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In comparison to wild-type herpesvirus saimiri, viral interleukin-17 gene knockout mutants have unaltered
behavior regarding viral replication, T-cell transformation in vitro, and pathogenicity in cottontop tamarins.
Thus, this gene is not required for T-cell lymphoma induction but may contribute to apathogenic viral per-
sistence in the natural host, the squirrel monkey.

Herpesvirus saimiri does not cause disease in its natural
host, the squirrel monkey (Saimiri sciureus). In other New
World primate species, such as common marmosets (Callithrix
jacchus) or cottontop tamarins (Saguinus oedipus), this virus
induces acute T-cell lymphoma (6, 10, 15). Moreover, virus
strain C488 is capable of transforming human T cells in cul-
tures to stable interleukin-2 (IL-2)-dependent growth (2, 8).
Virus gene expression in the transformed human T-cell lines is
mostly restricted to the transforming gene stpC/tip and to the
viral superantigen homolog gene ie14/vsag (9, 14, 22). Whereas
stpC/tip is essential for transformation, deletion of vsag neither
affects the capacity of the virus to transform T cells in cultures
nor to induce T-cell lymphoma in cottontop tamarins (6, 14,
15). The neighboring viral gene ORF13 has a cellular homolog,
initially called CTLA8 (18). Functional analysis of the ORF13
and CTLA8 products has led to their identification as viral
IL-17 (vIL-17) and cellular IL-17. Cellular IL-17 is exclusively
produced by activated CD41 T cells. vIL-17 has been demon-
strated in the supernatants of infected permissive owl monkey
kidney (OMK) cultures by immunoprecipitation. Both cellular
IL-17 and vIL-17 induce stroma cells to secrete prostaglandin
E2, IL-6, IL-8, and granulocyte colony-stimulating factor (11,
19, 21, 23). IL-17 promotes the proliferation of CD341 pro-
genitor cells and their differentiation into neutrophil granulo-
cytes (11). Moreover, IL-17 has been shown to support T-cell
proliferation (21). Thus, the functional role of the viral ho-
molog ORF13/vil-17 in T-cell transformation and virulence
needed to be elucidated.

MATERIALS AND METHODS

Construction of virus mutants. Knockout mutants of herpesvirus saimiri C488
(3, 5) were constructed by homologous recombination according to published
procedures (8, 14). Plasmid x50 contains a 3,716-bp XbaI fragment of C488
including vil-17 at nucleotides (nt) 1055 to 600 (14; accession no. Y13183). The
neor gene from pSV2neo was inserted in an antisense orientation relative to
vil-17 into the XmnI cleavage site at nt 1040, shortly after the vIL-17 initiation
codon at nt 1055. The genotype of the recombinant virus clones was confirmed

by Southern blotting of HindIII- and BglII-digested virus DNA and by hybrid-
ization with both virus- and neor-specific radiolabeled probes. Moreover, the
mutant viruses and transformed cells were analyzed by PCR for stpC, vsag, and
vil-17 DNAs (14).

T-cell assays. Virus culturing, T-cell culturing, and T-cell transformation as-
says were done according to published protocols (8, 14). Phytohemagglutinin
(PHA)-activated primary T cells from peripheral blood of C. jacchus and Sagui-
nus fuscicollis were repeatedly stimulated with irradiated human feeder cells (120
Gy) and PHA (5 mg/ml) at intervals of at least 1 month and expanded in the
presence of low concentrations of IL-2 (10 U of Proleukin per ml; Chiron,
Ratingen, Germany) in order to obtain sufficient material for parallel in vitro
transformation experiments. In addition, experiments were performed with fresh
blood cells of four C. jacchus donors. In this case, the transformation assay was
done without exogenous IL-2. Human T cells which were transformed by wild-
type or mutant viruses were analyzed by flow cytometry with directly labeled
antibodies against CD3, CD4, CD8, CD45, CD56, and CD69 (Becton-Dickinson,
Heidelberg, Germany) and were further tested for CD2 hyperreactivity accord-
ing to published procedures (14, 16). For this purpose, transformed T cells (5 3
104) were incubated alone or in the presence of antibody and/or 5 3 104 stim-
ulator cells in 200 ml of complete RPMI 1640 medium. The rat monoclonal
antibody 39C1.5 (Immunotech, Marseille, France) recognizing the human T11.1
epitope on the CD2 molecule was used in stimulation and blocking assays at 1
mg/ml. Cell line L428 from human Hodgkin’s lymphoma was applied as a source
of cell-bound CD58, which binds to CD2. Murine B-cell line A20 does not
provide functional CD58 but carries large amounts of Fcg receptors used for
cross-linking the stimulatory antibody 39C1.5. Combined stimulation by PHA
(1 mg/ml) and L428 cells served as a positive control. The supernatants were
harvested after 24 h. Human gamma interferon (IFN-g) and tumor necrosis
factor alpha (TNF-a) antibody pairs (Genzyme, Rüsselsheim, Germany) were
applied to determine cytokine concentrations by triplicate enzyme-linked immu-
nosorbent assays (ELISA) of 1:100-diluted culture supernatants.

Animal experiments. The Institutional Animal Care and Use Committee at
the Biomedical Research Centre (Rijswijk, The Netherlands) approved the study
of vil-17 mutant viruses in cottontop tamarins (S. oedipus). Wild-type C488 as
well as mutants 13-1.9 and 13-2.11 (107 PFU in 1 ml of cell-free culture super-
natant in Dulbecco’s minimal essential medium) were intravenously injected
each into two naive, purpose-bred S. oedipus monkeys in parallel to published
experiments with ie14/vsag deletion mutants (15). A high dose was chosen to
avoid limiting conditions of infection. Animals R207 and R217 received wild-type
virus, B133 and R178 received mutant 13-1.9, and B198 and R226 received
mutant 13-2.11. The animals were euthanatized when illness was evident. Au-
topsy and histological analysis were performed. Blood samples of 1.5 ml each
were taken prior to infection, at weekly intervals, and prior to euthanasia. Virus
isolation experiments were performed on all blood samples obtained after in-
fection. Cytokine concentrations in monkey plasma were determined with
ELISA for IFN-g (Genzyme) and for IL-17 (Biosource, Fleurus, Belgium). The
IL-17 test was found to recognize cellular IL-17 even from cottontop tamarins
but did not recognize vIL-17. Cells from peripheral blood and autopsy samples
were cultured without IL-2 in a 1:1 mixture of RPMI 1640 medium and CG
medium (Vitromex, Selters, Germany) supplemented with fetal bovine serum
(10%), glutamine, and gentamicin (8, 15). Stably growing cells were analyzed by
genomic PCR for vil-17 and for the neighboring gene vsag as a positive control.
Flow cytometry analysis was performed with the ex vivo cell lines and with fresh
peripheral blood mononuclear cells (PBMC) by use of cross-reactive monoclonal
antibodies which had been generated against human CD2, CD3, CD4, CD8,
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CD14, CD20, CD25, CD28, CD29, CD38, and HLA-DR (15). All assays for in
vitro transformation and pathogenesis were performed in parallel to the tests of
vsag deletion mutants (14, 15).

RESULTS

vil-17 is lytically expressed. The pattern of expression of
vil-17 of wild-type herpesvirus saimiri C488 was studied by
various methods. Northern blots with total or polyadenylated
RNA were negative, even with RNA from infected OMK cells.
We further tried to demonstrate the viral protein by ELISA
and Western blotting with cross-reactive monoclonal antibody
5 according to published procedures (11). Western blotting

with chemiluminescence detection was not sufficiently sensitive
to detect vIL-17. In ELISA, a weak signal was detected only in
supernatants of semipermissive transformed marmoset T cells
and not of transformed human T cells. Finally, we applied
an RNase protection method (20) to enhance the sensitivity for
the detection of vil-17 transcripts. The RNA probe spanned
378 bp of viral sequence starting at the SpeI restriction site
within the vil-17 reading frame and including 213 nt upstream
of the vIL-17 initiation codon. Protected fragments were ob-
served in RNA samples from lytic cultures only. Signals were
observed in virus-producing transformed C. jacchus P-1079 T
cells (9) and in virus-infected OMK cells. Nonproductive hu-
man T cells (CB-15, CB-23) did not show this band, even after
phorbol ester (tetradecanoyl phorbol acetate, 2 ng/ml) stimu-
lation. The intensity of the vil-17 signals was generally low. The
long exposure times explain the relatively high background
seen in all cell types that contained viral DNA. The protected
fragment of 217 nt corresponds to a transcription start site 52
nt upstream of the IL-17 initiation codon (Fig. 1).

vil-17 mutant viruses have unaltered replication and T-cell
transformation properties. In order to study the functional
relevance of the vil-17 gene, virus mutants 13-1.9 and 13-2.11
were selected from two independent experiments in order to
minimize any bias from spontaneous mutations elsewhere in
the herpesvirus genome. The viruses carried the antisense-
oriented neor gene at a position close to the N terminus of
vIL-17 (Fig. 2A). The mutation was confirmed by Southern
hybridization and PCR (Fig. 2B and C). As the vil-17 coding
sequence had been disrupted and not deleted, the transcription
of the mutated vil-17 gene was analyzed in order to exclude
artificial expression. Such expression seemed unlikely, as the
end of the neor fragment did not provide promoter or initiation
codon sequences. RNase protection assays were performed
with a probe template which contained 229 nt of the vil-17
reading frame and 328 nt of the 59 part of neor, thus spanning

FIG. 1. Lytic transcription of vil-17. RNase protection analysis was per-
formed to demonstrate vil-17 transcripts of wild-type herpesvirus saimiri C488.
Protected fragments were observed in RNA samples from lytic cultures only. The
signal was observed in virus-producing transformed C. jacchus P-1079 T cells (9)
and in virus-infected OMK cells. Nonproductive human T cells (CB-15, CB-23)
did not show this band, even after phorbol ester (tetradecanoyl phorbol acetate
[TPA]) stimulation. The protected fragment of 217 nt corresponds to a tran-
scription start site 52 nt upstream of the vIL-17 initiation codon. The probe
template comprises 378 bp of viral sequence starting at the SpeI restriction site
within the open reading frame and including 213 nt upstream of the vIL-17 ATG.

FIG. 2. Construction and confirmation of vil-17 mutants of herpesvirus saimiri C488. (A) The neor gene from plasmid pSV2neo was inserted in the antisense
orientation into the XmnI cleavage site of plasmid x50 (14; accession no. Y13183) a few nucleotides downstream of the start codon for vIL-17. (B) Southern blots were
prepared with HindIII-digested viral DNA from wild-type virus and from cloned vil-17 mutants from two independent recombination experiments. After hybridization
with the radioactively labeled insert from plasmid x50, the expected band sizes for both the wild-type (given on the right) and the mutant (given on the left) viruses
were observed. (C) The presence of the mutation in recombinant viruses was confirmed by PCR for vil-17, whereas the stpC gene was present in all samples. (D) In
order to exclude potential artificial transcripts initiated within the SV2neo cassette, RNase protection assays were performed. The riboprobe comprised the transition
region from the neor gene to the vil-17 open reading frame. Whereas wild-type viruses showed the protected fragment corresponding to the viral sequence (229 nt),
protected fragments were not observed in RNA from mutant virus-infected OMK cells.
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the junction site between vil-17 and neor. The full-length un-
digested RNA probe was detectable as a faint band in mutant
virus-infected OMK cells. There were no indications of an
artificial transcript of the mutant gene. Protected fragments
were observed with wild-type virus-infected OMK cells at the
expected sizes but not with cells infected with mutant viruses
(Fig. 2D).

Replication at low titers was unchanged, as the mutant vi-
ruses had been easily cloned by plaque purification. The vi-
ruses were grown to titers of 107 PFU/ml and used for in vitro
transformation and pathogenicity tests. T cells of humans and
monkeys (C. jacchus and S. fuscicollis) were efficiently trans-
formed in cultures in the presence of 10 U of IL-2 per ml
(marmoset cells) or 50 U of IL-2 per ml (human cells) (Table
1). The presence of the mutation in transformed T cells was
confirmed by PCR for the vil-17 and vsag genes.

The surface phenotype of transformed T cells without the
vil-17 gene was not altered compared to that of wild-type virus-
transformed cells. Human T cells expressed CD4 or CD8,
CD3, CD45, CD56, and CD69, as expected. Moreover, the
typical hyperreactivity to CD2 stimulation (14, 16) was not
altered by the mutation. This hyperreactivity is not found in
untransformed T cells. The mutant and wild-type virus-trans-
formed cells reacted equally on CD2.1 stimulation by secreting
IFN-g and TNF-a (Table 2).

Mutation of vil-17 does not block pathogenicity. The mutant
viruses were further studied for their pathogenetic potential in
vivo. At day 15 or 16 after infection with wild-type or mutant
viruses, all six S. oedipus monkeys developed severe disease.
Animals R207, B133, R178, and R226 had profound diarrhea.
At necropsy, severely enlarged mesenteric lymph nodes were

observed in animals R207, R217, B133, B198, and R226. The
kidneys in animals R207, R217, B133, and B198 had an irreg-
ular red and white speckled appearance and, upon histological
analysis, revealed infiltration of neoplastic lymphoid cells. The
adrenal glands of animals R217 and B198 were hemorrha-
gic. Animals R207, R217, R178, B198, and R226 had signs of
enteropathy. Whole-blood flow cytometry yielded moderately
increased numbers of memory-type CD41 CD291 cells. Dou-
ble staining for CD14/CD4, CD20/HLA-DR, CD2/HLA-DR,
CD2/CD28, and CD2/CD38 did not reveal significant changes,
nor did the absolute numbers of T cells (CD21) and B cells
(CD201). The absolute numbers of granulocytes and mono-
cytes tended to decrease during the course of infection. Giem-
sa-stained blood smear slides indicated a terminal relative in-
crease in lymphocyte numbers and a decrease in granulocyte
counts regardless of the virus genotype. The IL-17 and IFN-g
plasma levels were measured by ELISA. Animals with terminal
disease had increased cellular IL-17 titers and strongly elevat-
ed levels of IFN-g (Table 3).

Cell cultures from blood samples and from samples of var-
ious organs (thymus, spleen, liver, kidney, and axillary, mesen-
teric, and inguinal lymph nodes) were used to establish lym-
phoma cell lines and to isolate virus. At day 7 after infection,
ex vivo T-cell lines were established, whereas virus isolations
failed. At day 14 after infection, virus was isolated from PBMC
of all animals (8, 15). Ex vivo T-cell lines were regularly ob-
tained from PBMC (day 14 and terminal) and from thymus,
spleen, and lymph nodes at autopsy. These IL-2-independent
cell lines expressed CD2, CD3, CD4, CD8, CD25, and major
histocompatibility class II antigen. All the cell lines expressed
CD8 with variable coexpression of CD4 (10 to 100%).

PCR with DNA from cell lines of each animal demonstrated
the presence of viral genomes and verified the respective ge-
notype (wild type or mutant). Whereas cells from wild-type
virus-infected animals were positive for both vil-17 and vsag,
those from mutant virus-infected monkeys contained vsag but
not vil-17 (Fig. 3). The presence of viral genomes was con-
firmed by hybridization of Gardella in situ lysis Southern blots
(8).

The rapid onset of disease argues for polyclonal transforma-
tion events due to simultaneous infection of T cells. Tumor
clonality was not investigated, because essential species-spe-
cific reagents are not available. Histology revealed peripheral
pleomorphic T-cell lymphoma with characteristic follicular
lysis in lymph nodes and infiltration of multiple organs. No
apparent differences in tumor morphology or metastasis were
caused by viruses with or without vil-17.

Genes 12, 13, and 14 are nonessential for replication and
transformation. We recently isolated a virus mutant (488CD-

TABLE 1. In vitro transformation of human and marmoset T cells

Donora Species Mob

No. of successful transformation/
no. of attempts for virus:

C488
(wild type)

13-1.9
(Dvil-17)

13-2.11
(Dvil-17)

5772774 Human 12 4/4 3/4 3/4
120-CB Human 6 2/2 2/2 2/2
RA-CB Human 6 2/2 2/2 2/2
SU C. jacchus 6 1/1 NDc 1/1
87 S. fuscicollis 6 2/2 2/2 2/2
89 S. fuscicollis 6 2/2 2/2 2/2

Total 13/13 11/12 12/13

a CB, cord blood.
b Months of culture.
c ND, not done.

TABLE 2. CD2 hyperreactivity of transformed human T cells resulting in the production of IFN-g or TNF-a

Cell line/
stimulanta

Cytokine production by cells transformed with the indicated virusb

IFN-g (ng/ml) TNF-a (ng/ml)

C488A C488B 13-1.9A 13-2.11A C488A C488B 13-1.9A 13-2.11A

None (medium) 1.84 2.01 2.87 3.51 0.11 0.13 0.19 0.15
L428/PHA 37.54 43.24 54.64 52.55 2.61 2.13 2.44 2.53
L428 25.60 28.50 38.66 36.10 2.32 1.67 1.71 1.55
L428/aCD2 4.91 2.42 3.58 3.41 1.25 0.72 0.83 0.67
A20 3.00 1.71 1.88 4.25 0.25 0.12 0.14 0.08
A20/aCD2 16.09 12.37 13.35 20.43 1.02 0.80 0.74 0.78

a The cell lines resulted from the experiment with donor 120-CB (Table 1).
b Suffix A or B identifies independent parallel cell lines obtained with the indicated viruses.
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1) which had a spontaneous deletion of the vil-17 gene. The
deletion was defined by Southern blotting and PCR sequencing
of products generated with primers in ORF10 (position 24069,
according to the sequence of strain A11; accession no. X64346)
and downstream of ORF15 (position 29820). The deletion
border sites mapped to nt 25654 and 29022, thus eliminating
ORF12, ORF13, and ORF14 entirely and truncating ORF11
by one third at the C terminus (286 of 505 amino acids were
retained). In cultures, this virus mutant was capable of trans-
forming T cells from humans and cottontop tamarins. In ad-
dition, mutant 488CD-1 was able to transform nonstimulated
primary T cells of four different common marmoset (C. jac-
chus) donors in the absence of exogenous IL-2. Concerning the
transformation potential of 488CD-1, differences were not ob-
served from wild-type virus C488 and from individual ORF13
or ORF14 mutants (13-1.9, 13-2.11, 14-3.10, and 14-4.6). Thus,
all three virus genes (ORF12, ORF13, and ORF14) are dis-
pensable for virus replication and in vitro T-cell transforma-
tion.

DISCUSSION

The transforming and pathogenic properties of wild-type
virus were abolished by deletion of the transforming gene stpC
(12, 13, 17) and of tip, whose gene product specifically interacts
with tyrosine kinase Lck of T cells (4). While transforming

capacity was lost, virus replication was not influenced (6, 7, 14).
In addition to the transformation-associated genes stpC, tip,
and vsag (14), vil-17 was one of the main candidates to con-
tribute to transformation and pathogenesis. However, as dem-
onstrated in this study, disruption of this gene did not influence
the virus functions analyzed. We conclude that vil-17 is dis-
pensable for lytic virus replication, in vitro transformation of
simian and human T cells, and pathogenicity in cottontop
tamarins. Our previous work with similar assays showed that
the neighboring gene vsag is also nonessential (14, 15). The
results for the separate mutations of vil-17 and vsag were con-
firmed by the spontaneous combined deletion of genes 12 to 14
in mutant 488CD-1. In contrast to vsag, which is strongly tran-
scribed in stimulated transformed human T cells (14), vil-17 is
expressed only during lytic virus replication. Low levels of
transcripts and protein were detected in lytically infected OMK
cells and in semipermissive transformed marmoset T cells.
Since vIL-17 is able to induce IL-8 in fibroblasts and epithelial
cells (11), positive feedback regulation might be possible via
the lytically expressed vIL-8 receptor (1, 9, 14). Although the
presence of vil-17 does not seem to be critical for pathogenic-
ity, it remains to be seen whether vil-17 plays a role in
perinatal transmission or apathogenic persistence in squirrel
monkeys (S. sciureus), which are regularly infected by the
virus.
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