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microscope (Olympus, Tokyo, Japan) or an All-in-One BZ-9000
Fluorescence microscope (KEYENCE, Osaka, Japan). Digital image Z-
stacks were created, and projections were made from them using
an Olympus FV1000 microscope and FV10-ASW software (Olym-
pus). Fluorescence intensity was measured using the NIH Image ]
Program.

2.5. Quantification of cellular Purkinje cell size

Sixteen-micrometer stacks of cerebellar optical sections were
collected using an All-in-One BZ-9000 Fluorescence microscope
and Z-stack images were joined into sagittal images using BZ-II
software (KEYENCE). These data were transferred into Neurolucida
software (MBF Bioscience, Japan, Inc., Chiba, Japan). Four stacks
(each 0.09 wm? in area) for each of three sections from WT, HGF-
Tg, SCA7-K], and SCA7-KI/HGF-Tg mice (n=3 each) were used to
measure the cell sizes of calbindin-positive Purkinje cells. Quantifi-
cation of cell size was performed as previously described with slight
modifications (Yoo et al., 2003). Briefly, each cell surface was out-
lined manually. The perikaryon area of each cell was estimated to be
the approximately circular area enclosed by the cell perimeter and
the extension of the cell perimeter toward the initial point of den-
drite extension. Partial cells and binary cell images were excluded
based upon cell shape and relative fluorescence intensity.

2.6. Enzyme-linked immunosorbent assay (ELISA)

After the mice were placed under deep anesthesia with an
overdose of sodium pentobarbital, the cerebella of WT, HGF-Tg,
SCA7-KI, and SCA7-KI/HGF-Tg mice (n=4 each) were collected,
quickly frozen and stored at ~80°C until used. Frozen tissue sam-
ples were homogenized, subsequently sonicated using a Bioruptor
UCD-250 (Cosmo Bio Co., Ltd., Tokyo, Japan), and centrifuged at
4<C. The supernatants were then used to quantify HGF protein lev-
els using ELISA (Institute of Immunology Co., Ltd., Tokyo, Japan)
as previously described (Kadoyama et al,, 2007; Sun et al., 2002;
Yamada et al., 1995).

2.7. Assessment of motor performance

A rotarod apparatus (Bioseb, Paris, France) was used to assess
the ability of an animal to balance on an elevating rotating metal
rod (Carter et al., 2001). Rotarod tests are a common tool of studies
of mouse models of spinocerebellar ataxia (Yoo et al., 2003; Custer
et al., 2006). In this study, 10-week-old mice (WT; n=13, HGF-Tg;
n=12, SCA7-KI; n=12, SCA7-KI/HGF-Tg; n=8) were placed on the
rotarod, the speed of which was set at 5rpm initially and accel-
erated until reaching a speed of 20rpm for 5 min. After taking a
rest for more than 5 min, the latency to fall from the rotarod was
measured for 5 min using the machine mode (initial rate of 5 rpm;
acceleration until reaching 40 rpm for 10 min). The average latency
to fall for each genotype was calculated.

2.8. Statistical analyses

Statistical analyses were carried out using StatView software
version 5.0.1 (SAS institute, Cary, NC). Differences in the total
intensities of immunostaining for HGF, GLAST, GLT1, size of Purk-
inje cells, and regional HGF levels in the cerebellum ameong the
above animal models were all determined by one-way ANOVA
with Fisher’s PLSD tests. Latency to fall in rotarod tests was ana-
lyzed using the Student’s t-test. The results are presented as the
mean £ S.E.M. A value of P<0.05 was considered statistically sig-
nificant.

A

_ calbindin c-Met caiidin]c-Met

B calbindin

c-Met GFAPI/c-Mai

Fig. 1. Immunocytochemical and immunchistochemical localization of c-Met in Q3

cerebellar cells in vitro and in vivo. HGF receptor (c-Met) is expressed in Purkinje
cells of the mouse cerebellum in vitre and in vivo. (A) Immunocytochemistry in pri-
mary neuronal cultures of the cerebellum from E16 mouse embryos. Purkinje cells
show double immunoreactivity (white arrowheads) for calbindin (red) and ¢-Met
(green) in culture. Bar, 30 wm. (B and C) Immunohistochemistry in 10-week-old
wild-type (WT) mice. (B) Purkinje cells show double immunoreactivity against cal~
bindin (green) and c-Met (red). PL, Purkinje cell layer; ML, molecular layer. Bar,
30 pm. (C) Bergmann glia show double immunoreactivity against GFAP (green) and
c-Met (red). Bar, 30 wm. (For interpretation of the references to color in this figure
caption, the reader is referred to the web version of the article.)

3. Results
3.1. c-Met is expressed in the cerebellar Purkinje cells in vitro

To assess whether cerebellar Purkinje cells are potential tar-
get cells of HGF, we first performed double immunostaining of
c-Met (green) and calbindin (red), a marker for Purkinje cells, in
primary cultures of embryonic mouse cerebellar neurons in vitro.
c-Met-immunoreactivity (IR) was observed in a large number of
cerebellar neurons, with most of these presumably being granular
cells. In addition to these neurons, c-Met-IR was indeed detected
in calbindin-positive Purkinje cells (Fig. 1A).

3.2. c-Met is expressed in the cerebellar Purkinje cells and
Bergmann glia in vivo

We next assessed whether c-Met is expressed in Purkinje cells
in vivo using double immunostaining for c-Met (red) and calbindin
(green)in the cerebella of WT mice. c-Met-IR was detected in Purk-
inje cells of the cerebella of WT mice. In addition, c-Met-IR was
detected in other cells surrounding to the Purkinje cells (Fig. 1B).
These cells that were closely apposed to Purkinje cells resem-
bled Bergmann glia. To determine if these non-Purkinje cells were
Bergmann glia, double immunostaining for c-Met (red) and GFAP
(green), a marker for Bergmann glia, was performed. As shown in
Fig. 1C, c-Met-IR was detected in Bergmann glia. These findings
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indicate that both Purkinje cells and Bergmann glia are potentia}
target cells of HGF in vivo.

3.3. Immunohistochemical analyses of HGF and phospho-c-Met in
the cerebellum of WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg mice

To explore whether HGF can modify the degeneration of
Purkinje cells in SCA7-KI mice, we used neuron-specific eno-
lase (NSE)-driven HGF overexpression transgenic mice (HGF-Tg)
to introduce HGF into the Purkinje cells of SCA7-KI mice. Cross-
ing SCA7-KI mice with HGF-Tg mice generated the following four
mouse models: (1) wild-type littermates (WT), (2) HGF-Tg, (3)
SCA7-KI, and (4) SCA7-KI/HGF-Tg mice. This approach allowed the
stable introduction of the HGF gene directly into the cerebellar neu-
rons of SCA7-KI mice. Confirmation that HGF was introduced into
the cerebellum of SCA7-KI/HGF-Tg mice was accomplished with
immunostaining. HGF-IR was faintly detected in calbindin-positive
Purkinje cells and GFAP-positive Bergman glia of the cerebellum in
WT and SCA7-KI mice (Fig. 2A, upper panel), while more intense
staining of HGF-IR was detected in Purkinje cells of HGF-Tg mice as
well as in SCA7-KI/HGF-Tg mice (Fig. 2A, bottom panel). In addi-
tion to Purkinje cells, HGF-IR was detected in cells surrounding
the Purkinje cells, i.e. GFAP-positive Bergmann glia. These findings
were further confirmed by quantitative analyses of the immunoflu-
orescent intensity of HGF-IR in sections of the cerebellum (Fig. 2B)
and HGF content using ELISA analyses (Fig. 2C). These findings sug-
gest that overexpressed HGF in cerebellar neurons is released into
the extracellular space, and is in turn distributed to Bergmann glia.

3.4. c-Met is tyrosine-phosphorylated in Purkinje cells and
Bergmann glia in SCA7-KI/HGF-Tg mice

Further attempts were made to determine if overexpres-
sion of HGF contributes to tyrosine-phosphorylation, and thereby
activation, of c-Met in SCA7-KI/HGF-Tg mice. The level of phospho-
c-Met-IR was much higher in both the Purkinje cells and Bergmann
glia of SCA7-KI/HGF-Tg mice compared to those of SCA7-KI mice.
These findings demonstrate that overexpression of HGF in SCA7-
KI/HGF-Tg mice contributes to the activation of c-Met in Purkinje
cells and Bergmann glia, prompting an examination of the role of
HGF in the modulation of these cells in SCA7-KI mice (Fig. 2D).

3.5. Overexpression of HGF attenuates the degeneration of
Purkinje cells of the cerebellum in SCA7-KI mice

To elucidate whether HGF plays a role in attenuating the degen-
eration of Purkinje cells in SCA7-KI mice, we next compared the
morphology of Purkinje cells from the cerebella of SCA7-KI and
SCA7-KI/HGF-Tg mice. Calbindin immunohistochemistry revealed
that Purkinje cells appeared to have large spherical cell bodies in
both WT and HGF-Tg mice, while a number of Purkinje cells with
reduced cellular size (degenerated neurons, white arrowheads),
were present in SCA7-KI mice (Fig. 3A). In contrast, many more large
spherical neurons were observed in SCA7-KIfHGF-Tg mice com-
pared to SCA7-KI mice (Fig. 3A). The size distribution of Purkinje
cells in WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg mice is shown
in Fig. 3B. Quantitative analyses showed that the size of Purkinje
cells in SCA7-KI mice was varied from small (<150 pm?) to large
(>150 wm?; healthy), while the quantity of small Purkinje cells
(<150 wm?)was reduced in SCA7-KI/HGF-Tg mice (Fig. 3B). Namely,
the fraction of small Purkinje cells was significantly lower in SCA7-
KI/HGF-Tg mice than in SCA7-KI mice. These findings demonstrate
that overexpression of HGF attenuates the degeneration of Purkinje
cells in SCA7-KI mice.
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Fig. 2. Immunohistochemical localization of HGF and phospho-c-Met in cerebellar
cells in vivo. Comparison of HGF levels by immunohistochemistry (A and B) and
HGF ELISA (C) in the cerebellum of 10-week-old WT, HGF-Tg, SCA7-KI, and SCA7-
KIfHGF-Tg mice using anti-rat HGF that detects both endogenous and exogenous
(overexpressed) HGF proteins. (A) HGF-IR is elevated in HGF-Tg and SCA7-KI/HGF-
Tg mice. PL, Purkinje cell layer; ML, molecular layer. Bar, 30 um. White arrowhead
indicates GFAPJHGF double-positive cells. (B) Fluorescent intensity (n =6 per group)
of HGF in each group. Mean HGF signal intensity was significantly elevated compared
to WT (**P<0.01, Fisher's PLSD test). Error bars indicate S.E.M. (C) HGF protein lev-
els in the whole cerebellum are elevated in HGF-Tg and SCA7-KI/HGF-Tg mice (n=4
per group, **P<0.01, Fisher's PLSD test). Error bars indicate S.E.M. (D) Immunohis-
tochemistry of tyrosine phosphorylation at positions 1230, 1234, and 1235 of c-Met
(phospho-c-Met, red) in the cerebellum in 10-week-old mice. Phospho-c-Met stain-
ing is shown in the cerebellum in all mice groups. Phospho-c-Met-IR is elevated in
both Purkinje cells (lower left panel, green) and Bergmann glia (lower right panel,
green) of SCA7-KI/HGF-Tg mice compared to SCA7-KI mice (upper panel, green).
White arrowheads indicate GFAP/phospho-c-Met double-positive cells. Bar, 30 m.
(For interpretation of the references to color in this figure caption, the reader is
referred to the web version of the article.)

3.6. Overexpression of HGF maintains the levels of the glutamate
transporters (GLAST and GLT-1) in the cerebellum of SCA7-KI mice

Bergmann glia are responsible for glutamate uptake (removal)
from the Purkinje cell synaptic cleft. It has been suggested that
polyglutamine-expanded ataxin-7 induces Purkinje cell excito-
toxicity by interfering with Bergmann glia-mediated glutamate
uptake. This is due to the fact that the expression of GLAST, a
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Fig. 3. HGF attenuates degeneration of Purkinje cell bodies. (A} Immunohistochem-
istry of calbindin (green) in the cerebellum of 10-week-old mice. SCA7-KI mice
displayed smaller Purkinje cell body size than WT and HGF-Tg mice. SCA7-KI/HGF-
Tg mice showed an attenuation of shrinkage of Purkinje cell bodies. PL, Purkinje
cell layer; ML, molecular layer. Bar, 30 wm. White arrowhead indicates degenera-
tive Purkinje cell changes. (B) Quantification of cell numbers with different Purkinje
cellular body size (>250; 150-250; <150 p.m?) of each group (n=3 per group). The
number of small cells (area are less than 150 wm?) in SCA7-K! mice is significantly
greater versus WT and HGF-Tg mice (**P<0.01, Fisher’s PLSD test), SCA7-KI/HGF-Tg
mice exhibit significantly fewer small cells compared to SCA7-KI mice (*P<0.05).
Error bars indicate S.E.M. (For interpretation of the references to color in this figure
caption, the reader is referred to the web version of the article.)

glutamate transporter in the cerebellum, is confined to Bergmann
glia and marked reductions in GLAST expression (and glutamate
uptake) have been observed in presymptomatic Gfa2-SCA7-92Q
mice (Custer et al., 2006). As c-Met is expressed in the Bergmann
glia of WT mice and is phosphorylated (i.e. activated) in Bergmann
glia in SCA7-KI/HGF-Tg mice (Figs. 1C and 2D), we next examined
whether HGF affects the morphology and function of Bergmann
glia. Immunostaining for GFAP revealed that obvious morphologi-
cal difference of Bergmann glia was not detected between WT mice
and SCA7-KI/HGF-Tg mice (Fig. 4A). We then examined whether
HGF modulates the down-regulation of GLAST levels in SCA7-KI
mice. Immunostaining for GLAST revealed that GLAST levels were
decreased in SCA7-KI mice compared to WT mice, while the levels
were generally maintained in SCA7-KI/HGF-Tg mice (Fig. 4B and
C). These findings demonstrate that HGF supports GLAST levels in
SCA7-KI mice. We then examined HGF regulation of GLT-1, another
glutamate transporter that is also abundant in the cerebellum, by
a similar mechanism. Immunostaining for GLT-1 revealed that the
levels of GLT-1 were markedly decreased in SCA7-KI mice com-
pared to WT mice, while the level was maintained or even increased
in SCA7-KI/HGF-Tg mice (Fig. 4D and E). These findings demon-
strate that HGF maintains or even increases the levels of GLT-1 in
SCA7-KI mice.

3.7. Overexpression of HGF improves rotarod performance in
SCA7-KI mice

Data obtained so far suggested that SCA7 could be improved
by HGF via the attenuation of Purkinje cellular degeneration and
reduction of glutamate transporters in Bergmann glia. Therefore,
we examined whether these improvements were reflected by
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Fig. 4. HGF maintains the levels of glutamate transporters (GLAST and GLT-1) in Bergmann glia in the cerebellum of SCA7-KI mice. (A) Immunohistochemistry for Bergmann
glia (GFAP, green) in the cerebellum in 10-week-old mice. No significant alterations were detected in the morphology of Bergmann glia. PL, Purkinje cell layer; ML, molecular
layer. Bar, 30 um. (B and C) Comparison of GLAST levels in 10-week-old mice. (B) Immunohistochemistry for GLAST in the cerebellum. GLAST staining is reduced in the
SCA7-KI mouse cerebelium and is significantly rescued in the SCA7-KI/HGF-Tg cerebellum. Bar, 30 m. (C) Quantification of fluorescent intensity (n=3 per group} of PL. Mean
GLAST signal intensity is significantly elevated in SCA7-KI/HGF-Tg cerebellum versus SCA7-KI cerebellum (*P<0.05, **P<0.01, Fisher’s PLSD test). Error bars indicate S.EM.
(D and E) Comparison of GLT-1 level at 10-week-old mice. (D) Immunohistochemistry for GLT-1 in the cerebellurn. GLT-1 staining is reduced in the cerebellum of SCA7-KI
mice, while significantly elevated in the cerebellum of SCA7-KI/HGF-Tg mice. Bar, 30 um. (E) Mean fluorescent intensity (n=3-per group) of PL. Mean GLT-1 signal intensity
is significantly elevated in the cerebellum of SCA7-KI/HGF-Tg mice (*P<0.05, **P<0.01, Fisher's PLSD test). Error bars indicate S.EM. (For interpretation of the references to

color in this figure caption, the reader is referred to the web version of the article.)
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Fig. 5. HGF improves coordinated motor behavior of SCA7-KI mice. Comparison of
motor coordination in 10-week-old WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg mice
using the rotarod test. SCA7-KI/HGF-Tg mice display improved rotarod performance
compared to SCA7-KI mice (n=8-12 per group; *P<0.05, **P<0.01, Student’s ¢ test).
Error bars indicate S.EM.

motor performance of WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg
mice. To examine the ability of an animal to balance on a rotating
rod, rotarod tests were applied on each animal at 10 weeks of age.
There was a marked reduction in the latency to fall in SCA7-KI mice
compared to WT and HGF-Tg mice. However, the latency to fall of
SCA7-KI/HGF-Tg mice was significantly longer than that of SCA7-KI
mice (Fig. 5), suggesting that overexpression of HGF contributes to
the amelioration of rotarod performance impairments in SCA7-KI
mice.

4. Discussion

In the present study, we examined whether overexpression of
HGF, a pleiotrophic growth factor with highly potent neurotrophic
activities, exhibits a beneficial function in SCA7-KI mice. By cross-
ing SCA7-KI mice with HGF-Tg mice that overexpress HGF under
the NSE promoter, four groups of mice (WT, HGF-Tg, SCA7-KI, and
SCA7-KI/HGF-Tg mice) were generated. The results indicate that
overexpression of HGF attenuates the degeneration of Purkinje
cells, maintains the levels of the glutamate transporters GLAST and
GLT-1in Bergmann glia and improves rotarod performance deficits
observed in SCA7-KI mice.

The molecular mechanisms responsible for these events have
not yet been clarified in detail. However, because HGF protein is
expressed and distributed in Purkinje cells and Bergmann glia in
SCA7-KI/HGF-Tg mice at much higher levels than in SCA7-KI mice,
and because the expression and phosphorylation (activation) of ¢-
Met was observed at much higher levels in both the Purkinje cells
and Bergmann glia of SCA7-KI/HGF-Tg mice, it seems likely that
HGF functions directly on Purkinje cells as well as Bergmann glia. If
there is a direct interaction, the ability of HGF to function not only
on Purkinje cells but also on Bergmann glia might represent a ther-
apeutic opportunity for attenuating the degeneration of Purkinje
cells, since recent genetic approaches suggest that an important
mutual interaction of Purkinje cells and Bergmann glia in SCA7
might, at least in part, be involved in the degeneration of these cells
in this disease (Custer et al,, 2006; Furrer et al., 2011). Furthermore,
Bergmann glia are also shown to secrete neurotrophic factors that
support Purkinje cells (Mount et al,, 1995).

Purkinje cells are integrated into a complex neural network and
receive glutamatergic input from axons projecting from the infe-
rior olive and cerebellar granule cells. Hence, in addition to Purkinje
cells and Bergmann glia, which we focused on the present study,
other cells and their neural networks in the cerebellum may also
play arolein the pathogenesis of disease models of SCA7 and related

401 Q2 diseases (Gatchel et al, 2007; Furrer et al, 2011). For example,

transcriptional down-regulation of insulin-like growth factor bind-
ing protein 5 (igfbp5) in cerebellar granule cells is proposed to be
involved in non-cell-autonomous degeneration of Purkinje cells in
SCA7-KI mice (Gatchel et al., 2007). It has not yet been determined
whether HGF could alleviate reduction of igfbp5, and this possi-
bility is worth examining in a future study. Given that HGF elicits
neurotrophic activity on cerebellar granular cells both in vitro and
in vivo (Zhang et al., 2000; leraci et al., 2002), we cannot exclude
the possibility that HGF functions on granular cells and alleviates
the down-regulation of igfbp5. Therefore, HGF may also contribute
to attenuation of Purkinje cell degeneration via cerebellar granular
cells.

It has not yet been determined whether HGF alleviates the
degeneration of the retina, the other region associated with phe-
notypic changes appearing in SCA7-KI mice. HGF and c-Met are
expressed in various populations of rat retinal neurons during
development as well as in the adult, and neuroprotective effects
of HGF on rat retinal photoreceptors have been reported (Machida
etal., 2004; Ohtakaet al., 2006; Shibukietal., 2002; Sun etal., 1899).

The rotarod test is used to analyze motor phenotype, in the
aspect of motor balance and/or its coordination (Carter et al., 2001;
Custer et al., 2006). Hence, the ability of HGF to improve rotarod
performance raises the potential utility of HGF for the improvement
of motor impairment of affected individuals. However, further
experiments are required to address the relationship between the
outcome of rotarod tests in the present study and the clinical ataxic
phenotype of SCA7.

Cvetanovic et al. (2011) recently reported that genetic over-
expression or pharmacologic infusion of recombinant vascular
endothelial growth factor (VEGF) ameliorates the ataxic phenotype
and degeneration of Purkinje cells in a mouse model of another
type of spinocerebellar ataxia, spinocerebellar ataxia type 1 (SCA1).
Given that HGF promotes angiogenesis in a variety of disease mod-
els (Funakoshi and Nakamura, 2003, 2011) and that c-Met is not
only expressed in Purkinje cells and Bergmann glia but also in
other types of cells including vascular cells and neural progenitor
populations in WT mice (Funakoshi and Nakamura, 2011; Noma
et al., unpublished results), it would be interesting to know how
HGF plays a role in SCAT-model mice and whether HGF promotes
angiogenesis and neurogenesis in SCA7-KI mice. It should be noted
that exercise produces beneficial effects in alleviating SCA1 symp-
toms in mice (Fryer et al., 2011). Exercise is known to promote
HGF production in some patients (Yasuda et al., 2004) and that HGF
improves the phenotype of SCA7-KI as shown in the present study.
Hence, it would also be interesting to examine whether exercise
plays a role in the attenuation of the progression of the course of
SCA7-KI pathology and if HGF is involved in the process.

In summary, the present study provided the first evidence that
overexpression of HGF is beneficial for attenuating the degenera-
tion of both Purkinje cells and Bergmann glia. Considered with the
notion that intrathecal injection of recombinant human HGF pro-
tein has been shown to be effective in several disease models, such
as a transgenic rat model of ALS (Ishigaki et al.,, 2007) and a primate
model of spinal cord injury (Kitamura et al,, 2011), our findings may
raise the possibility of a therapeutic use of HGF in SCA7 and related
disorders.
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Among herpesviruses, y-herpesviruses are supposed to have typical oncogenic activities. Two human y-herpesviruses, Epstein-
Barr virus (EBV) and Kaposi’s sarcoma-associated herpesvirus (KSHV), are putative etiologic agents for Burkitt lymphoma,
nasopharyngeal carcinoma, and some cases of gastric cancers, and Kaposi’s sarcoma, multicentric Castleman’s disease, and primary
effusion lymphoma (PEL) especially in AIDS setting for the latter case, respectively. Since such two viruses mentioned above are
highly species specific, it has been quite difficult 1o prove their oncogenic activities in animal models. Nevertheless, the viral
oncogenesis is epidemiologically and/or in vitro experimentally evident. This time, we investigated gene expression profiles of
KSHV-oriented lymphoma cell lines, EBV-oriented lymphoma cell lines, and T-cell leukemia cell lines. Both KSHV and EBV cause
a B-cell-originated lymphoma, but the gene expression profiles were typically classified. Furthermore, KSHV could govern gene

expression profiles, although PELs are usually coinfected with KSHV and EBV.

1. Introduction

Several viruses could induce cancers in human beings. For
examples, some papilloma viruses (PVs) should be etiologic
agents for cervical cancers [1], hepatitis B virus (HBV) [2]
and hepatitis C virus (HCV) [3] for hepatocellular carcino-
mas, human T-lymphotropic virus 1 (HTLV-1) for adult T-
cell leukemia (ATL) (4], Epstein-Barr virus (EBV) for Burkitt
lymphomas, nasopharyngeal carcinomas (NPCs), and some
of gastric carcinomas [5, 6], and Kaposi’s sarcoma-associated
virus (KSHV) for Kaposi’s sarcoma [7], primary effusion
lymphomas (PELs), and multicentric Castleman’s disease [8—
13]. Recently, a newly identified polyomavirus, Merkel cell
polyomavirus, is nominated as an etiologic agent for Merkel
cell carcinoma {14]. These viruses have too narrow host ran-
ges to meet Koch’s principles, and, therefore, there are a Jot of
augments about it. Nevertheless, causation between the viral
infection and the related cancer formation could be evident
epidemiologically and in vitro experimentally.

Chronic inflammation caused by these viruses should be
important factors, but it is not forgettable to keep in our

minds that such inflammation itself is primarily caused by
the viral infection [17]. Except for HCV and HTLV-1, these
oncogenic viruses are usually DNA viruses and establish
persistent or latent infection [18, 19]. Of course, HCV also
establishes persistent infection in the infected hepatocytes
[3]. Parts of some viral genomes in case of DNA viruses are
integrated into host genomes, even though the process is not
included in the life cycles. Integration could play roles for
oncogenesis as shown for retroviral oncogenesis, and; thus,
integration of viral genomes leads to promoter insertion
mechanism to activate putative cellular oncogenes and host
genome fragility [20]. If viral oncogenes are integrated and
expressed, the effect should be more direct.

y-herpesviruses such as EBV and KSHV are DNA viruses
and do not have the genome integration process in their life
cycles and just present as episomes in the infected nuclei for
lives after establishing latent infection, since their genomes
replicate and are partitioned according to the host cell cycles
by utilizing host cellular replication machinery (6, 9]. Thus,
the genomes act as complete extra genomes.
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KSHV was found in Kaposi’s sarcoma tissues with
representational difference analysis (RDA) as the eighth
human herpesvirus by Chang et al. [21]. The sequence
analysis revealed that this virus is not a member of y1
or lymphocryptoviruses, which includes EBV, but y2 or
rhadinoviruses, whose prototype is Herpesvirus saimiri [22].
Extensive studies about the relationship between the virus
infection and the diseases have shown that this virus is a
causative agent for Kaposi’s sarcoma [7], primary effusion
lymphomas (PELs), and multicentric Castleman’s disease
[8], most of which happen in acquired immunodeficiency
syndrome setting [23]. As for KS, KSHV is usually present
in all types of KS: classical, iatrogenic, and African endemic
KS and human immunodeficiency virus-1 negative gay men
with KS [24]. Thus, it is doubtless that KSHV is an etiologic
agent for KS and two lymphoproliferative diseases such as
PEL and MCD as various kinds of y-herpesviruses are related
to some cancer formation [19].

KSHYV has two life cycles: lytic infection/reactivation and
latent infection as known for all herpesviruses. Among eight
human herpesviruses, only EBV and KSHV establish latency
in vitro especially Burkitt lymphoma [25] cell lines and PEL
cell lines, respectively. In the latency, the viruses express a
limited number of genes and replicate according to host cell
cycle. The replicated genomes are partitioned into daughter
cells, and; thus, the same copy number of the viral episomes
is maintained, though details of the mechanism remain to be
elucidated [26].

In case of KSHYV, the viral latency seems to be very
important for the maintenance of PEL, since the loss of the
viral episomes leads to PEL cell death. Furthermore, EBV and
KSHYV usually coinfected in PEL but EBV is frequently lost
while establishing PEL cell lines [27]. It has been unable for
us to find out or establish subclones of KSHV-negative PEL
cell lines from the parental lines [28]. In contrast, an EBV-
lost BL cell line has been established [29].

Recently, we investigated gene expression profiles of

several PEL cell lines [30] TY1 [31], BCBL1 [32], and its -

derivative D90 [28], BC3 [27], BC1 [33], in order to know
the characteristic gene expression to maintain the PEL cells,
comparing with those of BL lines: Ramos, Daudi, BJAB, Raji,
and Akata [34]. And including T-cell-originated lymphoma
cell lines: Jurkat, Molt3, SupT1 and MT4, we tried to know
common features leading to lymphoma formation. Among
PEL cell lines, only BC1 is coinfected with KSHV and EBV.
BL cell lines are usually infected with EBV except Ramos
and BJAB in the lineups this time. MT4 contains integrated
humap T-cell leukemia virus 1 (HTLV-1) genomes. Typically,
the gene expression profiles were classified into either B-
cell-originated or T-cell-originated pattern. And KSHYV-
associated PEL and usually EBV-associated BL showed
typical gene expression profiles, respectively. Even though
there was only one PEL cell line infected both with KSHV
and EBY, its gene expression profile was classified as a
KSHYV pattern, suggesting that KSHV might make stronger
influence on gene expression in the infected cells. In this
paper, we would like to discuss and review about gene
expression profiles of KSHV-associated B-cell lymphoma or
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lymphoma-like disease, while mining new data from our
DNA array analysis or comparing ours to the others.

2. Gene Expression Profiles of
KSHV-Related Tumors

As mentioned above, there are three definite diseases caused
by KSHV. They are KS, PEL, and MCD. Especially in AIDS
setting, KSHV has a very tight link with these diseases, and
that is the virulence of KSHV emerges under the condition.
It seems to be meaningful to know gene expression profiles of
tumors, since such gives us information about origin of tu-
mor cells, mechanism of tumorigenesis, designs of treatment,
and so on. And thus; several reports have been published
[25].

2.1. Kaposi’s Sarcoma. The cellular origin of the spindle cells
of KSis poorly defined and could be originated from vascular
endothelial cells and various kinds of cytokines, chemokines,
and growth factors are expressed {35, 36]. A recent report has
shown. that KSHV reprograms transcription profiles from
angiogenic to lymphatic ones by inducing PROXI, a master
regulator of lymphatic development and downregulation of
blood vascular genes, in infected human dermal microvas-
cular endothelial cells (HDMECs) [37, 38]. KSHV induces
LYVE-1, reelin, follistatin, and desmoplakin as well as
PROX1. These findings suggest that KSHV infection should
induce a comprehensive reprogramming of blood vascular
endothelial cells (BECs) to adopt a lymphatic endothelial
cells (LECs). In the tissues of KS, a kind of cytokine and
interleukin-6 (IL-6), basic fibroblast growth factor (bFGEF),
tumor necrosis factor-a (TNE-a), oncostatin M, interferon-
y (IEN-y), and so on storm happens. In in vitro KSHV
infection study; however, IL-6, oncostatin M, TNF-«, and
1FN-y inductions were not induced. In contrast, tumor
growth factor $1/f3 and TGFb R2, CCL5 [39], CCL8 (MCP-
2) and CCRS5, and angiopoietin-2 (ang-2) were induced.
Though such differences might be dependent on differences
from environment for preparation of samples, some factors
could be synthesized and secreted from the other kinds
of cell type, because KS is actually a mixture of various
kinds of tissues [35]. KS is basically latently infected with
KSHY, and, thus usually does not express KSHV lytic genes
[40]. Tt is, however, possible that lytic cycle is turned on
especially just upon the infection and some lytic genes such
as viral IL-6 (vIL-6), viral chemokines (vMIP-1, vMIP-II, and
vMIP-III), possible oncogenic genes, such as K1, viral G-
protein-coupled receptor (vGPCR) are expressed transiently
and make an effect on various kinds of cellular gene
expression {37]. Though details about mechanism remain
to be understood, replication and transcription activator
(RTA), a viral immediate early gene and a key inducer of viral
Iytic replication, must be expressed for lytic replication cycle.
RTA is an extremely strong transactivator and functions both
in a sequence-specific and a nonspecific manner. RTA could
induce critical cellular gene expression and make a direction
to KS formation [41, 42].
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2.2. Multicentric Castleman’s Disease. KSHV causes two B-
cell-originated lymphoproliferative diseases: MCD and PEL
[16]. MCD is.a polyclonal and a kind of reactive lymphopro-
liferative disorder characterized by KSHV-infected mono-
typic cytoplasmic IgM-A-expressing plasmablasts residing
primarily in the mantle zone, dissolution of the follicles, and
prominent interfollicular vascular profiferation [7]. MCD
cells resemble mature B cells, as they express the preplasma
cell markers, IRF4 and BLIMP1, the memory B-cell marker
CD27, OCT2, and Ki67, though they are negative for certain
B-cell-associated marker such as Pax5, CD20, CD30, and
CD138 (syndecan-1) [43]. MCD plasmablasts are reported
not to show somatic hypermutation in their rearranged
IgV genes [7]. KSHV might preferentially target IgM-A-
expressing native B cells and differentiate into plasmablasts
bypassing the GC reaction, although not all MCDs are
infected with KSHV. In MCD, EBV is rarely coinfected [44].
It seems quite an interesting story, since both of viruses can
infect a B-cell lineage and EBV usually disseminates more
than 90% human beings and probably preexist in B cells
before KSHV enters. It is unclear and should be elucidated
whether MCD does not emerge in the presence of EBV, or
development of MCD excludes EBV from the cells.

Ithas not been successful to observe lymphoproliferation
in vitro by infecting KSHV with peripheral blood mononu-
clear cells as shown for EBV, though KSHV infects CD19*B
cells and establishes latency therein {32, 45]. From a point
of view of gene expression profiles, high level interleukin 6
(IL-6) expression is a well-known fact in MCD and should
do something in MCD pathogenesis [46]. B-cell markers,
CD20 and the memory B-cell marker CD27 are usually
expressed, but B-cell activation markers such as CD23, CD38
and CD30 are not [43]. KSHV gene expression profiles are
different from those in KS and PEL. It was reported that
viral lytic genes, vIRE-1 and vIL-6, and ORF59 (a polymerase
processivity factor, PF8) as well as a latent gene, LANA, were
expressed, suggesting that not a few cells in MCD are in the
Iytic phase [47].

2.3. Primary Effusion Lymphoma (PEL). PEL is a distinct
subtype of non-Hodgkin’s lymphoma associated with KSHV
as mentioned. PEL most commonly presents with pleural,
peritoneal, or pericardial malignant effusions without a
contiguous tumor mass [16]. In contrast to MCD, PEL is
usually coinfected with EBV in vivo, and; therefore, EBV
could be involved in the onset of tumor formation. It could
be likely that PEL with or without EBV is different from
origin of B-cell differentiation state [48]. KSHV, however,
is never lost when PEL is introduced into cell culture
maintenance in vitro, even if EBV frequently is lost from PEL
cell lines. Thus, thereis a strong linkage between the existence
of KSHV and the maintenance of PEL cell lines in vitro. PEL
is thought to be originated from post-GC plasmablastic cells
[49]. Both PEL and MCD have a plasmablastic phenotype
but should be different in the terms whether they are post-
GC or bypass-GC reaction, respectively, [50].

EBV is another human oncogenic y-herpesvirus, a puta-
tive causative agent of BL, NPC, some gastric carcinoma, NK

lymphoma, and so on [6]. BL is also originated from GC
B-cell and known for MYC-IgH or MYC-IgL rearrange-
ment [15, 51]. Study on gene expression profiles using
in vitro infection systems showed that cyclin-dependent
kinase inhibitor 1 (CDKN1A; CIP1/WAF1; p21, U09579),
interleukin-15 receptor « subunit precursor (U31628),
interferon-induced 56-kd protein (IFI-56 K, X31628), and
protein-tyrosine phosphatase 1C (PTP1C) SHP1 (X62055)
and HLA class II histocompatibility antigen « chain
(K01171) and HLA-DR antigen-associated invariant sub-
unit (X00497) were prominently induced by the factor of
ten or more [52]. High-mobility group protein (HMG-
1, M23619), proliferating cyclic nuclear antigen (PCNA,
M15796), endonuclease III homologI (U79718), poly(ADP-
ribose) polymerase (PARP; PPOL, M18112), erythroblas-
tosis virus oncogene homologl (ETS-1, J04101), p-GAP
hematopoietic protein Cl (RGC1, X78817), and c-mvyc
(V00568) were remarkably reduced by the factor of five to
eight hundred [52]. In this paper, EBV was infected with
EBV-negative BL cell lines. The infected cells showed latency
III phenotype, which is corresponding to lymphoblastoid
cell lines (LCLs) established by EBV infection to PBMC
in vitro. Most of BL, however, show latency I phenotype,
and thus; this experiment model reflects LCL rather than
BL [6]. Another report also utilized an EBV-depleted BL
cell line, EBV~ Akata [53]. EBV~ Akata and EBV' Akata
were stimulated with IgG crosslinking, and lytic replication
was induced. They analyzed cellular gene expression as
well as viral gene expression. In this case, data did not
reflect effects of EBV on BL, since this was just lytic
replication/reactivation process, and almost all viral genes
were expressed, which presumably took a substantial effect
on cellular gene expression.

We recently investigated gene expression profiles of PEL
cell lines, comparing with those of the other uniquely
categorized cell lines, one of which was BL cell lines with
or without EBV infection and another of which was T-cell
leukemia cell lines (TCLs) [30]. All PEL cell lines are infected
with KSHYV, and one of them, BC1, is coinfected with KSHV
and EBV. BL cell lines are usually infected with EBV, but
Ramos and BJAB are not infected with EBV. TCL cell lines
are heterogeneous. Jurkat was established from an acute T-
cell leukemia, and Molt-3 and SupT1 were from a respective
T-lymphoblastic leukemia, and MT4 was from an adult T-
cell leukemia. Thus, differentiation status may be different
among lines.

Our obtained results were that three kinds of lines
were typically classified into respective groups. Although
the results might reflect just differentiation status of these
cell lines, KSHV would never be lost from the PEL cell
lines and BC1 coinfected with KSHV, and EBV was clas-
sified into the PEL cell category, suggesting that KSHV
should be more dominant in gene expression control
Among about thirty thousand genes analyzed this time,
we could extract sixty-three genes typically higher in BL
cell lines and also sixty genes predominantly higher in
PEL cell lines. For example, CD79A (NM_001738) and B
(NM_000626), which are components of B-cell receptor
and contain cytoplasmic immunoreceptor tyrosine-based
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FIGURE 2: Genes characteristic in MCD are picked up. In MCD, Igk, PAXS5, BCL6, CD138 are usually not expressed [16]. On the other
hand, IgA, OCT2, IFR4/MUMI1, PRDMI1/BLINPI, and Ki67 are expressed [16]. Data are shown as log; values with standard deviation.
Characterization among PEL, BL, and TCL is shown in Table 2.
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FicURE 3: Highly expressing genes all in PEL, BL, and TCL are picked up. Data are shown as log, values with standard deviation. Data are
shown as log, values with standard deviation. Detailed mean value of each gene is shown in Table 3.

activation motifs were highly expressed in BL without
doubt. Accordingly, BCR downstream signaling 1 (BRDGI,
NM_012108) was also higher in BL cell lines. A mature
B cell-marker, CD22 (NM_001771), was characteristically
expressed in BL not in PEL. Among very highly expressing
genes in PEL, we found methyl CpG-binding domain protein
(MBD1, NM_015845), interleukin 2 receptor beta (IL2RB,
NM_000878), and angiopoietin 1 (ANGPT1, NM_001146).
Such gene expression in PEL might suggest cellular environ-
ment and pathophysiologic status in the patient bodies under
immunosuppression due to AIDS established by human
immunodeficiency virus 1 (HIV-1) and KSHV infection.
Focused on p21CPYWAFL (NM_000389), TL15 receptor
o (NM_002189) and HLA-DR (HLA-DRA, NM_019111;
HLA-DRB3, AF192259), which are reported to increase by
EBV infection, this gene expression was indeed higher in
B cell originated PEL and BL with a few exceptions in our

aha]ysis (Figure 1, Table 1). PCNA, ETS (L16464), and MYC
(NM_005378) were relatively higher in TCL again with sev-
eral exceptions, though MYC-Ig rearrangement was a feature
of BL.

Paying attention to genes characteristic to MCD, a
naive B-cell marker: surface Ig lambda (XM.066332), B-cell
specific markers: PAX 5 (NM_016734), Oct2 (XM_068123),
and a GC B-cell marker: BCL6 (NM_001706) were higher
in BL cell lines and preplasma cell markers; IRF4/MUM]I
(NM_002460) and PRDM1/BLIMP1 (NM_001198) are def-
initely higher in PEL cells, assuring that BL should be
derived from GC B cell and PEL from post-GC plas-
mablasts (Figure 2, Table 2). Plasma cell marker, CD138
(NM.002997), was also higher in PEL. Memory B-cell
markers, Oct2 and Ki67 (NM_002417) expression, were not
so different among three types of cell lines. Collectively,
decisive differences between PEL and BL are low CD138 in
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TABLE 3

Naine ID TYl BCBL1 D90 BC3 BCI  Jurkat Molt3 SupTi MT4 Ramos Daudi BJAB Raji  Akata Normal Normal

PBMCI PBMC2
cDNATFLJ10476  AKO01338  1.3263 07676 1.3801 1.7984 1.5367 1.5343 1.882 2.1362 1.4682 24062 27347 3.1228 17163 2098 —0.1203 0.3065
cDNA: FLJ22848  AK026501  0.7782 0.6786 0.6153 0.6563 1.0736 1.2594 1.3044 1.8615 2.0176 15196 15458 2.0081 17023 08386 04045 0.4004
Eg’(‘;fgég?lp”‘m“‘ NM_00I0I0O  0.9017 09334 1.0244 0.6479 1.3239 1.6572 0.6572 1.8411 23493 22682 21999 2.2522 1.3873 1.6164 —0.0182 0.1647
WD repeat and
SOCS :
box-containing I ~ NM.015626  1.3127 1.5445 2.3089 1.1516 25711 0.6377 10981 19078 4.5103 15161 17749 3.7406 1.2755 24918 0359 0.4896
(WSB1), transcript
variant |
Matrin 3 (MATR3) NM_018834  1.1246 0968 1.9522 1.5564 1.9376 1.2933 1.5574 2.0226 1.4332 2.3825 23212 2.5539 1.8178 2.0884 0 0
(Ellilicmrmu) XM.067332 17184 1.391 2.8614 1.4346 2.1936 20576 2.0501 21184 1.813 19541 1.9471 23651 2.1104 1.6868 0 1121
Similar to olfactory
receptor XM_372502  1.6318 1.9947 25101 1.6554 2706 1.5783 1.5849 23774 2.1667 1.8178 2711 1.7203 1.8556 2.0178 0 0.603
MOR239-6
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TaBLE 4

Name 1D TY!I  BCBLI D90 BC3 BClI  Jurkat Molt3 SupTl MT4 Ramos Daudi BJAB Raji  Akata Normal Normal

PBMCI PBMC2
cDNATLJ20118  AKO00125 — —2.3823 —1.9072 —1.9797 —1.8911 ~2.6889 O  —2.1411 —3.2798 —2.5236 —2.1555 —2.0963 —2.7591 —1.9995 —3.0018 0 0
CDNATLJ12884  AK022946  -2.8453 -2.4261 0 2737 —2.4877 ~2.3244 ~0.8999 - 10235 ~1.4208 -2.4356 -3.054 -3.0835 -2.7217 ~2.5435 0 0
¢DNAFLJ13038  AK023100  —2.9994 —2.4772 ~3.0186 —3.3026 —2.7287 —3.3596 —0.9996 —0.183 -2.7834 —2.658 —2.4415 —2.4291 —2.2883 —2.1052 0.3132 0.1399
cDNAFLJ13209  AK023271  —2.9254 —3.6178 —3.8287 ~3.3465 —2.8999 —23812 —4.33 -2.8324 ~3.6977 —3.658 -3.481 —3.5892 ~3.4616 -3.7744 0  —0.5065
cDNAFLJ14567  AK027473  ~3.3823 ~3.6178 -2.7058 ~1.8379 -3.0182 13668 -2.0374 22945 -1.1757 -3.073 -2.6242 -3.8415 --3.3207 -2.4208 0  ~1.7585
cDNAFLJ31353  AK055915  ~3.5001 ~4.7198 —4.1118 —3.7967 ~3.6791 —2.7417 —3.8866 —2.9092 -4.0524 —3.0009 —2.66 -2.2996 —1.3509 —4.1115 —0.3823 —0.1246
cDNAFLJ37955 AK095274  ~1.2998 —0.1113 —1.5633 —1.317 ~0.7984 —2.5666 —1.8192 ~1.5649 —0.9224 —1.412 —~2.5134 —2.0463 —2.5324 ~1.4445 0 0
Odz3 AK125869  -2.0213 --2.4624 - 1.4756 -1.3957 0  -29199 ~25731 0  -2.6255 -2.2639 ~2.4891 -2.0586 -2.4616 -2.5606 0 - 1.0642
COL1A2 NM_000089_(2) ~-3.44 —3.3222 —4.0878 —~4.1915 —2.749 ~-3.696 —3.9297 0  —3.7933 —3.1489 —3.2724 —3.3744 —3.2883 —3.7349 0 0
(Cg;‘;:‘)“ NM_000099  ~2.4327 —4.907 —6.1118 —1.2356 —-5.4965 —2.5502 ~3.4042 34663 —1.4284 ~5.6953 ~G6.1657 ~2.9177 —5.7681 ~5.5523 0.8547 1.1031
HBG2 NM.000184  —3.0213 —3.5694 —5.6968 —4.589 -3.1337 —4.9735 —58868 —4.6997 ~5.983 —4.989 50186 -4.4372 —6.0162 ~5.7744 2.1347 0.3396
LYZ NM_000239  ~5.6627 —5.492 —6.0191 ~3.9692 ~5.5666 ~6.0181 —~5.1158 53856 —5.3393 ~5.8556 —4.8031 —4.7591 —5.3724 ~4.9903 3.8701 4.0167
Serine (or B )
;{Z‘fgﬁg& NM_000295  —5.2996 —1.4884 —4.5925 ~5.7768 —~5.245 —59302 —6.0676 —5.5169 ~5.8128 —54198 ~5973 —5.8415 —5.7681 —5.5523 —1.0957 —1.0244
inhibitor
Interleukin 8 . o o .
(IL8) NM_000584  ~3.066 ~2.2442 ~ 17518 ~3.2322 ~2.2886 ~19093 ~1.5561 ~2.3167 ~1.0642 ~0.786 ~2.1655 ~2.3976 ~1.9719 ~0.8359 0.2761 10034
Interleukin 8 ' ﬁ a ¢
(1L8) NM.000584_(2) —4.5312 ~3.1113 ~3.6435 ~2.4952 ~3.6218 ~3.7141 ~3.7453 —2.7393 ~2.7447 —~4.3286 —4.4183 ~2.8521 —3.5085 —3.4525 0.6967 1.5545
ANXAI NM_000700  —1.6884 —2.7462 —5.7704 —4.139 -2.1007 —5.5584 —1.2667 —0.7569 —1.2654 ~5.1886 —5.8851 —5.7587 —5.6238 —5.3593 —0.1914 —0.0244
TNFRSFIB NM._001066 -0.0646 0.4257 -0.2587 1.098 0.1654 0.2687 0.0731 01623 0208 -—0.3584 ~0.6991 0.0238 0.6067 -0.1162 2.0232 2.1586
ANPEP NM.001150  ~2.4773 —1.7507 ~2.6092 ~2.7866 —2.7593 —3.0066 —3.0552 —2.458 —2.3106 —~1.6907 —2.3004 —2.5452 —2.1459 —2.0679 0.5172 0.5893
APOCI NM_001645 —3.6284 —~3.538 —2.7898 —3.554 -3.8226 —3.9735 —4.6522 —3.2088 ~3.1376 —3.814 —4.0902 —3.9982 —3.6943 —4.0374 0 0
CRYAB NM_001885  —1.994 23767 —2.7519 —2.8275 ~1.1204 —1.4943 —2.7645 ~1347 -1.245 -1.2816 —2.2518 ~1.4818 —2.3089 —1.4287 0 0
GZMK NM_002104  ~3.7509 —1.7642 ~3.2504 -2.8275 —3.0557 ~3.9954 ~3.6702 —3.6613 —2.8032 —2.2499 —3.3004 —2.2636 —2.2547 —2.2233 0.5673 0.6936
JUN NM_002228  —2.2409 —2.7734 —3.1238 —0.3842 ~1.8718 ~0.968 —0.4387 —0.1644 ~0.0479 —0.1719 —4.1148 —2.9517 —2.454 —-37744 15962 0.4284
CD73 (NTSE)  NM.002526  ~3.5469 —3.5694 ~2.9525 ~2.1262 ~4.3968 ~2.9955 ~3.0552 ~3.4173 ~3.0405 -4.162 ~3.53 -2.5027 ~3.4164 —3.0495 0 0
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TasrLg 4: Continued.

Name 1D TYlT BCBL1 D90 BC3 BCl  Jurkat Molt3 SupTl MT4 Ramos Daudi BJAB Raji ~ Akata Normal Normal
PBMC1 PBMC2
PLAU NM_002658 ~1.32 —1.3256 ~1.0046 -1.9922 0 -1.7095 -2.8448 0 0 -1.564 -2.6154 --2.3216 --2.005 —2.4366 0 0
CClL4 NM_002984  -4.0775 —3.0884 —-3.2772 —3.6609 --3.8663 —~4.0179 -4.2461 —3.7799 ~3.2966 -3.8773 -3.1025 -3.0341 --0.0679 ~2.7947 —0.2159 0.5398
ADAMI12 NM_o003474  --3.2734 -2.4118 —2.4872 ~3.9021 ~3.1744 -2.7141 -2.8448 —4.1018 —~1.7494 -1.4316 -2.245 -2.8415 —2.3438 -1.2267 0 0
C8T7 NM_003650  —4.8452 —3.9896 ~4.0644 ~4.9018 —4.4624 —2.9199 —2.9627 —3.2088 -3.7163 --3.0126 —3.7061 —3.8629 —-3.59 -3.1371 —0.4589 —0.3123
Transmembrane
proteinwith  NM_003692.(2) ~-2.671 -2.4047 0  —2.7765 —2.8225 —0.806 —1.1992 -1.3585 ~2.3392 -2.3888 -2.642 ~2.2147 0.3012 -2.8359 0 0
LEGF-like
SEMASA NM_003966  —-2.8649 —1.8483 0 ~2.4386 —2.8885 —2.9304 ~3.0552 ~2.5429 ~1.7116 -0.949 -2,1785 --2.5281 —-1.9556 —1.4326 0 0
GNG11 NM_004126  —4.0104 —3.4189 -4.3748 —3.2049 —4.0558 -3.696 —-3.9517 —4.0512 —3.2966 ~-4.0608 —-3.9956 —2.2285 —3.0276 ~3.535 0.048 0.2964
GZMB NM_004131 —2.8163 --2.7373 —3.1483 —2.4788 --2.5577 —-2.6085 ~2.9627 ~3.141 -2.1376 -2.5947 —3.4031 --3.0585 —2.8869 —2.5097 ~0.3744 0.161
CSPG2 NM_004385  ~2.8949 ~2.3492 —3.3043 —2.6702 —-3.2887 —3.3739 -3.4663 —-3.6804 —1.2017 -3.0009 —3.4493 —2.8846 —2.8665 —3.4849 2.5309 2.5699
DUSP1 NM_004417 -2.0379 —0.9817 —1.9471 —1.6749 —-1.8718 —1.5061 —0.9489 —1.1083 -0.0928 -0.8586 —2.0841 —0.4291 —1.1583 —-1.8891 3.5758 3.3222
HRG-gamma NM._004495  —3.0435 -2.7642 —3.5591 -3.3918 —3.365 -3.0066 —3.6702 ~3.2088 ~2.5484 -2.8349 -3.1273 —2.8415 —3.5733 -2.6315 0 0
PARG1 NM_004815 -3.579 -2.8197 -3.3321 -3.4545 A—'3_6218 —-2.678 —-2.6794 -3.0388 —-3.2966 ~2.0305 —-3.9068 ~3.4694 —3.1961 --2.4445 —1.0763 0
MYCN NM_005378 27601 —3.6677 —3.7899 --2.5286 -2.7087 —2.7141 --3.2058 —2.4416 -2.1501 -3.3287 -3.329 -3.0585 —3.7126 --3.0375 0 —1.8303
S100A11 NM.005620  --0.7903 —1.5457 —0.8165 ~0.6245 -3.1072 -6.1108 -3.2326 15212 —-0.8772 —4.9434 --5.8851 —4.0462 —~5.5571 -5.0866 —0.621 --0.388
S100A12 NM_005621  --1.8649 --2.5536 --2.3462 -3.3918 --2.2447 --1.863 ~2.6611 --3.1148 —-1.8131 -1.5468 —~2.0481 ~2.8415 -2.4389 --1.9388 3.5746 3.8939
SH3BP4 NM_014521  —2.0548 --2.5457 --2.7802 —3.2185 —1.8551 -2.374 —-2.9853 -2.6997 —-2.8641 -2.6396 —3.1149 —2.7391 —2.5244 -2.7546 0 0
SAMHDI1 NM_015474  —1.7555 —-2.2633 -2.2307 —2.1326 —2.3417 -3.9735 —4.2737 -3.4173 -2.4362 -1.7002 0468 -2.6528 -1.6283 —0.3059 1.9357 2.0445
RAIL4 NM_015577  —-3.1478 -3.5225 --3.1857 -3.1135 --2.6889 0 -3.9079 --2.8007 -1.417 -1.3361 -2.9729 -3.5367 —2.7684 —3.9443 0 0
SH2D4A NM_022071  ~-2.0049 -0.9299 —0.4187 —2.8589 —-1.6987 -2.111 -23374 --1.8217 —1.4284 -0.7936 —-1.9068 —2.0161 —1.4771 ~1.5014 0 0
MATNZ,
transcript NM_030583  —1.8949 —-2.8873 —2.4563 —-2.5976 —2.531 -3.1598 —2.5561 —2.2653 --2.4517 —2.2923 —3.1528 -2.5195 —-2.4616 —3.4849 0 0
variant 2
PTPNS1 NM_080792 ~2.8748 ~1.5575 ~3.6787 -2.5118 ~2.9697 ~1.5791 ~2.4194 20954 —1.8081 -2.4922 266 -2.0834 24771 -2.0926 0.6197 0.1952
Similar to TCR
delta chain XM_058650  --3.1358 -2.0828 --5.0413 -3.2459 -3.0684 --2.9199 --2.7452 -2.9903 --2.3832 -~0.412 -2.803 -2.6161 --2.3368 --0.9728 1.3643 1.7152
(LOC122700)
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PEL and high in BL, very low BCL6 in PEL, and very high
in BL (Figure 2, Table 2). In addition, very strong expression
of IRF4/MUM1 in PEL was characteristic, compared to the
other cell lines.

If there are common genes in all tumor cell lines analyzed
this time, such genes could be generally required for their
establishment and/or maintenance. Thus, we mined the
data in such point of view and found a couple of genes
were commonly overexpressed compared to normal PBMC
(Figure 3, Table 3). It is interesting that these include genes
involved in signaling. However, since most of genes are not
known well for their function, it remains to be clarified what
they do and how important they are.

In the same way, we also mined the data to find less
expression in all types of cell line (Table 4), which might
give disadvantage to cancer formation and/or maintenance.
Actually, we found fifty or so of such genes, most of them are
functionally unknown, and detailed analyses will be required
in near future (data not shown).

3. Conclusions

Studying gene expression profiles gives us various kinds of
information. The analysis especially in cancer will lead to
understanding how cancers are generated and maintained
and to design what to do in order to suppress cancer growth.
It is, however, just screening, and we have much work to do
for this aim.
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We analyzed the gene expression profiles of lymphocyte-originated tumor cell lines — primary effusion
lymphoma (PEL) cell lines, T-cell leukemia (TCL) cell lines, Burkitt lymphoma (BL) cell lines - and two sets
of normal peripheral blood mononuclear -cells (PBMCs) - in order to determine characteristic gene
expression profiles for each of the former three groups. And we found that these cell lines showed respec-
tive typical gene expression profiles and classified into clear four groups, PEL, TCL, BL, and normal PBMCs.
Two B lymphocyte-originated tumor cell lines, PEL and BL cell lines, clearly exhibited distinct gene
expression profiles, respectively. Even though there was only one line that was co-infected with both
Kaposi's sarcoma-associated herpesvirus (KSHV) and Epstein-Barr virus (EBV), KSHV seemed to govern
the gene expression profile of the co-infected line. These data suggested not only that established typical
tumnor cell lines show a distinct gene expression profile but also that this profile may be governed by

certain viruses.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Kaposi's sarcoma-associated herpesvirus (KSHV) or human her-
pesvirus 8 (HHV-8) was discovered in AlDS-associated Kaposi's
sarcoma [1] and established as an etiologic agent for all forms of
this disease [2]. KSHV is also found in almost all of two B cell lym-
phomas, primary effusion lymphoma (PEL) [3], and plasmablastic
lymphoma associated with multicentric Castleman’s disease [4].
PEL typically presents as a lymphomatous effusion in the pleural/
peritoneal cavity without forming a solid mass [5].

Epstein-Barr virus (EBV), another human gamma-herpesvirus,
is well known as an etiological agent of many types of cancer orig-
inated from T and B cell lymphocytes as well as gastric cancer [6].
Typical EBV-associated tumors are Burkitt lymphomas and classi-
cal Hodgkin's lymphomas, both of which are originated from B
lymphocytes [7]. Although PEL often co-infects both with KSHV
and EBV, KSHV seems to be primarily responsible for the transfor-
mation [5,8].

The advent of DNA microarray technology has been very helpful
for revealing the characteristic profiles of transcriptomes of tissues
including cancers. There have been many reports showing how
infections with various viruses, including KSHV and EBV, affect cel-
Iular gene expression profiles [9]. Here, we analyzed the gene
expression profiles of cell lines established from human lympho-
cytic leukemnia. These were KSHV-infected primary effusion lym-

* Corresponding author. Fax: +81 6 6879 3789.
E-mail address: kueda@virus.med.osaka-u.ac.jp (K. Ueda).

0006-291X/$ - see front matter ® 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.02.122

phoma (PEL) cell lines, either EBV-infected and non-infected
Burkitt lymphoma (B-L) cell lines and several T-cell lymphoma
(TCL) cell lines, including two sets of normal human peripheral
mononuclear cells (PBMCs). Each of these groups showed a clearly
distinguishable gene expression profile. The results suggested not
only that a typical tumor cell type shows a distinct gene expression
pattern but also that the gene expression profile of a typical tumor
cell line seems to be governed by some virus infection.

2. Materials and methods
2.1. Cells and RNA

The PEL cell lines used were TY1 [10], BCBL1 [11], D90 which
was a derivative of BCBL1 and not inducible for lytic replication
by tetradecanoylphorbol 13-acetate (TPA) [12], BC3 [13}, and BC1
[14]. All these cell lines are latently infected with KSHV and only
BC1 is co-infected with KSHV and EBV, and they were cultured in
the RPMI1640 medium (Wako Chemicals, Osaka, Japan) containing
20% heat-inactivated fetal bovine serum (FBS), 10 i.u. per ml peni-
cillin G and 10 pg per ml streptemycin under a 5% CO, atmosphere.
The BL cell lines used were Ramos, BJAB, Daudi, Akata which was
the gift of Dr. Takada, Hokkaido University [15], and Raji. For the
RT-PCR (see below), Namalwa, an EBV-positive Burkitt lymphoma
cell line and MC116, which is an undifferentiated B cell lymphoma
cell line, were also utilized. All these cell lines were infected with
EBV except Ramos, BJAB and MC116, and the EBV genomes in Raji
and in Daudi cells were found to be defective [16,17]. Several TCL
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cell lines were also analyzed: Jurkat (an acute T-cell leukemia),
Molt-3 (an acute T lymphoblastic leukemia), SupT1 (a T lympho-
blastic leukemia) and MT4 (an adult T-cell leukemia cell line).
Among them, only MT4 contained integrated retroviral genomes
of human T-cell leukemia virus-1 (HTLV-1). The BL and TCL cell
lines were cultured under the same condition except 10% heat-
inactivated FBS was used in place of 20% heat-inactivated FBS.
Samples were prepared as either a TPA-induced or non-induced
version for all cell lines. RNA was extracted from these cells three
times, when the cells grew to 1 x 10/ml in the 25 ml culture med-
ium. When cells were induced by TPA, TPA was added into medium
at 1 x 10%/ml cell density and left for 48 h. The cells under this con-
dition were pelleted and lysed with 5 ml Trizol® (Invitrogen, Carls-
bad, CA). The solution was stored at 4 °C refrigerator until the other
preparation was completed. Finally, three lysed solutions were
combined and the total RNA was extracted.

For RNA preparation of the healthy candidates peripheral blood
mononuclear cells (PBMCs) of two healthy volunteers, 20 ml of ve-
nous blood was obtained in a 100 U heparin containing syringe and
spun down at 1500g for 15 min at room temperature [18]. The
plasma was discarded and an equal volume of 0.02% EDTA-phos-
phate buffered saline (—) (PBS [-]) was added. The mixed blood
was layered on a 20 ml Ficoll-Paque (GE Healthcare, Buckingham-
shire, UK) and centrifuged at 1500g for 3 min at RT. Banded PBMCs
were collected, suspended in three volumes of 0.02% EDTA-PBS (-)
and pelieted at 1500g for 3 min at RT. The supernatant was care-
fully and completely discarded and 5 ml Trizol® (Invitrogen) was
added. The samples were prepared three times and all preparations
were combined finally.

Total RNA was extracted from the lysate according to the man-
ufacturer’s instructions. Poly(A)" RNA was purified from the total
RNA using a MicroPoly(A)Purist™ Kit (Ambion, Austin, TX) accord-
ing to the manufacturer’s instructions. The purified poly(A)" RNA
was divided into aliquots of 2.0 pg, precipitated with ethanol,
and stored at —20°C.

483

2.2. Microarray hybridization and data analysis

Synthetic polynucleotides of 80 mer representing 30,913 spe-
cies of human transcripts (MicroDiagnostic, Tokyo, Japan) were
printed on a glass slide using a custom-made arrayer. The aliquots
of 2.0-pg RNA were subjected to first-strand cDNA synthesis in the
presence of Cyanine-5 dUTP (PerkinElmer, Boston, MA) for samples
obtained from the cell lines or Cyanine-3 dUTP (PerkinElmer) for a
human common reference RNA in a reaction mixture derived from
a labeling and hybridization kit (MicroDiagnostic). The human
common. reference RNA was prepared by mixing equal amounts
of poly(A)" RNA extracted from 22 human cancer cell lines to
reduce cell type-specific bias of expression. The red fluorescence-
labeled cDNA of the samples and the green fluorescence-labeled
common reference RNA were equally mixed and hybridized to a
microarray. The hybridized microarray was washed with the label-
ing and hybridization kit and subsequently scanned by using a
GenePix 4000A scanner (Axon Instruments, Union City, CA). Fluo-
rescence signals were detected and processed by GenePix Pro 3.0
software (Axon Instruments). The processed raw data (median of
ratios) were normalized by multiplying with the normalization
factors provided in the GenePix Pro 3.0 software package. The nor-
malized data (expression ratios) were converted into log, values
(designated log ratios).

2.3. Reverse transcription followed by PCR (RT-PCR) and quantitative
RT-PCR (q-PCR)

Cells were cultured and the total RNA was extracted under the
same conditions described above for the RNA preparation as men-
tioned. Ten micrograms total RNA was subjected to cDNA synthesis
with a first-strand synthesis kit (Roche, Mannheim, Germany). The
one-twentieth (~0.5 ug RNA equivalent) was used for RT-PCR and
g-PCR. In this report, we focused on the angiopoietin-1 (ang-1)
gene and prepared the following primers to detect its expression:
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Fig. 1. Cluster analysis of the PEL, TCL, and BL cell lines. The expression levels of about 30,000 genes in each of the cell lines were analyzed with a DNA chip. The cluster
analysis revealed that each category of tumor cell lines showed a distinct expression profile, and in most of cases TPA induction did not grossly change the expression profile.
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Angpt1-FW1, 5'-TTCCTCGCTGCCATTCTGACTC-3' and Angpt1-RV1,
5-GGTGGATAATGAATTCTCCAGC. PCR was performed at 95 °C for
305, 54 °C for 30s and 72 °C for 1 min with Ex-Taq® polymerase
(Takara, Tokyo, Japan). This reaction generated about an approxi-
mately 480-bp fragment, which was cloned into a bluescript Il vec-
tor (Stratagene, La Jolla, CA) to set the standards for g-PCR. g-PCR
was performed with Roche's LightCycler FastStart DNA Master
SYBR Green I according to the manufacture’s instructions.

3. Results and discussion
3.1. KSHV-infected PEL cell lines show distinct gene expression profiles

In this analysis, we tried to determine whether KSHV-infected
PEL cells showed different gene expression patterns different from
those of several other cell lines, especially from BL cell lines, since
both were originated from the B cell lineage. A previous report sug-
gested that PEL cells resemble transformed postgerminal center
(GC) B cells, although some PELs have been reported to be of
pre-GC origin [5] and BL cells have been reported to resemble GC
B cells [19]. For this purpose, we utilized a DNA microarray analy-
sis. We prepared three different types of lymphatic tumor cell lines
and normal peripheral blood mononuclear cells — PEL cell lines
(TY1, BCBL1, BC1, BC3, and D90, a derivative of BCBL1), T-cell lym-
phoma cell lines (SupT1, Jurkat, Molt3, and MT4) and BL cell lines

Az
PIE 1 O N A 1 =

L LT
o (SRR NIRRT

S e

=D ooy S St

T QRROOOOOME
galalmlialsalaaloalsalalt =D

(BJAB, Daudi, Ramos, Raji, and Akata) -~ as well as two PBMC sets.
All of the PEL cell lines were infected with KSHV, but only BC1
was co-infected with KSHV and EBV. In the case of the BL cell lines,
all but BJAB and Ramos were infected with EBV. About 30,000
genes were analyzed on the DNA chip. The analysis was normal-
ized with the human common reference RNA (see Section 2), which
means that the average gene expression was shown to be around
zero by the value of log,.

The results showed a clear difference of gene expression profiles
between the PEL, TCL, and BL cell lines, i.e., each cell line was cat-

‘egorized into a distinct group (Fig. 1). Thus, even though PEL and

BL were originated from B cells, their gene expression profiles were
quite characteristic. In almost all cases, PEL was indeed infected
with KSHV and frequently co-infected with EBV. Actually, PEL cell
lines were established with KHSV and EBV co-infected status, but
EBV frequently disappeared during in vitro culturing in vitro at
least {10,11,13,20-23]. This phenomenon strongly suggests that
KSHV could have an important role for maintenance of the PEL cell
lines in vitro and probably governs the gene expression profile. In-
deed, the KSHV genome appeared to be stringently maintained in
terms of the copy number and never disappeared, whereas the
EBV genome was easily lost and EBV-negative cell lines could be
established from original EBV-positive BL cell lines [15]. Though
there was only one cell line (BC1) that was co-infected with KSHV
and EBV in this analysis, this expression profile was categorized

Fig. 2. Genes that were differentially expressed among the PEL, TCL, and BL cell lines. (A) Genes that showed a fourfold higher expression level in PEL cell lines compared with
the TCL or BL cell lines. (B) Genes that showed fourfold lower expression level in the PEL cell lines compared with the TCL or BL cell lines. TPA induction on BCBL1 repositioned
its profile by cluster analysis, suggesting that TPA had a different effect on each cell line.
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into the PEL cluster, which was consistent with a previous
report [19].

TPA is often used to reactivate KSHV lytic replication and the ef-
fect of TPA on cellular gene expression was also analyzed. Though
TPA has a dramatic effect on the viral gene expression [24~26], in
this study the drug generally did not change the cellular gene
expression profiles (Fig. 1). However, TPA had a slightly different
effect on BCBL1 than on the expression profiles of the other cell
lines (Fig. 2A and B).

3.2. Characteristic gene expression

We extracted genes whose expression was higher or lower in
the PEL cell lines compared with the other clusters. In this analysis,
there were 124 genes that showed different expression levels
among the three groups and half of them were expressed at rela-
tively higher and lower levels in the PEL cell lines, respectively.
Typically, methyl-CpG binding domain protein (NM_015845)

(GenBank accession number), RNA polymerase Il (NM_002696), tu-
mor necrosis superfamily member (NM_002696), and so on were
expressed more highly in the PEL cell lines than in the TCL or BL
cell lines (Fig. 2A).

Sialyltransferase 1 (NM_003032), DEK oncogene (NM_003472),
Amyloid beta (A4) precursor protein-binding factor (NM_019043),
CD79B (NM_000626), and so on seemed to be expressed at lower
levels in the PEL lines, and at the higher levels in the BL cell lines
(Fig. 2B). CD19, CD22, and CD79A and B, which are typical mark-
ers for B cell lineage, were expressed the higher in BL cell lines
(Fig. 2B), suggesting that PEL and BL had different characteristics
though they were thought to be originated from B cell lineage be-
cause of the rearrangement of the immunoglobulin genes
[3,27,28]. In the case of many of the genes that showed higher
or lower expression in one or another of these cell lines, the func-
tion of these expression differences remains to be clarified in
terms of their function to give characteristic features to the cell
lines.
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Fig. 3. The expression level of typical genes. (A) Vitamin D (1,25-dihydroxyvitamin D3) receptor (VDR) (NM_01466), caspase 3 (CASP3) (NM_004346), activating transcription
factor 6 (ATF6) (NM_005171), and presenilin 1 (Alzheimer disease 3) (PSEN1) (NM_007319) have been reported to be expressed more highly in PEL cell lines than in TCL or BL
cell lines. VDR and CASP3, but not ATF6 and PSEN1 were indeed expressed more highly in the PEL cell lines than in the others. (B) In our analysis, only ang-1 was extremely
expressed at high levels in the PEL cell lines while neither ang-2 nor Tie-2/tek-1, which is a receptor gene for ang-1 and ang-2, appeared to be up-regulated. (C) RT-PCR
confirmed the higher expression of ang-1 in the PEL cell lines. Ang-1 gene expression was detectable level in ail the PEL cell lines but not in the TCL or BL cell lines, by RT-PCR.

A shorter band was detected in the Raji cell line, the details of which were unclear.
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