small cell tumors such as
small cell lung cancer and lymphoma, immuno-
histochemistry for cytokeratin 20 is often useful for
differential diagnosis. Recurrence and metastasisin the
regional lymph nodes are observed in up to 30% of cases
[Agelli and Clegg, 2003]. Merkel cell carcinoma com-
prises two subtypes, “classic” and “variant,” based on
clinical manifestations and gene expression profiles
[Van Gele et al., 2004, Fernandez-Figueras et al., 2007].
Gene expression profiling studies have also demon-
strated that metastasis of Merkel cell carcinoma is
correlated with the over-expression of some metastasis-
associated proteins such as matrix metalloproteinases
[Fernandez-Figueras et al., 2007].

A new human polyomavirus, Merkel cell polyo-
mavirus (MCPyV), was identified recently in samples
of Merkel cell carcinoma by digital transcriptome
subtraction [Feng et al., 2008]. MCPyV is a 5.4-kbp
long, double-stranded DNA virus and has high
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homology to murine, African green monkey, and
hamster polyomaviruses. The MCPyV genome encodes
a large T antigen, which contains some conserved
domains that were shown previously to play roles in
cell transformation. In an earlier report, MCPyV was
detected in 8 out of 10 cases of Merkel cell carcinoma
(80%) by PCR, and clonal integration into the human
genome was observed in 6 of the 8 cases with Merkel cell
carcinoma [Feng et al., 2008]. Several recent reports
have demonstrated the presence of MCPyV in Merkel
cell carcinoma cases in the United States, Europe,
and Australia, but is rare in other samples such as
melanoma, skin cancer, other cancers, and controls
[Foulongne et al., 2008; Giraud et al., 2008; Kassem
et al., 2008; Becker et al., 2009; Bialasiewicz et al.,
2009; Bluemn et al., 2009; Duncavage et al, 2009;
Garneski et al., 2009; Goh et al., 2009; Ridd et al.,
2009; Sharp et al., 20091. A study using frozen samples
of Merkel cell carcinoma demonstrated that all
Merkel cell carcinoma samples were positive for
MCPyV-DNA [Sastre-Garau et al,, 2009]. These data
strongly suggest that MCPyV infection is associated
with the pathogenesis of Merkel cell carcinoma [zur
Hausen, 2008]. On the other hand, studies using
paraffin-embedded tissues suggest the presence of
some MCPyV-negative cases of Merkel cell carcinoma
[Foulongne et al., 2008; Kassem et al., 2008; Becker
et al., 2009; Duncavage et al., 2009; Garneski et al.,,
20091. In addition, MCPyV is less frequently present
in Merkel cell carcinoma in Australian cases than
in North American cases, suggesting geographic dif-
ferences of MCPyV distribution [Garneski et al,
2009]. Although there are no accurate statistical data,
Merkel cell carcinoma seems to be rare in Japan. In this
study, the presence of MCPyV was investigated in
Japanese cases of Merkel cell carcinoma and other
diseases.

MATERIALS AND METHODS
Specimens

Studies using human tissue were performed with the
approval of the Institutional Review Board of the
National Institute of Infectious Diseases (Approval
No. 149). Thirteen formalin-fixed paraffin-embedded
tissue samples of Merkel cell carcinoma were collected
from 11 patients (Table I). All of the samples were
taken by biopsy or from tumor resection, and were
enriched in tumor cells. The diagnosis of Merkel
cell carcinoma was based on morphology and immuno-
histochemistry of cytokeratin 20. In addition to the
Merkel cell carcinoma samples, 49 DNA samples of
Kaposi's sarcoma (KS) and 50 DNA samples from
tissues with various diseases were collected. A further
142 DNA samples were extracted from various organs of
20 autopsy cases with AIDS. All these human samples
were archived as anonymous specimens held at the
Department of Pathology, National Institute of Infec-
tious Diseases. DNA extracted from 15 cell lines was also
investigated.

J. Med. Virol. DOI 10.1002/jmv

TABLE I. MCPyV Infection in Merkel Cell Carcinoma Cases

Real-time PCR

Nested PCR for MCPyV

Clinical information

Predicted
MCPyV copy
per cell

B-Actin copy
per 100 ng
DNA

MCPyV copy
per 100ng
VP2 VP3 DNA

VP1

LT (2057-2107)

LT (1017-1170)

Age Site ST

Sex

Case
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Samples 8* and 9* are recurrent tumors of cases 8 and 9, respectively.
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Preparation of DNA

DNA was extracted from formalin-fixed paraffin-
embedded or fresh-frozen clinical materials. To isolate
DNA from formalin-fixed paraffin-embedded biopsies,
5-pum-thick sections (n=3-4) were placed into sterile
eppendorf tubes, deparaffinized with xylene, digested
with proteinase K, and processed for phenol/chloroform
extraction with sodium acetate/ethanol precipitation.
For fresh-frozen materials, DNeasy Tissue Kit (Qiagen
GmbH, Hilden, Germany) was used according to the
manufacturer’s instructions.

Nested PCR

The small T (ST), large T (L'T), and VP1-3 regions of
MCPyV were amplified by nested PCR. The primer
sequences are listed in Table II. The first round of
amplification was performed with 100ng of extracted
DNA and high fidelity Taq DNA polymerase (Roche
Diagnostics, Boehringer Mannheim, Germany) in a final
volume of 25 ul. After an initial DNA denaturation for
2 min at 94°C, the samples were amplified for 35 cycles of
94°C for 30sec, 55°C for 30sec, and 72°C for 30sec,
followed by a final elongation phase of 7min at 72°C.
The second round of amplification was performed with
1yl of the first round PCR product in a final volume of
25 ul under the following parameters: 94°C for 30 sec,
55°C for 30 sec, 72°C for 30 sec for 25 cycles, followed by a
final elongation phase of 7 min at 72°C. Five microliters of
amplification products were loaded onto agarose gels,
electrophoresed, stained with bromide and visualized
under UV light. The B-globin gene was amplified as an
internal control by single PCR [Katano et al., 2001].
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DNA Sequencing

The PCR products from nested PCR were sequenced
directly with an ABI sequencer 3730 (Applied Biosys-
tems, Foster City, CA) using a dye terminator ready
reaction kit (Applied Biosystems) according to the
manufacturer’s instructions.

Real-Time PCR

Copy numbers of MCPyV-DNA were determined by
quantitative real-time TagMan PCR using the Mx3005P
real-time PCR system (Stratagene, La Jolla, CA), which
amplified a segment within the LT (1017-1170) domain.
The amount of human genomic DNA (B-actin gene)
present in the DNA extracted from each specimen was
also determined. Primers and probes for the MCPyV-LT
gene were designed using Primer Express software
(Applied Biosystems). To amplify MCPyV-LT, forward
(Merkel PV LT Forward: 5“TCTGGGTATGGGTCCTT-
CTCA-3') and reverse (Merkel PV LT Reverse: 5-TGG-
TGTTCGGGAGGTATATCG-8') primers were used with
a labeled probe 5'-(FAM)CGTCCCAGGCTTCAGACTC-
CCAGTC(TAMRA)-3'. To amplify B-actin DNA, forward
(5"-TGAGCGCGGCTACAGCTT-3') and reverse (5'-TC-
CTTAATGTCACGCACGATTT-3) primers were used
with a labeled probe 5'-(FAM)ACCACCACGGCCGAG-
CGG(TAMRA)-3' [Kuramochi et al., 2006]. The ampli-
con sizes of MCPyV-LT and B-actin were 77 bp (1053—
1129 in GenBank EU375803) and 60bp (655-714 in
NM_001101), respectively. PCR amplification was per-
formed in 20-ul reaction mixtures using QuantiTect
probe PCR Master Mix (Qiagen), 0.3pM of each
primer, 0.3uM of TagMan probe, and 2yl isolated

TABLE II. Primers Used for Nested PCR

Gene Out/in Fir Primer name 5 -3 Position* Size (bp)
ST Outer  Forward MCV-ST-F515 CTGGGTGCATGCTTAAGCAAC 515-732 218
Reverse MCV-ST-R732 GCAGTAGTCAGTTTCTTCT

Inner Forward  MCV-ST-F550 TGCGCTTGTATTAGCTGTAAGT 550-703 154
Reverse MCV-ST-R703 GCCACCAGTCAAAACTTTCCCA
LT (1017-1170) Outer Forward  MCV-LT-F992 CTCCAATGCATCCAGGGGAG 992-1192 201
Reverse MCV-LT-R1192 TCTCTTCCTGAATTGGTGGT
Inner Forward  MCV-LT-F1017 AGTGGAAGCTCACCACCCCACA 1017-1170 154
Reverse MCV-LT-R1170 CCTCTCTGCTACTGGATCCA
LT (2057-2207) Outer  Forward MCV-LT-F2034 CCATTTCCTTGCCAAAAGTG 20342228 195
Reverse MCV-LT-R2228 CTTACATAGCATTTCTGTCC
Inner Forward  MCV-LT-F2057 AAACAGATCTCGCCTCAAAC 2067--2207 150
Reverse MCV-LT-R2207 GGTCATTTCCAGCATCTCTA
VP1 Quter  Forward MCV-VP1-F4233 TGAATCCAAGAATGGGAGTT 40624252 191
Reverse MCV-VP1-R4062 CATCTGCAATGTGTCACAG
Inner Forward  MCV-VP1-F4212 TCCCCTGATCTTCCTACT 4092-4229 138
Reverse MCV-VP1-R4092 ATTTAGCATTGGCAGAGAC
VP2 Outer  Forward MCV-VP2.F4490 CAATCTGGAGTTTGCTGCTG 44904692 203
Reverse MCV-VP2-R4692 CTGCATTCTGTGGGGCAAAAT
Inner Forward  MCV-VP2-F4511 AGAGTTCCTCCTATATGTTC 45114661 151
Reverse MCV-VP2-R4661 TTTATCTCCTACCTCTAGGC
vP3 Outer  Forward MCV-VP3-F4890 CCAAAGAAGCCACTAATGAG 48905118 229

Reverse MCV-VP3-R5118
Inner Forward MCV-VP3-F4932
Reverse MCV-VP3-R5097

ATGGGGGGCATCATCACACTG
TGAACCCAAGTTGAGCTAAAGC
CTGGCCAATATTGGTGAAATTG

4932-5097 166

*Position in GenBank EU375803.

J. Med. Virol. DOI 10.1002/jmv
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DNA. The PCR conditions were: 95°C for 15min,
followed by 40 cycles of 94°C for 15sec and 60°C for
1 min. Quantitative results were obtained by generating
standard curves for pCR2.1 plasmids (Invitrogen,
Carlsbad, CA) containing each MCPyV-LT and the
cellular target (B-actin gene) amplicon. Virus copy
numbers per cell were calculated by dividing MCPyV-
LT copy numbers by half of the $-actin copy numbers,
because each cell contains two copies of DNA in two
alleles [Asahi-Ozaki et al., 2006].

Histological and Immunohistochemical Analyses

Immunohistochemistry was performed to investigate
the expression of cytokeratin 20, chromogranin and
neuron-specific enolase (NSE) on paraffin-embedded
tissues of Merkel cell carcinoma. Sections (4 pm thick)
were deparaffinized by sequential immersion in xylene
and ethanol, and rehydrated in distilled water. For
antigen retrieval, the sections were autoclaved in 1 mM
EDTA, 0.05 M Tris—HCI, pH 9.0, at 121°C for 10 min for
cytokeratin 20 and chromogranin, or 0.01 M citrate
buffer at 95°C for 10 min for NSE. Endogenous peroxi-
dase activity was blocked by immersing the sections in
methanol/0.6% Hy05 for 30 min at room temperature.
Diluted anti-cytokeratin 20 (Dako, Copenhagen,
Denmark), chromogranin (Dako), or NSE (Novocastra
Laboratories, Newcastle, UK) antibodies were applied
and the sections were incubated overnight at 4°C. After
washing in PBS twice, a biotinyl anti-mouse IgG goat
antibody and peroxidase-conjugated streptavidin were
used as the secondary and tertiary antibodies, respec-
tively. 3,3'-diaminobenzidine was used as a chromogen.

Cloning of a Full-Length MCPyV Genome

A full-length MCPyV genome was amplified by single
PCR using KOD-FX DNA polymerase (Toyobo, Tokyo,
Japan) according to the manufacturer’s instructions. A
primer-set (primer set 1: MCV-BamHI-1150F TCTG-
GATCCAGTAGCAGAGAGGAGACC and MCV-Bam-
HI-1150R CTCGGATCCAGAGGATGAGGTGGGTTC)
was used to amplify the full-length MCV genome.
Following the addition of dA to the PCR product, the
PCR product was TA-cloned into pCR2.1 vector (Invi-
trogen). Primer set 2 (MCV-F133 CTTAGTGAGG-
TAGCTCATTTGCTCCTCTGCTGTT and MCV-R5325
AACTTTTATTGCTGCAGGGTTTCTGGCATTGACTC)
was used to amplify almost the full-length of the MCPyV
genome except for the origin region. A 1,188-bp-frag-
ment containing the origin region was amplified using
another primer set (primer set 3: MCV-VP3-F4932
TGAACCCAAGTTGAGCTAAAGC and MCV-ST-R732
GCAGTAGTCAGTTTCTTCT).

RESULTS

PCR Detection of MCPyV in
Merkel Cell Carcinoma

To determine whether MCPyV is present in Japanese
cases of Merkel cell carcinoma, PCR analysis was first

J. Med. Virol. DOI 10.1002/jmv
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performed on DNA samples extracted from 11 cases of
Merkel cell carcinoma using primers specific for the
MCPyV-LT and VP1 regions, as published previously
[Feng et al., 2008]. Although the P-globin gene was
amplified in all DNA samples, fragments of MCPyV
were not detected using these primers (data not shown).
Thus, nested PCR, which can detect gene fragments
<250bp in length, was performed for six MCPyV genes
(Table IT). Nested PCR revealed that 6 of the 11 Merkel
cell carcinoma cases (54.5%) were positive for MCPyV
ST and LT (1017-1170) fragments (Fig. 1 and Table I).
Interestingly, LT (2057—2107) and VP2-3 were detected
in cases 2, 4, and 9, but not in cases 3, 10, or 11. LT
(2057—-2107) was not detected in the recurrent samples
of case 9. Sequencing analysis revealed that all these
PCR products were fragments of MCPyV, and an Ato G
mutation was detected at the position 4589 of GenBank
EU375808 in the VP2 fragments of cases 2, 4, 9, and
10 with Merkel cell carcinoma. In addition, two
mutations, G4996C and A5032T, were detected in the
VP3 fragments of cases 2, 4, 9, and 10, which were the
same sequences as the MCC339 strain (GenBank
EU375804). Cases 2, 4, and 9 showed doublet bands of
191 and 138bp in the VP1 PCR. Sequencing analysis
revealed that these two bands corresponded to PCR
products of primary and secondary amplification. None
of the primer sets for nested PCR amplified DNA
products in tissues extracted from JCV-positive pro-
gressive multifocal leukoencephalopathy (PML) or
BKV-positive nephritis samples (Fig. 1). These data
indicate the presence of MCPyV in six cases of Merkel
cell carcinoma.

Quantitative Analysis of MCPyV in
Merkel Cell Carcinoma

To determine the virus copy numbers in DNA
samples, a real-time TagMan PCR to detect the MCPyV
gene was established. Based on the results of nested

Merkel cell carcinoma b bt
T2=29

>2 0 X o

123456728 8 QQ’TOHFIﬂmZ

Fig. 1. Detection of MCPyV in Merkel cell carcinoma cases by nested
PCR. Fragments of MCPyV were amplified with nested PCR in Merkel
cell carcinoma cases. Thirteen samples of Merkel cell carcinoma were
used. Sample nos. 8% and 9% are recurrent tumors of cases 8 and 9,
respectively. TY-1, human herpesvirus-8-positive B cell line; HUVEC,
human umbilical vascular endothelial cells; JCV, JCV-positive pro-
gressive multifocal leukoencephalopathy sample; BKV, BKV-positive
nephritis sample. The two bands at 191 and 138 bp represent the PCR
products of primary and secondary amplification, respectively. The
lower panel shows single PCR for the B-globin gene.
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PCR, the LT (1017-1170) region of MCPyV was selected
as a target gene for real-time PCR. Amplification plots
and standard curves revealed a linear relationship
between copy numbers from 10 to 10® copies and cycle
threshold (Cy, indicating that the dynamic range of
the real-time PCRs was between 10 and 10° copies (data
not shown). The MCPyV-LT genome assay uniformly
detected 10 copies of pCRZ.1-MCPyV-LT plasmid.
PCR amplification of B-actin also uniformly detected
10 copies of the P-actin genome (data not shown). The
specificity of the assay for MCPyV-LT was confirmed
using a panel of DNAs from other polyomavirus (JCV,
BKYV, and SV40), human papillomavirus, herpes viruses
(herpes simplex virus-1 and -2, varicella zoster virus,
EBV, human cytomegalovirus, and HHV-6, -7, and -8},
and cellular DNA from human cell lines (TY-1 and Raji,
data not shown). Real-time PCR revealed that all six
cases (seven samples) positive for MCPyV by nested
PCR had 50-691 copies per 100ng DNA (Table I).
Compared with the results of cellular DNA (B-actin),
the copy numbers in MCPyV-positive samples were
estimated to in the range of 0.04—0.43 copies per cell
(Table D).

Morphological Features of MCPyV-Positive
Merkel Cell Carcinoma

Histological analysis of Merkel cell carcinoma cases
revealed some morphological differences between
MCPyV-positive and -negative Merkel cell carcinoma
cases. All seven MCPyV-positive samples (cases 2, 3, 4,
9, 9%, 10, and 11) had common features such as round
and vesicular nuclei with fine granular chromatin and
small nucleoli. However, MCPyV-negative samples
showed various morphologies. Some of the MCPyV-
negative cases showed some similarities in morphology
with MCPyV-positive samples; however, most of the
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MCPyV-negative samples had polygonal nuclei with
light cytoplasm (Fig. 2). Chromatin was diffusely
distributed in the nuclei, and the nucleoli were unclear
in MCPyV-negative samples. MCPyV-positive cases
also showed diffuse infiltration into the skin, whereas
some of the MCPyV-negative cases showed duct dif-
ferentiation. There were no significant differences in
cytokeratin 20, NSE, or chromogranin expression
between the MCPyV-positive and -negative Merkel
cell carcinoma samples (Fig. 2 and data not shown).
These morphological differences suggest differences in
pathogenesis between MCPyV-positive and -negative
Merkel cell carcinoma.

Prevalence of MCPyV in Various
Diseases and Cell Lines

To clarify the prevalence of MCPyV, real-time PCR for
MCPyV-LT was performed on DNAs extracted from
various tissue samples (Table II1), MCPyV was detected
in three out of 49 (6.1%) cases of KS, but not in other
diseases such as AIDS-related lymphoma, fulminant
hepatitis, encephalitis, primary pulmonary hyperten-
sion, or necrotizing lymphadenitis. All 142 autopsy
samples taken from various organs of 20 immuno-
deficient patients were negative for MCPyV with real-
time PCR. In addition, all DNA samples extracted from
15 cell lines (seven B cell lines, TY-1, BCBL-1, Raji,
Namalwa, Bjab, KS1, and OS1; three T cell lines, MT4,
Molt4, and Jurkat; two monocyte cell lines, HL.60, and
THP1; one KS cell line, 22-KS; one endothelial cell line,
HUVEC; one Marmoset cell line, B95-8) were negative
for MCPyV (data not shown). These data indicate the
low prevalence of MCPyV in Japan, and suggest that
some cases of Merkel cell carcinoma and KS are
associated with MCPyV infection.

Fig. 2. Histology of MCPyV-positive and -negative Merkel cell carcinoma. A—C: MCPyV-positive Merkel
cell carcinoma. HE staining of cases 2 (A) and 9 (B) shows round and vesicular nuclei with fine granular
chromatin and small nucleoli. C: Cytokeratin 20 expression of case 2. D—F: MCPyV-negative Merkel cell
carcinoma. HE staining of cases 5 (D) and 6 (E) shows dark and polymorphic nuclei with light cytoplasm.
Chromatin in the polymorphic nuclei is diffuse, and the nucleoli are unclear. F: Cytokeratin 20 expression

in case 6 is similar to the MCPyV-positive cases.

J. Med. Virol. DOI 10.1002/jmv
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TABLE III. MCPyV Infection in Various Diseases

Positive/all Percentage

Merkel cell carcinoma 6 (0)/11 (0) 54.5
KS 3 (1)/49 (16) 6.1

Sample

AIDS-related lymphoma 0(0)/11 (11) 0
Fulminant hepatitis 0(0)/9 0
Encephalitis 0 (0)/12 (12) 0
Including PML (JCV+) 0 (0)/4 (4) 0
BKV-positive nephritis 0 O)y1 (L) 0
Primary effusion lymphoma 0 (0)4 (4 0
PPH 0 (0)/10 (0) 0
Necrotizing lymphadenitis 0(0)/2 (2) 0
FDC sarcoma 0 (0)/1 (1) 0
AIDS autopsy
Brain 0 (0)/15 (15) 0
Tongue 0 (0)/5 (5) 0
Submandibular gland 0 (0)/5 (5) 0
Lung 0 (0)/15 (15) 0
Lymph node 0(0)/12 (12) 0
Heart 0(0)/9 (9) 0
GI tract 0(0)/13 (13) 0
Liver 0 (0)/16 (16) 0
Spleen 0 (0)/19 (19) 0
Pancreas 0 (0)/12 (12) 0
Kidney 0 (0)/14 (14) 0
Adrenal gland 07 (D 0

KS, Kaposi's sarcoma; PML, progressive multifocal leukoence-
phalopathy; PPH, primary pulmonary hypertension; FDC, follicular
dendritie cell; GI, gastrointestinal.

The number of frozen samples is shown in parentheses.

MCPyV Infection in KS Samples and Cloning of
a Full-Length MCPyV Genome From a KS Case

Nested PCR was performed to confirm MCPyV
infection in KS samples positive for MCPyV on real-
time PCR. MCPyV fragments were detected in three KS
cases using nested PCR (KS cases 3, 14, and 36 in
Fig. 3A). However, nested PCR failed to detect VP1 and
VP3 in KS cases 3 and 14, respectively. Sequencing
analysis revealed that these products had sequences

Ao 8 B
2 28 b -
888 Z P=0.016
> ““_“““““"]
neno%a 0.5 r
b4 = 4=z g ¢
. 5T 0.4
LT{1017-1470) 051
| -LT{2057-2107) Y ?
191 bp 1 :
P ]
138 h;}] 0.1 $
oY RSN SO

MCC K8

teta-giobin

Fig. 3. Detection and cloning of MCPyV in KS cases. A: Fragments
of MCPyV were amplified with nested PCR in three KS cases.
JCV, JCV-positive PML sample; BKV, BKV-positive nephritis sample.
B: Comparison of MCPyV copy numbers between Merkel cell
carcinoma (MCC) and Kaposi’s sarcoma (KS) samples with real-time
PCR. The y-axis shows copy numbers per cell. The horizontal and
vertical lines indicate means and standard deviation, respectively. The
P-value was calculated with the Mann—Whitney test.
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identical to those of Merkel cell carcinoma cases
in the present study. The MCPyV-LT/B-actin copy
numbers in these three KS samples were 1.3 x
10Y/2.0 x 10%, 3.3 x 10%/2.4 x 10°, and 3.3 x 10'/1.8 x
10° per 100ng DNA, respectively, suggesting low
copy numbers (3.6 x 107°—~1.2 x 1072 copies per cell)
compared with the Merkel cell carcinoma cases
(Fig. 3B). Two (cases 14 and 36) of the MCPyV-positive
cases with KS were AIDS-associated KS; however, the
other case (case 3) was an HIV-negative patient.
Because one MCPyV-positive KS case (case 36) was a
frozen tissue sample, that sample was used to clone the
full genome of MCPyV. PCR successfully amplified the
full-length MCPyV genome with a primer set localized
using the BamHI site (1152 in GenBank EU375803)
{primer set 1: MCV-BamHI-1150F and MCV-BamHI-
1150R). PCR was also able to amplify almost the full-
length of the MCPyV genome using a primer set
localized to the origin region of MCPyV (primer set 2
MCV-F133 and MCV-R5325), and a 1,188-bp-fragment
containing the origin region (primer set 3 MCV-VP3-
F4932 and MCV-ST-R732), suggesting the presence of a
MCPyV episome. The PCR product of full-length
MCPyV genome was TA-cloned into pCR2.1 and two
clones were sequenced. Sequence analysis revealed that
the length of MCPyV genome was 5,418bp. The two
clones had the same sequence. This strain of MCPyV
was designated as MCV-TKS (MCPyV-Tokyo Kaposi
sarcoma) and registered in the GenBank (accession No.
FJ464337). The sequence of MCV-TKS had 98% homol-
ogy to MCC350 (GenBank EU375803). The motifs of
LXXLL in CR1, HPDKGG in Dnad, and LXCXE in the
Rb binding site were conserved in the LT gene of MCV-
TKS. The sequence of LT had a stop codon at 1,498,
suggesting that MCV-TKS would produce a truncated
form of LT [Shuda et al., 2008].

DISCUSSION

In the present study, the presence of MCPyV
was demonstrated in Japanese cases of Merkel cell
carcinoma. This indicates that MCPyV is distributed not
only in the US, Europe, and Australia, but also world-
wide. The rate of MCPyV in Japanese Merkel cell
carcinoma cases (55%) was lower than that of the United
States and European cases (69-100%), but higher than
in Australia (24%) [Feng et al., 2008; Foulongne et al.,
2008; Kassem et al., 2008; Becker et al., 2009; Duncav-
age et al,, 2009; Garneski et al,, 2009; Sastre-Garau
etal., 2009]. In addition to that of Merkel cell carcinoma,
therate of MCPyV in KS (6%) was also lower than in the
United States (16%) [Feng et al., 2008]. A US group
detected MCPyV in some control tissues obtained
from the gastrointestinal tract with PCR-Southern
blot hybridization [Feng et al., 2008]. However, in the
present study, all of the samples, except for Merkel cell
carcinoma and KS samples, were negative for MCPyV.
Taken together, these data suggest a lower infection
rate of MCPyV in the Japanese population than in
the US. Because Merkel cell carcinoma occurs more
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frequently in Caucasians than in other races [Agelli
and Clegg, 2003], it is possible that the distribution of
MCPyV varies among races.

Nested PCR failed to detect VP1-3 and LT (2057—
2107) in some MCPyV-positive cases of Merkel cell
carcinoma including a recurrent case of MCPyV-positive
tumor (Fig. 1). VP1 or VP3 was not detected in two
MCPyV-positive cases of KS (Fig. 3A). There are some
possible interpretations of these results. Recent reports
demonstrated mutations in the LT gene and a unique
deletion in the VP1 gene [Kassem et al., 2008; Shuda
et al., 2008]. Thus, some mutations or deletions might
exist in the primer regions of VP1-3 and LT of MCPyV,
asin other polyomavirus such as JCV, BKV, and human
papillomavirus (HPV).

Morphological differences between MCPyV-positive
and -negative cases were found in the present study.
MCPyV-positive cases can be categorized into one group
with a typical morphology, whereas the MCPyV-neg-
ative cases had a mixed morphology. These morpholog-
ical differences imply direct tumorigenesis by MCPyV
infection in the MCPyV-positive cases and more
complicated mechanisms in the MCPyV-negative cases.
No rosette formation or ductal differentiation was
observed in the MCPyV-positive cases, suggesting that
MCPyV infection might be associated with differentia-
tion of Merkel cells. A recent gene expression analysis
using microarrays revealed that Merkel cell carcinoma
might comprise two subtypes, namely the classic and
variant types [Van Gele et al., 2004]. Although it is
presumed that MCPyV infection may be associated with
such subtypes, more cases of Merkel cell carcinoma
are required to clarify the morphological features
and presence of MCPyV infection. In addition, a recent
immunohistochemical study demonstrated the expres-
sion of MCPyV-LT protein in tumor cells in Merkel cell
carcinoma with a high number of MCPyV copies per cell,
suggesting that MCPyV causes a subset of Merkel
cell carcinoma [Shuda et al., 2009]. The morphological
differences between MCPyV-positive and -negative
cases support the presence of a MCPyV-negative subset
of Merkel cell carcinoma.

The data for virus copy number provide valuable
insights into the pathogenesis of Merkel cell carcinoma,
Inthe present study, nested PCR and real-time PCR, but
not PCR-Southern blot hybridization, was performed
to detect MCPyV in clinical samples. Because DNA is
always cleaved into small fragments in formalin-fixed
tissues, it is difficult to amplify long DNA fragments.
Our nested PCR and real-time PCR targeted fragments
of MCPyV of <250 bp. The results of nested PCR for the
LT gene and real-time PCR on clinical samples were
well-correlated with each other in the present study.
Because other studies have demonstrated that MCPyV-
DNA is integrated into genomic DNA, at least one or two
copies of MCPyV per cells are expected [Feng et al., 2008;
Sastre-Garau et al., 2009]. On the other hand, it was
demonstrated that Merkel cell carcinoma cases with a
low copy number of MCPyV did not express the LT
antigen [Shuda et al,, 2009]. Because Merkel cell
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carcinoma tissue samples contained various proportions
of tumor cells and normal cells, it is difficult to determine
the accurate virus copy number per cell [Asahi-Ozaki
et al., 2006]. The Merkel cell carcinoma tissue samples
in the present study were rich in tumor cells and
contained relatively few normal cells. Thus, the copy
numbers of MCPyV in Merkel cell carcinoma (0.04—0.43
per cell) in the present study suggest the presence
of Merkel cell carcinoma in cases with a low copy number
of MCPyV. It was not possible to examine the clonal
integration of MCPyV in DNA samples extracted
from formalin-fixed and paraffin-embedded tissues.
Future studies on frozen tissue samples will reveal
the association between pathogenesis and MCPyV
integration.

Here, MCPyV was detected in three cases of KS and
cloning a full-length MCPyV genome. A previous report
also demonstrated the presence of MCPyV in some KS
cases without HIV infection [Feng et al., 2008]. There-
fore, there might be some association between MCPyV
infection and KS pathogenesis. There was no common
feature between the three MCPyV-positive KS cases,
including HIV-status. Human herpesvirus-8 wasidenti-
fied in all KS cases examined (data not shown).
However, none of the Merkel cell carcinoma cases used
in the present study were positive for human herpesvi-
rus-8, as determined by PCR (data not shown). The
results using AIDS autopsy samples also suggest that
HIV status was not correlated with MCPyV infection.
The low MCPyV copy number and the presence of
episomal MCPyV in the KS samples suggest an indirect
association between MCPyV and KS pathogenesis.
MCV-TKS identified in the present study is the first
isolate of MCPyV derived from a KS sample. The
sequence data for MCV-TKS suggested that the LT
gene would produce truncated LT, which is associated
with the pathogenesis of Merkel cell carcinoma [Shuda
et al,, 2008]. However, to determine whether MCPyV
infection is a risk factor for KS, the MCPyV status in
Merkel cell in K8 patients should be investigated.

In conclusion, MCPyV was detected in Japanese cases
with Merkel cell carcinoma and KS. Although MCPyV
infection appears to be rare in the Japanese population,
this study provides evidence that MCPyV is spread
worldwide, and that MCPyV is associated with patho-
genesis in some Merkel cell carcinoma cases.
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Biscoclaurine alkaloid cepharanthine inhibits the growth of primary effusion
lymphoma in vifro and in vivo and induces apoptosis via suppression of the

NF-kB pathway
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Primary effusion lymphoma (PEL) is a unique and recently identi-
fied non-Hodgkin’s lymphoma that was originally identified in
patients with AIDS. PEL is caused by the Kaposi sarcoma-associ-
ated herpes virus (KSHV/HHV 8) and shows a peculiar presenta-
tion involving liquid growth in the serous body cavity and a poor
prognosis. As the nuclear factor (NF)-xB pathway is activated in
PEL and plays a ceatral role in oncogenesis, we examined the
effect of a biscoclaurine alkaloid, cepharanthine (CEP) on PEL
derived cell lines (BCBL-1, TY-1 and RM-P1), in vitro and in vivo.
An methylthiotetrazole assay revealed that the cell proliferation of
PEL cell lines was significantly suppressed by the addition of CEP
(1-10 pg/ml). CEP also inhibited NF-xB activation and induced
apoptotic cell death in PEL cell lines. We established a PEL ani-
mal model by intraperitoneal injection of BCBL-1, which led to
the development of ascites and diffuse infiltration of organs, with-
out obvious solid lymphoma formation, which resembles the dif-
fuse nature of human PEL. Intraperitoneal administration of CEP
inhibited ascites formation and diffuse infiltration of BCBL-1
without significant systemic toxicity in this model, These results
indicate that NF-«xB ceuld be an ideal molecular target for treat-
ing PEL and that CEP is quite useful as a unique therapeutic
agent for PEL.

© 2009 UICC

Key words: NF-xB; primary effusion lymphoma; cepharanthine;
animal model

Primary effusion lymphoma (PEL) is a subtype of non-Hodg-
kin’s B cell lymphoma that mainly presents in patients with
advanced AIDS, but is sometimes also found in immunosup-
pressed patients such as those who have undergo organ transplanta-
tion.'"” Among AIDS-related NHLs, PEL generally has an
extremely aggressive clinical course with a median survival of only
3 months.” PEL usually presents as a lymphomatous effusion in
body cavities and is caused by Kaposi sarcoma-associated herpes
virus (KSVH/HHV-8).! A number of constitutively activated sig-
naling pathways play critical roles in the survival and growth of
PEL cells These include nuclear factor (NF)-xB, JAK/STAT and
PI3 kinase.*® KSHV/HHV-§ encodes a virus Fas-associated death
domain-like interleukin-1f3-converting enzyme (FLICE) inhibitory
protem (vFLIP) that has the ability to activate the NF-xB path-
way.”” yFLIP has been shown to bind to the IKK complex to
induce constitutive kinase activation,'” and as a result, PEL cells
have high levels of nuclear NF-xB activity, whereas inhibition of
NF-xB induces apoptosis in PEL cells.™' These studies support the
idea that vFLIP-mediated NF-xB activation is necessary for the sur-
vival of PEL cells and that this pathway represents a target for mo-
lecular therapy for this disease.

Cepharanthine (CEP) is a biscoclaurine (bisbenzylisoquinoline)
amphipathic alkaloid that was isolated from Stephania cepharan-
tha Hayata. CEP and extracts from this plant are widely used, pri-
marily in Japan, to treat a varlety of acute and chronic diseases
without any serious side effects.!” CEP is known to possess vari-
ous biological and pharmacological activities, including mem-
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brane- stabxhzmg, 314 immunomodulatory,'® and anti-inflamma-

tory activities.'" CEP also has antiproliferative and ploapoptotic
effects against a diverse range of tumors both in vitro and in
vivo.' ™" In addmon this agent has been shown to inhibit the acti-
vation of NF-xB,** a tr anscription factor of critical importance
in the regulation of cell growth and survival.

In the present study, we investigated the antitumor activity of
CEP against human PEL cell lines. CEP inhibits constitutive
active NF-xB, leading to apoptosis in PEL. Our findings provide
the experimental basis for utilizing CEP against tumors activated
by NF-xB.

Material and methods
Cell lines and reagents

The human PEL cell lines, BCBL-1 (obtained through the
AIDS Research and Reference Reagent Program, Division of
AIDS, NIAID, NIH),* TY-1% and RM- PI (a kind gift of Dr. T.
Taira, University of the Ryukyus, Japan),”® and non-PEL human
B cell lines, BALL-1 (a kind gift of Dr. K. Kuwahara, Kumamoto
University, Japan), RAMOS (a kind gift of Dr. K. Kuwahara,
Kumamoto University, Japan) and Raji (obtained from RIKEN
Cell Bank, Tsukuba, Japan) were maintained in RPMI1640 sup-
plemented with 10% heat inactivated fetal calf serum, penicillin
(100 U/ml) and streptomycin (100 pg/ml) in a humidified incuba-
tor at 37°C and 5% CO,. CEP was kindly provided by Kaken
Shoyaku Co., Ltd. (Tokyo, Japan). DHMEQ is a NF- KB inhibitor
that acts at thc level of nuclear translocation of NF-xB.?’

Tetrazolium dye methylthiotetrazole assay

The antiproliferative effects of CEP against PEL and non-PEL
B cell lines were measured by the melhylthlotetxazole (M'IT)
method (Sigma, St. Louis, MO). Briefly, 2 X 10" cells were incu-
bated in triplicate in a 96-well microculture plate in the presence
of different concentrations of CEP in a final volume of 0.1 ml for
48 hr at 37°C. Subsequently, MTT (0.5 mg/ml final concentration)
was added to each well. After 3 hr of additional incubation, 100 ul
of a solution containing 10% SDS plus 0.01 N HCI were added to
dissolve the crystal. The absorption values at 570 nm were deter-
mined with an automatic enzyme-linked immnosorbent assay
(ELISA) plate reader (Multiskan, Thermo ElectronVantaa, Fin-
land). Values are normalized to the untreated (control) samples.
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Cell cycle analysis

For cell cycle analysis, after PEL cells were treated with CEP
forl8 hr, the cells were incubated in hypotonic lysing buffer [0.1%
sodium citrate, 0.1% Triton X, 0.1% RNase A and 50 pg/ml propi-
dium iodide (PD)] at 4°C for 4 he.*® DNA content in each cell was an-
alyzed on LSR TI flow cytometer (BD Bioscience, San Jose, CA).
Data were analyzed on FlowJo software (Tree Star, San Carlos, CA).

Annexin V assay

Apoptosis was quantified using the Annexin V: PE apoptosis
detection kit I (BD Biosciences). Briefly, after treatment with
CEP, cells were harvested, washed and then incubated with
Annexin V-PE and 7-AAD for 15 min in the dark, before being
analyzed on a LSR Il cytometer.

Caspase activity measurements with flowcytometiy

The active caspase 3 activity was measured using PhiPhiLux-
G2D2 (Oncolmmunin, Gaithersburg, MD)™ according to the man-
ufacturer’s instructions. Briefly, CEP treated or untreated cells
were incubated with 10 uM caspase substrate for 60 min, added
2 pl/ml of PI and analyzed by LSR II. Data were analyzed on
FlowJo software, expressed casepase 3 positive cellular events
among Pl-negative (living) cells.

Western blot analysis

BCBL-1, TY-1 and RM-PI cells with or without treatment of
10 pg/ml of CEP for 24 hr were collected and washed in cold PBS
before the addition of 400 ul of 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 ng/m! pepstatin A, 2 pg/ml aprotinin and
2 ugf/ml leupeptin). After incubation on ice for 10 min, the sam-
ples were vortexed for 10 sec. Nuclei were pelleted by centrifuga-
tion at 5,000 rpm for | min and washed once with buffer A. Fifty
microliters of buffer C (50 mM HEPES-KOH pH 7.9, 10% glyc-
erof, 420 mM KCl, 5 mM MgCl,, 0.1 mM EDTA, | mM DTT, 0.5
mM PMSF, 2 pg/ml pepstatin A, 2 pg/mi aprotinin and 2 pg/ml
leupeptin) were added to the nuclei and incubated on ice for 30
min, Nuclear extracts were obtained by centrifugation at 15,000
rpm for 15 min, then the nuclear extracts (40 pg protein) were sep-
arated by 10% SDS-PAGE and blotted onto a PVYDF membrane
(GE Healthcare, Tokyo, Japan). Detection was performed using
Enhanced Chemiluminescence Western Blotting Detection Sys-
tem (ECL, GE Healthcare Bio-Science, Buckinghamshire, UK).
Primary antibodies used were as follows: anti-p65 (F-6), anti-
phospho(Ser311)-p6S, anti-IkBa(C-21), anti-phospho(Ser32)-
IxBa (B-6), anti-IKKaf (H-479), anti-phospho(Thr23)-IKK«f3,
anti-Actin(C-2) and anti-Histone HI(N-16) (Santa CruZ Biotech-
nology, Santa Cruz, CA).

Quantification of the Western blots was performed using NIH
Image software (NIH, Bethesda, MD). Relative density was eval-
uated and normalized with actin or Histone H1.

Measurement of nuclear active NF-kB p65

PEL cells are treated with CEP for 18 hr and nuclear active NF-
kB p65 was measured using an ELISA according to the manufac-
tures’s protocol (IMGENEX, San Diego, CA). In brief, the cells
were centrifuged at 400g for ! min and washed with cold phos-
phate buffered saline (PBS). The cells were lyzed by 400 ul of hy-
potonic buffer and 30 ul of 10% NP-40 was added. The mixture
was centrifuged at 18,000g for 30 sec. The pellet was resuspended
in 220 pl of nuclear extraction buffer and centrifuged at 18,000¢
for | min. The supernatant was used as nuclear extract. The anti-
p65 antibody coated plate captured nuclear or cytoplasmic free
p635 of samples (0.5-1 mg/m! of protein) and the amount of bound
p65 was detected by adding a secondary antibody followed by
alkaline phosphatase-conjugated secondary antibody. The absorb-
ance value for each well was determined at 405 nm by a micro-
plate reader (Bio-Rad). The relative activity of NF-xB is

expressed as a percentage measured in control cells that were not
treated with CEP. !

Electrophoretic mobility shift assay

The nuclear extracts from BCBL-1 cells were prepared using
NF-xB/p65 ActiveELISA (IMGENEX). BCBL-1 cells that had
been treated with CEP for the indicated period were collected and
washed with PBS before | X hypotonic buffer (I ml) was added
and then they were incubated on ice for 15 min, Fifty microliters
of 10% detergent solution were added to the samples, and nuclei
were collected by centrifugation at 14,000 rpm for 30 sec. One
hundred microliters of nuclear lysis buffer were added to the
nuclei, which were then incubated on ice for 30 min. Nuclear
extracts were obtained by centrifugation at 14,000 rpm for 10 min.
An electrophoretic mobility shift assay (EMSA) was performed
using a 2nd generation DIG Gel Shit Kit (Roche Diagnostics,
Mannheim, Germany). Briefly, double-stranded oligonucleotide
probes containing the mouse immunoglobulin kappa (Igx) light-
chain NF-kB consensus site were purchased from Promega (Mad-
ison, WI). The oligonucleotide was 3’ end-labeled with a digoxi-
genin-11-ddUTP. The nuclear extract (10 pg protein) from BCBL-
| cells was incubated with 1 pg of poly[d(I-C)], 0.1 pg of poly-L-
lysine and DIG-labeled oligonucleotide in binding buffer [20 mM
HEPES pH 7.6, 1 mM EDTA, 10 mM (NH,),S0O,, 0.2% Tween
20 and 30 mM KCl] for {5 min at 25°C. After the incubation, 5X
loading buffer (0.25X TBE and 60% glycerol) was added, and the
samples were separated on 5% acrylamide gel in 0.5X TBE
buffer. The oligonucleotide was electroblotted onto a positively
charged nylon membrane (Roche Diagnostics, Mannheim, Ger-
many) and immunodetected using anti-digoxigenin-AP.
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Figure 1 — CEP inhibits the proliferation of PEL cells. The PEL
cell lines (BCBL-1, TY-1 and RM-P1) and non-PEL B cell lines
(BALL-1, RAMOS and Raji) were incubated with 1, 3, 5, 10 pg/ml
CEP for 48 hr. A cell proliferation assay was carried out using MTT
as described in Material and methods section. One representative
result from 3 independent experiments is shown.
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Figure 2 — CEP causes cell cycle arrest of PEL cells. The PEL cell lines BCBL-1, TY-1 and RM-P1 were treated with CEP (5 or 10 pg/mi)
for 18 hr, and DNA histograms were determined and the cell cycle was analyzed using FlowJo software. One representative result from 3 inde-
pendent experiments is shown, [Color figure can be viewed in the online issue, which is available at wwsw.interscience.wiley.cont.]

Xenograft mouse nodel

NOD/Scid/Jak3 deficient (‘I:JO]) mice were established bx back-
crossing Jak3deficeint mice™ with the NOD.Cg.-Prkdc™" strain
for 10 generations.”® NOJ male mice 8-to 10-week-old were
housed and monitored in our animal research facility according to
the institutional guidelines. All experimental procedures and pro-
tocols were approved by the Institutional Animal Care and Use
Committee at Kumamoto University. NOJ mice were intraperito-
neally inoculated with 7 X 10® BCBL-{ cells suspended in 200 pl
PBS. Then the mice were treated with intraperitoneal injections of
PBS or CEP (10 mg/kg per day). Tumor burdens were evaluated
by measuring the body weight and ascites.

Immunohistochemistry

To investigate the expression of KSHV/HHV-§ ORF73
(LANA) protein, tissue samples were fixed with 10% neutral-buf-
fered formalin, embedded in paraffin and cut into 4-pm sections.
The sections were deparaffinized by sequential immersion in xy-
lene 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,0, for 30 min at room temperature.
Affinity-purified PA1-73N antibody,™ diluted 1:3,000 in PBS/5%
bovine serum albumin (BSA), was then applied, and the sections
were incubated 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
(catalyzed signal amplification system kit; DAKO, Copenhagen,

Denmark). The signal was visualized using 0.2 mg/ml diamino-
benzidine and 0.015% H,0, in 0.05 mol/l Tris-HCI, pH 7.6.

Measurement of HHV-8 genome by real-time PCR

DNA was extracted from the lung, liver and spleen of CEP-
treated and untreated mice. Copy number of KSHV ORF26 was
measured with a Tagman real-time PCR* The real-time PCR
assay used forward (5'-CTCGAATCCAACGGATTTGAC-3') and
reverse (5'-TGCTGCAGAATAGCGTGCC-3’) primers (Oligos
Etc., Wilsonville, OR) and the fluorogenic Tagman probe (5'-
CCATGGTCGTGCCGCAGCA-3'; PE Applied Biosystems, Fos-
ter City, CA) to amplify and detect a 74-base pair amplicon in the
KSHV minor capsid protein gene (open reading frame 26, from
nucleotides 47,311 to 47,384 of the KSHV genome).

Treatment of Balblc mice with CEP

Eight-week-old female Balb/c mice were obtained from Clea
Japan (Tokyo, Japan). Mice were treated with intraperitoneal
injections of PBS or CEP (10 mg/kg per day) for 21 consecutive
days. Splenocytes were harvested, counted the cell numbers and
stained with anti-mouse CD3-FITC and anti-mouse CDI9-PE
(eBiosciences, San Diego, CA).The cells were analyzed on LSR 1T
flow cytometer, and data were analyzed on FlowJo software.

Statistical analysis

All assays were performed in triplicates and expressed as mean
values = SE. The statistical significance of the differences
observed between experimental groups was determined using the
Student ¢ test. p values less than 0.05 were considered significant.
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FiGure 3 — CEP causes apoptosis of PEL cells. («) CEP-induced apopotosis as detected by Annexin V and 7-AAD dual staining. The PEL
cell lines BCBL-1, TY-1 and RM-P1 were treated with CEP (10 pg/ml) tor 24 hr and were subsequently stained with Annexin-PE and 7-AAD
before being analyzed by flow cytometry. (b) Apoptosis was determined by flow cytometric analysis of DNA fragmentation of PI stained nuclei.

One representative result from 3 independent experiments is shown.

Results

CEP causes a dose-dependent inhibition of proliferation and apo-
ptosis of PEL cell lines

We initially sought to determine whether CEP treatment leads
to the inhibition of PEL cell proliferation. Three PEL cell lines
(BCBL-I, TY-1 and RM-P1) and 3 non-PEL B cell lines (Ball-1,
RAMOS and Raji) were cultured in the presence of 1, 3, 5 and 10
pg/ml CEP for 48 hr, and proliferation was analyzed by MTT
assays. Figure | shows that as the dose of CEP increased from | to
10 pg/ml, cell growth inhibition increased in a dose-dependent
fashion in all PEL cell lines and non-PEL B cell lines. PEL cell
lines were more sensitive than non-PEL B cell lines against CEP
treatment. In subsequent experiments, we determined whether the
observed suppressive effects of CEP in MTT assay were due toin-

duction of cell cycle arrest or apoptosis. As shown in Figure 2,
CEP treatment for 18 hr induced cell cycle arrest with dose-de-
pendent manner. We used Annexin V and 7-AAD dual staining to
detect apoptosis. Annexin positive 7-AAD negative fraction repre-
sents the early phase of apoptosis whereas Annexin positive 7-
AAD positive fraction represents the late phase of apoptosis and
necrosis.”® As shown in Figure 3«, 10 pg/ml CEP treatment for 24
hr caused apoptosis in all cell line tested. The sub-G1 population
of cells (apoptotic cells)*>*" increased with CEP treatment (Fig.
3b), indicating the PEL cells fell into apoptosis. Next, we meas-
ured the activation of caspase 3 to further confirm that CEP
induced apoptosis in PEL cells. As shown in Figure 4, CEP treat-
ment of PEL cells induced activation of caspase 3, a hallmark of
cells undergoing apoptosis.*’
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Figure 4 — CEP induces apoptosis of PEL cell via Caspase-3 dependent pathway. The PEL cells BCBL-1, TY-1 and RM-P1 were treated
with CEP (10 ug/ml) for 24 hr and were subsequently stained with caspase-3 before being analyzed by flow cytometry. One representative result

from 3 independent experiments is shown.
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Ficure 5 — Inhibitory effects of CEP on the expression of NF-xB
pathways. («) The PEL cell lines BCBL-{, TY-1 and RM-P1 were
treated with CEP (10 pg/ml) for 24 hr and total proteins were
extracted and Western blot was performed. The numbers indicate the
relative expression of each protein level normalized with actin. (b)
The PEL cell lines BCBL-1, TY-1 and RM-PI were treated with CEP
(10 ug/ml) for 24 hr and nuclear proteins were extracted and Western
blot was performed to detect the NF-kB p65. The numbers indicate
the refative expression of p65 normalized with Histone H1. One repre-
sentative result from 3 independent experiments is shown.
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FIGURE 6 — Inhibition of NF-xB activation with CEP, (a) The PEL
cell lines BCBL-1, TY-1 and RM-P1 were treated with CEP (10 pg/
ml) for 24 hr and nuclear proteins were extracted and NF-kB activity
was measured by ELISA. Data are expressed as a percentage of con-
trol. (5) BCBL-1 cells were treated with a specific NF-xB inhibitor,
DHMEQ (10 pM) or CEP (10 pg/ml) for 24 hr and assessed for NF-
kB DNA binding activity by EMSA using an NF-xB specific oligonu-
cleotide probe. Shown as the mean * S.D. from 3 independent experi-
ments,
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Figure 7 — Treatment of NOD/Scid/Jak3 deficient mice with CEP suppresses the development of KSHV-associated lymphoma in vivo. (a) A
photograph of CEP-treated and nontreated ascites-bearing mice 3 weeks after being inoculated with BCBL-1 intraperitoneally. (b) The body
weight of the mice inoculated with BCBL-1 cells and treated or untreated with CEP, shown as the mean % §8.D. from 7 mice. (¢) The volume of
ascites in mice inoculated with BCBL-| cells and treated or untreated with CEP, shown as the mean % S.D. from 7 mice. (¢) Real-time PCR for
KSHYV genome. DNA was extracted from the lung, liver and spleen of CEP-treated and untreated mice. Copy number of KSHY ORF26 was
measured with a Tagman reai-time PCR. {Color figure can be viewed in the online issue, which is available at ww.interscience.wiley.com.]

CEP efficiently blocks the constitutive NF-xB activity of PEL
cell lines

Several reports have suggested that NF-xB can act as a survival
factor and is required for the proliferation of PEL cells.”'"*
Because NF-kB is constitutively active in PEL cells,” we exam-
ined whether CEP inhibits NF-xB activation. When PEL cell lines
were treated with 10 pg/mi CEP for 24 hr, the amount of phospho-
rylated p65 NF-xB protein was severely reduced; however, the
amount of p65 NF-xB protein was rather increased, indicating that
CEP suppresses NF-xB activity by suppressing the activation of
p65 NF-xB (Fig. S5«). Suppression of p65 NF-xB activation blocks
the nuclear translocation leads to the accumulation of p65 NF-kB
protein. Untreated PEL cell lines constitutively expressed both
total and phosphorylated IxB, the upstream of NF-xB. CEP treat-
ment slightly reduced phosphorylated IxB and phosphorylated
IKKa/B whereas total IxkB was slightly increased, suggesting that
inhibition of phosphorylation of IxB leads to stabilization of IxB
by blocking degradation of IxB protein. Thus, CEP mainly inhibits
the p65 NF-kB activation. Next, We fractioned nuclear protein
and analyzed the expression of p65 by Western blotting (Fig. 5b)
to confirm the p65 NF-xB suppression by CEP. When PEL cell
lines were treated with 10 pg/ml CEP for 24 hr, the amount of nu-
clear p65 NF-xB protein was reduced as expected, indicating CEP
suppresses NF-kB activity. To confirm that CEP could inhibit NF-
KB activity in PEL cell lines, we measured the active NF-xB of
nuclear extract by ELISA, and performed an EMSA with DIG {a-
beled double-stranded NF-xB oligonucleotides (Fig. 6). Treatment
with CEP suppressed the NF-xB activity in all cell lines tested

(Fig. 6a). Treatment with DHMEQ, an NF-xB inhibitor, at a con-
centration of 10 pg/ml abrogated the constitutive NF-xB binding
activity in BCBL-1 cells. CEP also abrogated the constitutive NF-
kB binding activity (Fig. 6b). These results reveal that CEP blocks
the constitutive NF-xB activity of PEL celis.

In vivo effects of CEP on immunodeficient mice that had been ino-
culated with a PEL cell line

As the above results suggested the efficacy of CEP for the treat-
ment of PEL patients, we next examined the in vivo effects of
CEP in an immunodeficient mice model. Severe immunodeficient,
NODY/Scid/Tak3 deficient mice (NOJ mice)”” were inoculated in-
traperitoneally with 7 X 10° BCBL-I cells. BCBL-1 produced
massive ascites within 3 weeks of inoculation (Fig. 74), and body
weight was significantly increased in all mice (Fig. 7b). As PEL is
characterized by lymphomatous effusions of serous cavities and
rarely presents with a definable tumor mass,"” these mice are a
clinically relevant PEL model. A dose of 10 mg/kg CEP in PBS or
PBS alone was administrated via intraperitoneal injection on day 3
after cell inoculation and everyday thereafter for 21 days. CEP
treated mice appeared to be healthy, with the same body weight as
the nontumor inoculated mice and had a significantly lower vol-
ume of ascites (5.2 = {5 mlvs. I.1 = 1.2 ml, n = 7 each, p <
0.001) (Fig. 7b).The body weight of the nontreated mice was sig-
nificantly increased compared to that of the CEP treated mice
(342 = 1.7 gvs. 266 = L4 g, n=7,p <0.00l; Fig. 7c). DNA
was extracted from the lung, liver and spleen of CEP-treated and
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Figure 8 — Metastasis of PEL cells into the liver and lungs of the
BCBL-1 inoculated mice. Hematoxylin—eosin staining and immuno-
histochemical staining using anti-LANA (PAL-73N antibody) was
performed to detect BCBL-1

untreated mice. Copy number of KSHY ORF26 revealed that CEP
treatment suppressed metastasis (Fig. 7d).

Organ infiltration by tumor cells was analyzed and evaluated by
Hematoxylin-eosin staining, and LANA immunostaining (Fig. 8).
We found that mice inoculated intraperitoneally with BCBL-1
exhibited infiltration into the lung and liver without macroscopic
lymphoma formation (Fig. 8). The number of LANA positive cells
in CEP treated mice was significantly reduced (0—lcells per field
magnification, X40) compared to the nontreated mice (10-20 cells
per field magnification, X40). These data indicate that CEP signif-
icantly inhibits the growth and infiltration of PEL cells in vivo.

To investigate the adverse effect of CEP for lymphocytes, a
dose of 10 mg/kg CEP in PBS or PBS alone was administrated
into Balb/c mice vig intraperitoneal for 21 days. At the time of
sacrifice, the gross anatomical changes were not observed in CEP
treated mice including the size of spleen. As shown in Figure 9,
the number of splenocytes were not significantly different between
CEP treated and untreated mice. Percentages of B lymphocytes
and T lymphocytes were also not significantly different (Fig. 9b),
indicating that there are no significant adverse effects of CEP
including for lymphocytes.

Discussion

In the present study, we investigated the direct effects of the
biscoclaurine alkaloid CEP on PEL cells in vitro and in vivo. Our
results show that CEP exhibits potent proapoptotic effects on PEL
cells and provides evidence that such apoptosis occurs via inhibi-

Ficure 9 — CEP has no adverse effects for murine splenic lympho-
cytes. {a) Number of splenocytes after CEP treatment for 21 days,
shown as the mean = S D. from 4 mice (p > 0.05). (b) Percentage of
B lymphocytes (CD197) and T lymphocytes (CD197) in splenocytes
after CEP treatment for 21 days, shown as the mean * S.D. from 4
mice {p > 0.05).

tion of NF-xB activity. The rapid and efficient engraftment of
PEL cells in NOD/Scid/Jak-3 deficient (NOJ) mice displays char-
acteristics of the human disease and this small animal system is an
important step towards developing an in vivo model for studying
PEL and HHV-8 pathogenesis. Immunodeficient NOD/Scid mice
have been previously used as the recipient of human tumor xeno-
graft especially for hematological malignancies,™ " as they ex-
hibit complete deficiencies in mature T and B lymphocytes and
complement protein, and partial deficiencies in NK cells, macro-
phages and dendritic cell function.*'*? Recent advances suggest
that complete deficiency of NK cells allows more efficient engraft-
ment of human tumor cells and human hematopoietic stem
cells, ™ The NOJ mice display a complete deficiency of NK
cells like the NOD/Scid/common vy deficient (NOG) mice and pro-
vide the ideal microenvironment for the propagation and expan-
sion of PEL cells. The formation of malignant ascites without
solid lymphoma formation displayed in PEL xenografted NOJ
mice resembles the diffuse nature of human PEL."

PEL is an incurable, aggressive B-cell malignancy and most of
the patients that suffer from it respond poorly to traditional chem-
otherapy and develop chemoresistance.'” Several agents have
been tested in the search for a more effective treatment for PEL. It
is now postulated that the mechanisms of lymphomagenesis
involve deregulation of several signaling pathways that may act
either independently or crosstalk with each other. These include
NF-xB, JAK/STAT and PI3 kinase*® in the case of PEL. PEL is
associated with KSHV/HHV-§ infection and KSHV/HHV-8 con-
tains a homologue of the cellular FLIP plotem vFLIP, which has
the ability to activate the NK-xB pathway 3840 Moreover, inhibi-
tion of NK-xB activity leads to apoptosis of KSHV-infected PEL
cells.™"" These results suggest that inhibition of NK-xB is an
effective target for the treatment of PEL. Activation of NK-xB is
involved in various kinds of cancer development and progres-
sion®™™ as well as in virus associated lymphomas,”’ mdlcatmu
that NF-xB is the good molecular target for cancer treatment.”

CEP is one of the biscoclaurine alkaloids that is widely used for
the treatment of many acute and chronic diseases in Japan. Antitu-
mor effects and mductlon of apoptosis by CEP have been reported
in the last 10 years.' Recently CEP has been shown to inhibit
the activation of NF-xB;'****" however, the mechanisms are
largely unknown. In our study, we demonstrated that CEP is able
to suppress the growth of PEL cells and induce apoptosis via the
inhibition of NF-xB activity especially by blocking the phospho-
rylation of p65 NF-xB (Fig. 5a). KSHV vFLIP binds to the IKK
complex to induce constitutive kinase activation.' Consequently,
PEL cells have high levels of nuclear NF-KB activity, which is
necessary for the survival of PEL cells.” Treatment of PEL cells
with CEP abrogates the NF-xB activity by blocking phosphoryla-
tion of NF-xB p65 (Fig. 5a), inhibiting NF-xB nuclear transloca-
tion (Fig. 5h) and DNA binding activity (Fig. 6b). However, as
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CEP may not affect KSHV vFLIP, vFLIP continuously activates
IKK and results in the retention and accumulation of nonactivated
NF-xB p65 (Fig. 5a).

CEP has been shown to_protect human lymphocytes against
radiation-induced apoptosns ¥ and oxidative damage “In addmon,
CEP has been used in Japan for a long time'” and has shown few
side effects,” ™ and a pharmacokmetxc study did not show any
adverse effects in volunteer subjects In this study, we observed
administration of CEP showed no significant adverse effects for
Balb/C mice (Fig. 8). Moreover, Kikukawa er al. recently showed
that CEP treatment was effective for the patient with chemothel—
apy resistant multiple myeloma without obvious side effects.™
Taken together, CEP is the very useful for the treatment of

patients with PEL without side effects. However, the effects of

CEP on PEL cells other than NF-xB pathway are still unclear
because CEP exerts diverse pharmacological effects.'” There may
be other pathways for inducing the apoptosis of PEL cells other

than vig inhibition of NF-xB. Indeed, CEP has been shown to
have a multidrug resistant-reversing effect,'” to induce cell cycle
reﬂuldtors such as p27Kip! and p21WAFl and to activate
JNK 1/2.! Further investigations aimed at determining the efficacy
of CEP are warranted and may lead to the development of new
effective therapies for this intractable lymphoma.

In conclusion, we have shown the ability of CEP to induce cell
death through blocking the NF-xB pathway in PEL cells. Our
study provides the rationale for a clinical trial of CEP in patients
with PEL and other NF-xB activated tumors.
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