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Abstract. Lymphoma is not a common focus for viral therapy
as many researchers do not consider lymphoma as a suitable
target for viral vectors. In the present study, the infection,
replication and cytotoxicity of herpes simplex virus (HSV)
and adenovirus vectors were screened and evaluated in
different lymphoma cell lines. Three recombinant viruses,
BAC-HSV-1-eGFP, Adv-eGFP and an NV1020-like oncolytic
HSV-1 virus strain named BAC-HSV-1-eGFP-dellRs, inserted
with green fluorescent protein (GFP) as a reporter, were
applied to evaluate the efficiency of viral infection and
replication and cytotoxicity to lymphoma cells. Four types of
lymphoma cell lines (SNK-6, Jurkat, Raji and Hut 78) were
examined. We found that the HSV-1 vector, BAC-HSV-1-
eGFP, was able to infect and replicate in the three lymphoma
cell lines (Jurkat, Raji and Hut 78) and inhibit the growth of
these cells more efficiently than adenovirus vector Adv-eGFP.
The sensitivity of the four types of lymphoma cell lines to the
viral vectors was different. The human cutaneous TL cell line
Hut 78 was more sensitive to the viral vectors than the other
cell lines. However, the human NK/T lymphoma cell line
SNK-6 was not infected by any of the viral vectors and did
not allow replication of the viruses. In conclusion, lymphoma
may be a potential target for HSV-1 vector-mediated viral
therapy.

Introduction
Lymphoma is the most common hematologic malignancy and

comprises a heterogeneous group of malignancies consisting
of different clinicopathological entities. Despite recent advances,
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lymphoma is not yet curable, and death most commonly results
from progressive refractory disease after treatment, as well as
from the considerable toxicity of current therapeutic modalities
(1,2). The availability of molecular genetic technology and a
more precise understanding of lymphoma offer potential
strategies for the treatment of lymphoma. A number of
promising therapies have been developed in the past few
decades. For example, monoclonal antibody therapy (e.g.
rituximab) directly targeting specific antigens of lymphoma
cells has been the standard treatment for certain types of
B-cell non-Hodgkin's lymphoma (NHL) (3.4).

Another potential biological approach to the treatment of
lymphoma is gene therapy. Viral therapy is a new form of
gene therapy which is being investigated in clinical trials for
many cancer types. Transducing exogenous genes in vitro
using viral vector and vector-directed cell lysis have been the
most common strategies for viral therapy in the treatment of
cancer. Although viral therapy for the treatment of lymphoma
appears promising according to a previous report, further
research has been hampered by the lack of suitable vectors
that can achieve high levels of infection efficiency and repli-
cation capability (5).

Viral vectors, such as herpes simplex virus (HSV), retro-
virus, adenovirus (adv) and adeno-associated virus (aav) are
required in many applications of gene therapy to tumor cells.
To achieve successful treatment, viral vectors need to be
delivered with high efficiency to target cells or produce tumor
cell lysis with sufficient replication capability. Extensive
research on viral therapy has achieved many significant results
in preclinical and clinical trials. In China, two types of gene
recombinant adenovirus gene drugs have been utilized in
clinical application to treat solid tumors (6). In general, viral
vectors for cancer treatment have been the focus of gene
therapy. Human lymphomas, however, have not been a common
focal point for the recent study of viral therapy, possibly
because of their hematologic and heterogeneous characteristics
(7). Infection of appropriate target cells is the first step in gene
therapy using viral vectors. Many previous reports have
demonstrated that most human lymphoid cells are relatively
resistant to viral infection, and most viral therapies cannot
transfer exogenous DNA into primary lymphocytes efficiently
(8-12), therefore, more and more researchers presume that
lymphoma is an unsuitable target for viral therapy, unless
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reliable and stable vector systems with a high infection
efficiency of a large number of lymphoma cells and/or a high
level of replication ability in lymphoma cells are developed.

However, lymphoma cells may still be attractive targets for
viral therapy. First, specific genetic defects may exist in several
NHLs that make their malignant cells attractive targets for
viral assault. Second, for some hematological malignancies,
the neoplastic cells circulate in the blood, thus a large number
of tumor cells can be harvested and sorted for manipulation
ex vivo. Third, there is evidence in the literature suggesting
that some selected lymphocytic cell lines can be transduced
efficiently with viral vectors (13-15). Fourth, it has been
recognized that some viral vectors such as HSVs could infect
malignant human hematopoietic cells with high efficiency
(12,16), and these studies suggest that lymphoma cells could
be efficiently infected with HSV vectors. Finally, current
technology permits scientists to genetically engineer viruses
infecting and/or replicating in lymphoma cells with higher
efficiency. For example, the Ad5/F35 fiber chimeric adenovirus
effectively infecting B-lymphocytic malignancies may serve
as a potential anticancer agent or a therapeutic vehicle in
B-cell tumor treatment (17). In addition, attenuated measles
viruses (MV) were confirmed to exhibit a strong oncolytic
effect for lymphoma and myeloma in in vivo experiments (7,18).

Since lymphomas consist of numerous histologic subtypes
and may have different susceptibilities to various viral vectors,
it is very important to ascertain the infection and replication
ability of viral vectors for different types of lymphomas. It has
been considered that HSV vectors can infect many tumor cell
lines with high efficiency and may be a highly effective means
of infecting lymphoma cells. There are three types of HSV
vectors: amplicon, replication-incompetent vectors and onco-
lytic vectors. Various oncolytic HSV vectors have been applied
in clinical trials, and the laboratory and clinical data have
shown that HSV vectors are more reliable, effective and safer
than traditional viral vectors (19). Moreover, there are few
applications of HSV vectors in the research on lymphoma,
therefore, it is necessary to screen and evaluate the infection
and replication ability of HSV vectors for different lymphoma
cell lines.

Here, recombinant viruses, BAC-HSV-1-eGFP (BH-1-G)
and Adv-eGFP (Ad-QG), inserted with green fluorescent
protein (GFP) as a reporter, were applied to evaluate the
efficiency of viral infection and replication. Virus BH-1-G
was constructed using the bacterial artificial chromosome
(BAC) and homologous recombination technology. Virus
Ad-G was engineered by Gateway Technologies. Different
types of human lymphoma cell lines (SNK-6, Jurkat, Raji and
Hut 78) were infected with the recombinant viruses as noted
above with different MOlIs, and then the GFP expression was
detected by both flow cytometric analysis and fluorescence
microscopy. In addition, progeny viruses were harvested
for titre determination to evaluate the replication ability.
We also constructed an NV1020-like oncolytic HSV-1 virus
strain named BAC-HSV-1-eGFP-dellRs (BH-1-G-dirs) with a
deleted internal repeat region including one copy of RS1,RL1,
RL2 gene, and the mutated UL56 and US1 genes to make it
express one of the two original y34.5 genes allowing the virus
to replicate more efficiently. Recently, the NV1020 oncolytic
HSV-1 showed a significant potential for the treatment of
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many different types of tumors in preclinical studies in
experimental animals as well as in human clinical trials
(20,21). In the present study we also examined the cytotoxicity
of oncolytic virus BH-1-G-dirs to lymphoma cells after
analysis of viral infection and replication ability. Finally,
we found that HSV-1 vectors could infect and replicate in
several types of lymphoma cells and inhibit the growth of
these cells more efficiently than the adenovirus vector, and
the sensitivities of lymphoma cell lines to viral vectors were
significantly different.

Materials and methods

Cells

Lymphoma cell lines. Human BL cell line Raji, human TL cell
line Jurkat and human cutaneous TL cell line Hut 78 were
obtained from the laboratory of Zhang Mingzhi, The First
Affiliated Hospital of Zhengzhou University. The human NK/T
lymphoma cell line SNK-6 was provided by Professor Norio
Shimizu and Yu Zhang of Chiba University.

SNK-6 cells were grown in RPMI-1640 with 10% human
serum and 700 U/ml IL-2. Hut 78 cells were grown in RPMI-
1640 with 10% fetal bovine serum. Raji and Jurkat were
grown in RPMI-1640 with 10% fetal bovine serum, 1.5 g/l
NaHCO;, 10 mM HEPES and 1.0 mM sodium pyruvate.

Cell lines for virus manipulation. The human embryonic
kidney 293A cell line and the African green monkey kidney
Vero cell line were cultured in DMEM supplemented with
10% fetal bovine serum, 0.1 mM non-essential amino acid
and 2 mM glutamine. All the culture media were supplemented
with 100 U/ml streptomycin and penicillin G, and all of the
cell lines were cultured at 37°C in a humidified atmosphere
with 5% CO,.

Viral vectors. Recombinant BAC-HSV-1-GFP virus (BH-1-G),
BAC-HSV-1-GFP-dellRs (BH-1-G-dirs) and recombinant
Adv-GFP virus (Ad-G) were obtained from the laboratory of
Han Zhiqiang, Medical College of Zhengzhou University
(Zhengzhou, China). The HSV vectors (BH-1-G, BH-1-G-dirs)
and Adv-GFP virus were propagated and titrated on Vero and
293A cells, respectively. The BAC-GFP gene was inserted
into the genome of HSV-1 F strain to replace several
non-essential genes according to the packaging ability of the
virus. The CMV-GFP-IRES-Ela-polyA element was inserted
into the expression vector involving the adenovirus genome
with E1 and E3 region deleted. The schematic strategy of the
viral vectors is shown in Figs. 1-3.

Preparation of recombinant virus. Vero and 293A cells were
transfected with the HSV vectors (BH-1-G, BH-1-G-dirs) and
the Ad-G viral vector, respectively, using Liposome 2000. The
cells and supernatant were harvested until ~80% cytopathic
effect (CPE) was observed (7-10 days post-transfection). Cells
were lysed to release intracellular viral particles by three
freeze/thaw cycles. The cell lysate was then centrifuged at
3000 rpm for 15 min at room temperature to pellet the cell
debris.

Isolated plaques of the HSV and adenovirus vectors were
selected and expanded by infecting the Vero and 293A cells.
On the day before infection, 3x10° cells per 10-cm plate were
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Figure 1. Schematic strategy of the BH-1-G viral vector. BAC-GFP gene was
inserted into the genome of HSV-1 F strain to replace several non-essential
genes (ul43-ul47) by homologous recombination in Vero cells.
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Figure 2. Schematic strategy of BH-1-G-dirs viral vector. BH-1-G-dirs viral
vector was constructed by using recombineering technology. IR region was
first replaced with Galk/kan* by positive selection and then Galk/kan* was
deleted by negative selection. In this process, UL56 and USI genes were also
deleted partially.
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Figure 3. Schematic strategy of Ad-G viral vector. CMV-GFP-IRES-Ela-
polyA element was cloned to expression vector pDEST by utilizing
GATEWAY Cloning System (Gibco BRL). Recombined expression vector
was linearized with pacl to transfect into 293A cells to package Adv-GFP
virus.
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prepared. On the day of infection, the desired amount of virus
was added to the cells (MOI of 10) at 80-90% confluency. The
cells and supernatant were harvested, frozen and thawed three
times, and the cell lysate was centrifuged. The supernatant
containing viral particles was transfered to cryovials in 1-ml
aliquots. The viral stocks were stored at -80°C, and the titer of
the viruses was determined according to TCID50 methods.

Infection with recombinant virus. Lymphoma cells were
infected with viral vectors at various MOIs at 37°C in a
humidified atmosphere of 5% CO,. Before infection, the
lymphoma cells were washed, pelleted at 800 rpm/10 min and
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re-suspended in PBS. The viruses were diluted in gradient and
used to infect cells at the desired MOI. Three hours after
infection, the cells were washed with PBS for removal of
unattached viruses. Normal medium was added for the further
experiments.

Assessment of efficiency of infection. To evaluate the infection
efficiency of the HSV-1 vector BH-1-G and adenovirus vector
Ad-G in lymphoma cells, the green fluorescent protein (GFP)
was used as a reporter, and GFP expression was detected by
both flow cytometric analysis and fluorescence microscopy.

FACS analysis. SNK-6, Jurkat, Raji and Hut 78 cells at the log
growth phase were centrifuged. The supernatant was discarded,
and cells were re-suspend in the desired medium without
serum. The cell suspension was seeded in a 24-well plate at
2x10%/well and infected at an MOI of 50 with the viruses
(BH-1-G, BH-1-G-dirs and Ad-G), and PBS was used as the
control group. The volume of every well was adjusted to
0.9 ml. Serum (100 pl) was added to all of the experimental
wells and the cells were cultured for 4 h at 37°C in a humidified
atmosphere with 5% CO,. The cells were harvested after 24 h,
washed twice using cold PBS, centrifuged at 1000 rpm for
5 min and re-suspend in 500 pl PBS, and transferred to a tube
used specifically for flow cytometry.

Fluorescence microscopy. An Olympus inverted microscope
was used to detect GFP expression. Green fluorescence was
readily detectable in the lymphoma cells infected by BH-1-G,
BH-1-G-dirs and Ad-G as described above. Twenty-four hours
after infection, microphotographs were captured.

Detection of the replication ability. Cells (1x10°) were seeded
on 6-well plates on the day of infection. Viruses (MOI of 1)
were used to infect the cells at day O time point. Cells and the
supernatant were then harvested on day 3 and titrated. The
replication ability of viruses was then evaluated according to
the titer.

Cytotoxicity assay. The Cell Counting Kit-8 (CCK-8) was
used for the cytotoxicity assay of the oncolytic viruses BH-1-
G-dirs and Ad-G in the lymphoma cells. First, 100 ul of cell
suspension (1x10* cells/well) in a 96-well plate was needed to
be dispensed, and meanwhile viruses were added into the
culture media in the plate. The plate was incubated for 4 days
in a humidified incubator, and CCK-8 solution was added to
each well for assay. Finally, the absorbance at 450 nm was
measured using a microplate reader after incubating the plate
for 4 h.

Statistical analysis. Statistical analysis was performed with
one-way ANOVA and the t-test. Statistical significance was
set at P<0.05.

Results

Preparation of virus vectors. Twenty-four hours after infection,
the initial CPE was observed in the packaging cells, and
complete CPE was observed at 72 h (Fig. 4). The titer of the
harvested viruses was from 5x108 to 1x10° PFU/ml.
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Figure 4. Cytopathic effect (CPE) of the Vero cells after infection. (A) Initial
CPE at 24 h (B). Complete CPE at 72 h.

Efficiency of infection. Lymphoma cells were infected with
the BH-1-G and Ad-G viral vectors derived from HSV-1 and
adenovirus, respectively, at a MOI of 50. The observation
results showed that the infection statuses of the two viruses in
the four lymphoma cell lines were obviously different. Fluo-
rescence intensity of the lymphoma cells after BH-1-G vector
infection was higher than that after Ad-G vector infection at
the same MOI. Among the four lymphoma cell lines, human
cutaneous TL cell line Hut 78 was relatively easier to be
infected by the BH-1-G and Ad-G viral vectors, while the
human NK/T lymphoma cell line SNK-6 was hardly infected,
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and the fluorescence intensity did not increase even at a MOI
of 1000 (Fig. 5).

To evaluate the efficiency of the viral infection of the
lymphoma cells more precisely, 24 h after infection at a MOI
of 50 with the viral vectors, lymphoma cells were harvested
and green fluorescence was analyzed by FACS. As shown in
Fig. 6, the NK/T lymphoma cell line SNK-6 could not be
detected with GFP expression, which indicated that the NK/T
lymphoma cell line SNK-6 was not effectively infected with
the viral vectors. The results showed that ~57.58 and 34.67%
of the human cutaneous TL Hut 78 cells infected with the
BH-1-G and Ad-G viral vectors, respectively, displayed green
fluorescence above the background fluorescence. By
comparison, ~14.28 and 9.28% of human BL Raji cells
infected with the BH-1-G and Ad-G viral vectors expressed
green fluorescence, respectively, which was brighter than that
detected in the human TL cell line Jurkat with a 10.27 and
5.12% expression ratio. However, a similar percentage of
virus-infected SNK cells displayed an extremely low level of
GFP fluorescence of 0.2 and 0.5% (Fig. 6).

Efficiency of replication. To assess the replication ability of
the three types of recombinant viruses (BH-1-G, BH-1-G-dirs
and Ad-G) in the lymphoma cells, at days 0, 2, 4, 6, 8 time

Figure 5. Fluorescence microscopy of GFP expression in infected human lymphoma cells with BH-1-G and Ad-G. Lymphoma cell lines were infected with
viral vectors BH-1-G and Ad-G at a MOI of 10, and 24 h after infection, microphotographs were recorded. Results showed that the fluorescence intensity of
lymphoma cells infected with BH-1-G (a-2, b-2, c-2, d-2) was obviously higher than those infected with Ad-G (a-1, b-1, c-1, d-1). Meanwhile, the fluorescence
intensity of Hut 78 (a), Raji (b), Jurkat (c) and SNK-6 (d) cells infected with the same one virus decreased successively. The fluorescence of GFP was barely

observed in SNK-6 cells.
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Figure 6. FACS analysis of GFP expression in infected human lymphoma cells. Viruses BH-1-G and Ad-G containing the GFP gene were used to infect
human lymphoma Hut 78, Jurkat, Raji and SNK-6 cells. Forty-eight hours after infection at a MOI of 50 with the viral vectors, lymphoma cells were harvested
and green fluorescence was analyzed by flow cytometry. The relative numbers of viable cells were then plotted as a function of intensity of green fluorescence.
The uninfected cells were also used for comparison (A-1, B-1, C-1 and D-1). Approximately 34.67 and 57.58% of Hut 78 cells infected with the BH-1-G and
Ad-G vectors, respectively, displayed GFP fluorescence over the background (A-2 and A-3). Approximately 14.28 and 9.28% of the human BL cell line Raji
infected with BH-1-G and Ad-G expressed green fluorescence, respectively (B-1 and B-2), which was brighter on average than that detected in the human TL
cell line Jurkat with 10.27 and 5.12% expression ratio (C-2 and C-3). However, a similar percentage of virus-infected SNK cells displayed an extremely low
level of GFP fluorescence of 0.2 and 0.5% (D-2 and D-3).
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Figure 7. Replication of viral vectors in different lymphoma cell lines. Hut 78, Jurkat, Raji and SNK-6 cells were infected with BH-1-G, BH-1-G-dirs and
Ad-G at a MOI of 10. At days 0, 2,4, 6 and 8, cells and the supernatant were collected and titrated. The result showed that BH-1-G and BH-1-G-dirs replicated
effectively in Hut 78, Raji and Jurkat cell lines, and the replication efficiency of HSV-1 vectors was higher than Ad-G (A, B and C). Three types of viruses did
not replicate in the SNK cell line, and even were not detected at day 3 after infection (D).
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Figure 8. Cytotoxicity of BH-1-G-dirs and Ad-G against three human
lymphoma cell lines. Cytotoxicity assay using the CCK-8 Kit was carried out
in Hut 78, Jurkat, Raji and SNK-6 cell lines after infection of the cells with
BH-1-G-dirs and Ad-G at a MOI of 10. Different responses to BH-1-G-dirs
and Ad-G were noted in the different cell lines. Inhibition of 44.9% of Hut 78
cells, 27.2% of Raji cells and 20.2% of Jurkat cells infected with BH-1-G-dirs
was noted. By contrast, 21.0% of Hut 78 cells, 15.3% of Raji cells and 12.4%
of Jurkat cells infected with Ad-G were inhibited. The difference in inhibition
between BH-1-G-dirs and Ad-G was statistically significant (p<0.01).
Although the virus did not replicate in SNK-6 cells, Ad-G and BH-1-G-dirs
viruses still exhibited non-specific inhibitory effects (8.5 and 8.2%).

points after infection at a MOI of 10, the cells and the super-
natant were collected and titrated. The results showed that in
human cutaneous TL cell line Hut 78, BH-1-G and BH-1-G-
dirs effectively replicated and finally increased by ~500 times,
at least 10-fold more than Ad-G. BH-1-G and BH-1-G-dirs
increased by ~100 and 50 times in thw B cell lymphoma Raji
and Jurkat cells, at least 2-fold more than Ad-G which
increased 40 and 20 times in the Raji and Jurkat cells. This
suggests that the replication ability of BH-1-G and BH-1-G-
dirs was stronger than Ad-G, but the replication ability was
similar between BH-1-G and BH-1-G-dirs vectors in the
Hut 78, Raji and Jurkat cell lines. (Fig. 7). Three types of
viruses did not replicate in the SNK cell line, and even were
not detected at day 4 after infection (Fig. 7).

Cytotoxicity assay. Lymphoma cells were infected with BH-1-
G-dirs and Ad-G at a MOI of 10, and the cytotoxicity was
determined using the CCK-8 Kit. Results showed that BH-1-
G-dirs inhibited the growth of lymphoma Hut 78, Raji and
Jurkat cells more effectively than Ad-G (Fig. 8). Human
cutaneous TL cell line Hut 78 was the most sensitive to viral
oncolysis among the four lymphoma cell lines, and the inhibi-
tion ratio of Hut 78 infected by Ad-G and BH-1-G-dirs was
21.0 and 44.9%, respectively. The inhibition ratio of the
human BL cell line Raji infected by Ad-G and BH-1-G-dirs
was 15.3 and 27.2%, respectively, and the human TL cell line
Jurkat was 12.4 and 20.2%, respectively. Although the virus
did not replicate in the SNK-6 cells, Ad-G and BH-1-G-dirs
still exhibited non-specific inhibitory effects (8.5 and 8.2%).

Discussion

Many gene therapy applications require viral vectors, such as
adenovirus, herpes simplex viruses, retroviruses and adeno-
associated viruses. Adenovirus and HSVs, which can be
genetically constructed as oncolytic viral or replication-
incompetent vectors, have become the most popular viral
vectors.
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Lymphoma is a special type of disease comprising a
heterogeneous group of lymphoid malignancies. Previous
studies have shown that malignant human hematopoietic cells
including lymphoma cells are resistant to most viral vectors
and only a few reports exist of successful infection into
malignant human hematopoietic cells. Diloo et al reported
100% infection efficiency by replication defective HSV-2
vector into acute myelocytic leukemia (AML), acute lympho-
cytic leukemia (ALL) and CD34-positive progenitor cells at a
MOI lower than 3 (16). Wolfe et al reported that up to 81% of
AML, ALL and CD34-positive stem cells were infected
efficiently by HSV-1 vector at a very high concentration of 30
MOI. Higher concentrations of the virus may yield higher
infection efficiency (22). To date, there are few research reports
on viral vectors that can effectively infect and replicate in
lymphoma cells. Herpes simplex viruses (HSVs) may offer
numerous advantages as vectors for gene therapy over alter-
native systems in terms of their titer, the size of the gene insert,
safety and a broad tissue tropism, but as yet they have not
been proven capable of infection and replication in lymphoma
cells.

To examine the infection and replication ability of HSV
vectors in the different lymphoma cells, recombinant viruses
BAC-HSV-1-eGFP (BH-1-G) and Adv-eGFP virus (Ad-G)
inserted with GFP as a reporter, were applied to evaluate the
efficiency of viral infection and replication. Microscopy
observation methods and flow cytometric assay were used to
measure the proportions of cells that expressed GFP for
evaluating the infection ability of the viruses targeting the
different lymphoma cell lines. This study demonstrated that
the efficiency of HSV vector BH-1-G infecting lymphoma
cells was higher than adenovirus vector Ad-G (Figs. 5 and 6).
As assessed by FACS, 57.58, 14.28 and 10.27% of Hut 78, Raji
and Jurkat cells infected with BH-1-G at an MOI of 50
expressed GFP respectively, while 34.67,9.28 and 5.12% cells
infected by Ad-G expressed GFP. For the same virus, the
infection efficiency also varied between different lymphoma
cells, but remained relatively higher for the Hut 78 cells. The
efficiency of infection in Hut 78 cells was ~10- to 100-fold
higher than that in the Raji and Jurkat cells at any given MOI.
Nevertheless, the SNK-6 cell line was hardly infected by the
virus vectors, as the fluorescence of GFP was barely observed
in the SNK-6 cells infected with viral vectors at any MOI, and
GFP expression was not detected by FACS (Figs. 5 and 6). We
also compared the replication efficiency of lymphoma cells
with BH-1-G, BH-1-dirs and Ad-G by using a conventional
method TCID 50 for titer measurement. The results showed
that the replication ability of BH-1-G and BH-1-G-dirs was
stronger than Ad-G, but the replication ability was similar
between the BH-1-G and BH-1-G-dirs vectors in the lymphoma
cell lines (Fig. 7). BH-1-G and BH-1-G-dirs replicated
effectively and finally increased by ~500 times, at least 10-fold
more than Ad-G in Hut 78 cells, while BH-1-G and BH-1-G-
dirs increased by ~100 times in the B cell lymphoma cell line
Raji and 50 times in Jurkat cells, at least 2-fold more than
Ad-G which increased 40 and 20 times in Raji and Jurkat
cells. To our surprise, three types of viruses did not replicate
in SNK-6 cell line, and also were not detected at day 3 after
infection (Fig. 7). We supposed that the viruses may be
eliminated by the SNK-6 cells derived from the NK/T cell
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line which limited the replication of the viruses in vitro (23).
These unexpected findings suggest that the SNK-6 cell line
was unsuitable for use in the viral vector-mediated gene
therapy, while the Hut 78 cell line should be an attractive
target for viral therapy.

According to the results of the assessment of infection and
replication abilities, we demonstrated that the HSV-1 vector
infected and replicated in the lymphoma cells more easily
than the adenovirus vector. Thus, HSV-1 vectors may be useful
in the gene transduction and expression research of lymphoma.
A cytotoxicity assay was carried out to evaluate the oncolytic
effect of viral BH-1-G-dirs. The results showed that BH-1-G-
dirs could kill lymphoma more effectively than the adenovirus
vector Ad-G. Hut 78 cells were also more sensitive than the
other lymphoma cells to the viral vectors. The inhibition ratio
of Hut 78 cells infected with Ad-G and BH-1-G-dirs was 21.0
and 44.9%, respectively. The killing ratio of the human BL
cell line Raji infected by Ad-G and BH-1-G-dirs was 15.3 and
27.2%, respectively, and that of human TL cell line Jurkat was
12.4 and 20.2%. Although the virus did not replicate in SNK-6
cells, Ad-G and BH-1-G-dirs viruses still exhibited non-specific
inhibitory effects (8.5 and 8.2%). We supposed that the
non-specific inhibition effects were related with the induction
of apoptosis after the viral infection (5,24). BH-1-G-dirs was
constructed by deleting the internal repeat region including
one copy of the RS1, RL1, RL2 gene and mutated UL56, US1
gene for modeling NV1020 oncolytic virus, which has been
used in clinical trials and was demonstrated to have significant
potential for the treatment of many different types of solid
tumors (20,21).

We described in this study three recombinant viruses
including BAC-HSV-1-eGFP (BH-1-G), BAC-HSV-1-eGFP-
dIRs (BH-1-G-dirs) and Adv-eGFP (Ad-G) and demonstrated
that the HSV-1-derived vector BH-1-G infected and replicated
in human cutaneous TL Hut 78, human BL Raji and human
TL Jurkat cell lines more effectively than Ad-G. Compared
with Ad-G, the oncolytic ability of BH-1-G was the strongest
in the three lymphoma cells noted above. Thus, HSV-1 vectors
may become a useful tool for the study of the treatment of
lymphoma. Lymphoma is a heterogeneous disease comprising
numerous malignancies with different histogenesis and
biological characteristics, and different lymphoma cells may
have different sensitivities to infection and replication with
viral vectors. In our research, the results showed that the
difference in sensitivity to virus vectors among the four
lymphoma cells was significant. We also found that the human
cutaneous TL cell line Hut 78 is a good target for viral therapy
due to its high sensitivity to viral vectors, while viral therapy
may be not suitable for the human NK/T lymphoma cell line
SNK-6 due to its poor sensitivity to viral vectors. Further
screening and research in regards to viral therapy for
lymphoma both in vitro and in vivo is warranted so that viral
therapy can be effectively applied in the treatment of
lymphoma.
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