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inhibition of STAT-phosphorylation in these viruses
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It has been reported that interferon (IFN)-alpha/
amma signal transduction pathway is blocked in sev-
ral cell lines persistently infected with mumps virus
MV) through decrease of STAT-1a. Expression of the

V structural V protein (MV-V) or C terminal CYS-
ICH region of the V protein (MV-Vsp) inhibited the
stablishment of the antivirus state induced by IFN,
ut not by expression of the MV-P protein. Suppres-
ion of IFN-induced STAT-1a, STAT-2, and IRF-9 (p48)
nduction was also recognized in the cells transfected
ith expression vector of the MV-V (pTM-V) or MV-Vsp

pTM-Vsp) protein, eventhough it was in the absence
f the other virus protein. It is supposed that the
ystein-rich domain of V protein (Vsp) is involved in
he suppression of the IFN signal transduction
athway. © 2001 Academic Press

Key Words: interferon; mumps virus; V protein;
TAT-1.

In recent years, studies on a correlation between
iral pathogenesis and antiviral activity of IFN re-
ealed that most DNA and RNA viruses are able to
lock the IFN signal transduction pathway by various
istinct mechanisms or strategies, and to promote
heir replication in spite of the presence of IFN (1–8).
n the family paramyxoviridae, there was a specific
eduction in the level of serine 727 (S-727)-
hosphorylated forms of STAT-1a in sendai virus (SeV)
nd human parainfluenza virus type 3 (hPIV3) infected
ells (6, 7). On the other hand, a drastic decrease in
onstitutive level of STAT-1a and STAT-2 was found in
imian virus 5 (SV5) and hPIV2 infected cells, respec-
ively (7). Therefore, depletion of STAT proteins and

Abbreviations used: GAF, IFN-g activated factor; IFN, interferon;
RF, interferon regulatory factor; ISGF3, IFN-stimulated gene fac-
or-3; STAT, signal transducers and activators of transcription.
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nfected cells contributed to the subsequent failure in
SGF-3 and/or GAF transcription complexes which are
ssential for IFN signaling pathway.
Virus proteins involved in the block of IFN signaling
ere examined in SeV and SV5. The results indicated

hat the C protein of SeV and the V protein of SV5
ounteract the IFN-mediated induction of an antiviral
tate (2, 4, 6). Didcock et al. reported that expression of
he SV5 structural protein, in the absence of other
irus protein, inhibited IFN signaling and induced the
egradation of STAT-1 (2).
In addition to these viruses, it has been noted that
umps virus inhibits signal transduction pathways of

oth IFN-a and IFN-g through a decrease in the con-
titutive level of STAT-1a (3, 8, 9). A decrease in
TAT-1a results in the failure of ISGF-3 complex for-
ation, and brings about dysfunction of the IFN sig-

aling pathway. Mumps virus and SV5 belong to the
ame genus of Rublavirus of the family paramyxoviri-
ae based on gene map similarity and antigenic cross
eactivity. Therefore, it is expected that the dysfunc-
ion of IFN signaling pathway observed in SV5 struc-
ure V protein is also demonstrated in cells transfected
ith expression vector of MV structure V protein.

ATERIALS AND METHODS

Construction of expression vector and establishment of stable trans-
ormant. To construct pTM-V, pTM-P, and pTM-Vsp expression
ectors, the cDNAs were prepared from viral mRNA corresponding
o V and P proteins of MV. Total RNAs were isolated from FL cells
nfected with Torii strain of mumps virus using Isogene (Nippon
ene, Toyama, Japan) in accordance with the manufacturer’s proto-

ol, and then were treated with DNase to digest the contaminated
NA. The cDNA was prepared by RT-PCR method using rTth poly-
erase (Perkin Elmer, Branchburg, NJ) and appropriate primer set

or the target mRNA of P (MPPV-1/MPPR-1), V (MPPV-1/MPVR), or
2 amino acid residues of C terminal region containing CYS-RICH
omain (amino acid residues 188–220; WCNPICSPITAAARFHSCK-
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
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GNCPAKCDQCEDR) of V (Vsp) (VspV-2/MPVR) (Table 1). The
esultant of each cDNA was inserted into pTargeT vectors (Promega
orp. Madison, WI). Monolayer of FL cells grown to 50 to 70%
onfluence on 60 mm diameter culture dish was transfected with 0.5
g of vector DNA and 2 ml of Lipofectamine (Life Technologies Inc.)
ccording to the manufacturer’s instructions. The transfected cells
ere cultured with G418 to obtain stable transformants. Six, sixteen,
nd ten clones were isolated from FL cells transfected with pTM-V,
TM-Vsp, and pTM-P expression vectors, respectively (Table 1).
roduction of V and Vsp (C terminal CYS-RICH region) were con-
rmed by Western blot analysis using an anti MV-V monoclonal
ntibody which recognizes C terminal region of V protein. The anti-
ody was provided by Dr. Kato and Dr. Takeuchi (National Institute
f Infectious Diseases, Japan). Expression of the P gene was exam-
ned by RT-PCR method in the same manner as described above. All
solated clones were significantly positive for character of expression
or V, Vsp, or P gene (data not shown).

Induction of antiviral state by IFN. Induction of the antiviral
tate by IFN was examined in the same manner as described previ-
usly (10). Briefly, FL, FL/P, FL/V, and FL/Vsp cells (4 3 104 cells/0.1
l) were inoculated into each well of microplate (96 wells). After

ultivation for 24 h, the culture fluid of the microplate was discarded,
nd then 0.1 ml of the indicated titer of IFN-a (Serotec, Oxford, UK)
r IFN-g (Genzyme/Techne, Cambridge, MA) was inoculated into the
ell and further incubated for 24 h at 37°C. Thereafter, the culture
edium containing IFN was discarded and challenged with 0.1 ml of

esicular stomatitis virus (VSV; 2 3 104 PFU/ml). When cytopathic
ffect induced by VSV was obvious, the cells were washed and
tained with gentian violet solution for 5 min. The dye binding to the
ells was dissolved with methyl-cellosolve for 3 h, and its optical
ensity was measured at a 550 nm. Percentage of live cells was
alculated by the optical density. Furthermore, IFN-induced antivi-
al state was determined by reduction of VSV replication in cells
ransiently transfected with expression vector of pTM-V, pTM-Vsp,
r pTM-P. FL cells were plated at approximately 30–40% confluency
he day before transfection. The expression plasmids (10 mg) were
ransfected into the FL cells using Superfect transfection reagent
Qiagen, Hilden, Germany) according to the manufacturer’s instruc-
ion manual. After cultivation for 36 h, the transfectants were
reated with 103 IU/ml of IFN-a for 18 h. The culture medium was
iscarded and challenged with VSV at a multiplicity of infection
MOI) of 0.5 at room temperature. Virus titer in the culture fluid at
8 h after infection was determined by using Vero cells. Expression
f the target transcripts (V, Vsp, or P mRNA) was almost same level
mong the transiently expression cells of FL/pTM-P, FL/pTM-V, and
L/pTM-Vsp (data not shown). Stable clones of FL/P, FL/V, and
L/Vsp were cultured with 103 IU/ml of IFN-a for 24 h, and then the
ells were infected with VSV in the same manner described above.

Western blot analysis of the three components for ISGF-3 complex.
L, FLMT, and stable transfectant (FL/V, FL/Vsp, and FL/P) cells
ere treated with 103 IU/ml of IFN-a or IFN-g for 24 h. On the other

Expression Vectors and Cl

Primer 59-39 Positiona cD

PPU1 (sense)
PVR (anti-sense)

TTTCCGGGCAAGCCATGGAC
CTAAGGAGGTCCATAATCTC

1965–1984
2653–2634

V

spU2 (sense)
PVR (anti-sense)

TTATGAGGGGGGCCGGGAGC
CTAAGGAGGTCCATAATCTC

2433–2453
2653–2634

V

PPU1 (sense)
PPR (anti-sense)

TTTCCGGGCAAGCCATGGAC
GGTGAGTTCATATGGCGCTC

1965–1984
3159–3140

P

a Nucleotide positions were referred from mumps virus cDNA seq
256
and, experiments of transiently expression system were performed
o confirm the effect of Vsp on reduction of IFN-inducible gene
roducts. FL cells were transfected with pTM-Vsp expression plas-
id. After incubation for 36 h, the transfectant cells were treated
ith 10 IU/ml of IFN-a or IFN-g for 24 h. The cell pellets from stable

r transiently expression system were lysed by lysis buffer and
nalyzed by Western blot technique using appropriate antibodies
ncluding anti-PKR (Transduction Lab. Lexington, KY) and anti-
RF-1 (Santa Cruz Biotech, CA) antibodies as described previously
3, 8).

Enzyme assay. 29,59-oligoadenylate synthetase (2-5AS) activity
n cells was measured by the methods of liquid phase reaction. Cells
ere treated with 103 IU/ml of IFN-a for 24 h, and then cell packs
ere lysed by a lysis buffer at room temperature for 10 min. The
nzyme activity in supernatant was assayed using polyinosinate-
ytidylate and [3H]ATP in the same manner as described previously
10).

ESULTS AND DISCUSSION

ntiviral State Is Not Induced in Cells Expressing
V Protein

Establishment of antiviral state induced by IFN-a
r IFN-g was examined in these cloned cell lines in
he same manner as described previously (10). All
lones of FL/V and FL/Vsp series were completely
esistant to IFN-a or IFN-g treatment, and antiviral
ctivity of IFN was not recognized at all (Fig. 1).
eduction of IFN sensitivity in these clones was
emonstrated in the presence of 103 IU/ml of IFN-a
r IFN-g (data not shown). These results were sup-
orted by suppression of IFN-induced 29,59-
ligoadenylate synthetase (2-5AS) induction (Table
). However, IFN-mediated antiviral activity in all
lones of FL/P series was comparable to that of FL
ells in Fig. 1 (data not shown) and virus production
f VSV was significantly reduced by treatment with
FN (Table 2). Therefore, it is proposed that MV
tructural V protein or CYS-RICH region of V pro-
ein correlates with the dysfunction of IFN signal
ransduction pathway. Furthermore, in transiently
xpressing system, virus yield of VSV was not inhib-
ted by IFNs in cells expressing V or Vsp protein
Table 2). Same results of the viral replication were
lso obtained in each stable clone (Table 2). No re-

d Transfectant Cell Lines

Amino acids
residues

Expression
vector Cell lines

Isolated
clones

Reduction of
IFN-signaling

Full length,
224 a.a.

pTM-V FL/V 6 6

C terminal
region, 72 a.a.

pTM-Vsp FL/Vsp 16 16

Full length,
391 a.a.

pTM-P FL/P 10 0

ce of the genomic RNA (11).
one
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uction of yield after IFN treatment indicates that
ytopathic assay (Fig. 1) is not due to the result of
ccelerated cell killing caused by VSV infection in V
r Vsp expressing cells. Poor inductions of antiviral
tate and 2-5AS activity were strongly correlated
ith the expression of mumps virus V or Vsp protein

Table 2). Therefore, it is concluded that mumps
irus V protein inhibits the establishment of antivi-
al state induced by IFNs.

FIG. 1. Sensitivity of cloned cells to antiviral activity of IFN. Aft
iter of IFN-a (A) or IFN-g (B) and further incubated for 24 h at 37°
esicular stomatitis virus (VSV). When the cytopathic effect induced
or 5 min. The dye binding to the cells was dissolved and its optical

TABLE 2

Mumps Virus V or Vsp Protein Mediated Inhibition
of Antiviral State Induced by IFN

Expression
plasmid or

stable cell line
IFN-alpha
(103 IU/ml)

VSV
(pfu/ml)

Induction
of 2-5ASa

Antiviral
state

ransient system
None 2 7.6 3 107 4.4 2

1 2.4 3 102 186.6 1
pTM-P 2 6.4 3 106 5.2 2

1 1.2 3 103 107.0 1
pTM-V 2 1.5 3 107 5.0 2

1 7.0 3 106 12.3 2
pTM-Vsp 2 9.0 3 106 7.7 2

1 1.6 3 105 38.5 2
table cloned cell
FL/P 2 7.2 3 106 6.6 2

1 2.0 3 102 112.4 1
FL/V 2 2.8 3 107 6.0 2

1 1.0 3 107 8.4 2
FL/Vsp 2 5.4 3 107 6.0 2

1 6.0 3 107 6.4 2

a 2-5AS activity (nmol/mg per h).
257
oor Induction of STAT-1a, STAT-2, and IRF-9
in Cells Expressing V Protein

It is well known that STAT-1a is the essential compo-
ent for IFN-a and IFN-g signaling pathway to form
ranscription complex ISGF-3 and GAF. Didcock et al.,
oung et al., and we reported evidence showing a de-
rease of basal expression of STAT-1a and dysfunction of
esponse to IFN-a and IFN-g in SV5 or MV infected cells
2, 4, 7, 8, 9). After treatment with or without IFN, basal
nd IFN-induced levels of STAT-1a, STAT-2, and IRF-9
p48) were investigated in FL/V and FL/Vsp clones by

estern blot analysis using appropriate antibodies as
reviously described (3, 8). The basal/constitutive level of
TAT-1a in MV-persistently infected cells (FLMP) was

ower than that in uninfected FL cells, but not STAT-2
nd IRF-9 (Fig. 2, lanes 1 and 4). Furthermore, little
nduction of the tree components for ISGF-3 transcrip-
ion complex was found in the FLMP cells treated with
03 IU/ml of IFN-a (Fig. 2, lanes 2 and 5) or IFN-g (Fig.
, lanes 3 and 6). These results were consistent with
hose reported previously in our laboratory (3, 8). Re-
ponse of FL/P clones to IFN-a and IFN-g was identical to
hat of uninfected FL cells (Fig. 2, lanes 7, 8, and 9). On
he contrary, in FL/V clones, STAT-1a, STAT-2, and
RF-9 were hardly induced by IFN treatment (Fig. 2,
anes 11, 12, 24, and 15). Drastic decrease in basal levels
f STAT-1a was also found in these cells (Fig. 2, lanes 10
nd 13). The absence of STAT-2 and IRF-9 induction
fter IFN treatment may be a result of a decrease in basal
evel of STAT-1a. The N-terminal region is common be-
ween the V and P proteins in MV, but the C terminal
YS-RICH region of V protein is different from that of P

ultivation of cells for 24 h, the cells were treated with the indicated
Thereafter, the culture medium was discarded and challenged with
VSV was obvious, the cells were stained with gentian violet solution
sity was measured.
er c
C.
by
den
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rotein. No effect on a decrease in STAT-1a was demon-
trated in FL/P clones (Fig. 2, lanes 7, 8, and 9). There-
ore, it is suggested that the C terminal region (72 amino
cid residues) of V protein participates in a decrease of
TAT-1a. As expected, Fig. 2 shows that a decrease in
TAT-1a in FL/Vsp clones was comparable to those of
LMT and FL/V. Furthermore, transiently expressing
ystem also supported that poor induction of IFN-
nduced antiviral state (Table 2) is due to the failure of
KR induction through a decrease in basal levels of
TAT-1a in Vsp-expressing cells (Fig. 3). Reduction of
asal levels of STAT-1a was demonstrated in FL cells
ransfected with pTM-Vsp as compared with control cells
Fig. 3, lanes 1 and 4). As expected, IFN-induced STAT-
a, PKR, or IRF-1 induction was strongly suppressed in
L cells expressing Vsp protein (Fig. 3, lanes 5 and 6).
he results for poor induction (mRNA and protein) of
KR and IRF-1 were also shown in stable clones of FL/V
nd FL/Vsp (data not shown). A small amount of
TAT-1a was inducible by treatment with IFN-a or
FN-g in transient expression of Vsp. The induction may
e due to lower levels of Vsp expression in a transient

FIG. 2. Western blot analysis for STAT-1a, STAT-2, and IRF-9
U/ml of IFN-a (lanes 2, 5, 8, 11, and 14) or 103 IU/ml of IFN-g (lanes
, 3, 5, 6, 8, 9, 11, 12, 14, and 15), and then STAT-1a, STAT-2, and

FIG. 3. Effect of Vsp expression on induction of IFN-inducible
enes. After cultivation of FL cells transfected with control pTM
ector (lanes 1–3) or expression plasmid pTM-Vsp (lanes 4–6) for
6 h, the cells were treated with IFN-a (lanes 2 and 5) or IFN-g
lanes 3 and 6) for 24 h. The cell lysates were analyzed by Western
lot technique.
258
xpression system than those in a stable expression sys-
em and persistently infected cells.

Disappearance of STAT-1a in FLMP, FL/V, and FL/
sp cells may be due to protein degradation because

here was an almost similar level of STAT-1a tran-
cripts (mRNA) between control FL cells and the oth-
rs as described previously (3, 8). The decrease in basal
nd induced levels in STAT-1a is thought to be caused
y its degradation through proteasome pathway. Re-
ently, Didcock et al., reported that the V protein of
V5 inhibits IFN signaling, and induces the degrada-
ion of STAT-1a, but not STAT-2 (2). The V protein of
V5 is almost identical to that of MV in the C terminal
YS-RICH region. The identity may indicate that
TAT-1a disappeared through the function of MV-V
rotein. To address this question, the effect of the
roteasome inhibitors, MG132 (Peptide Institute Inc.,
ino, Osaka, Japan) on the levels of STAT-1a was

xamined in FLMT, FL/V, and FL/Vsp cells. MG132
artly inhibited the degradation of STAT-1a in these
ells and basal levels of STAT-1a was detectable in the
resence of MG132, though the recovered levels was
ower than that of FL cells (unpublished data). On the
ontrary, E64d (lysosome inhibitor; Peptide Institute
nc., Mino, Osaka, Japan) had no effect on restoration
f STAT-1a (data not shown).
C terminal CYS-RICH region of V protein could con-

ribute to the failure of transcription complex forma-
ion (ISGF-3 and GAF) through decrease of STAT-1a.
owever, the restoration levels of STAT-1a was inad-

quate in spite of treatment of MG132. Therefore, it
ould not be excluded that there are some mechanisms
o promote the degradation of STAT-1a other than
roteasome system.
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