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uMMARY The sensitivities to human leukocyte interferon of 10 strains of Herpes
S simplex virus (HSV) type 1 and 3 strains of type 2 were compared. All the
strains were sensitive to interferon, although their sensitivities were less than that of
vesicular stomatitis virus (VSV). There was no significant difference in the sen-
sitivities to interferon of HSV type 1 and type 2 or among different strains of a given
type of HSV. Nor was there any difference between the sensitivities of 5-iodo-
2’-deoxyuridine (IDU)-sensitive and resistant strains isolated from the same patients.
These results suggest that interferon should be useful in therapy of HSV infection,

INTRODUCTION

Recently, human interferons have been used
clinically in therapy of various kinds of viral
diseases (Greenberg et al., 1976; Desmyter
et al., 1976; Kingham et al., 1977; Weimar et
al.,, 1977; Merigan et al., 1978; Emédi et al.,
1975; Sundmacher et al., 1976; Pallin et al.,
1976; Kobza et al., 1975; Larsson et al., 1976)
and malignant neoplasmas (Falcoff et al,,
1966; Idestrom et al.,, 1979; Blomgren et al.,
1976; Strander et al,, 1974; Merigan et al.,
1978; Sawada et al., 1979). It is surprising
that a large dose of interferon is necessary to

obtain good results in therapy of viral diseases,
especially infections with Herpes zoster (HZV)
(Weimar et al.,, 1977; Emédi et al., 1975) and
Herpes simplex virus (HSV) (Sundmacher et
al., 1976; Pallin et al., 1976; Kobza et al,,
1975). In general, Herpes viruses are more
resistant to interferon than other viruses, such
as vesicular stomatitis virus, Mengo virus and
influenza virus (Toda et al., 1972). However,
there are few data on differences in sensitivity
to interferon of the two types of HSV or of
different strains of a given type of HSV.
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There are two opinions about the sensitivity
of HSV to interferon. One is that type 2
HSV is more sensitive than type 1 (Kern et
al., 1975). The other is that there is no dif-
ference In the sensitivities of the two types
(Menezes et al., 1976; Lerner and DBailey,
1976). It was very important from a clinical
viewpoint to determine whether there are in
fact differences in sensitivity between the two
types of HSV and among different strains of
the two types.

5-Todo-2’-deoxyuridine (IDU) is a potent
antiviral agent, which is used in therapy of
dentritic keratitis caused by HSV type 1.
However, strains that are resistant to IDU
have increased, making it difficult to cure this
disease with IDU. In the present study, we
examined the sensitivities to human leukocyte
interferon of the two types of HSV, different
strains of the two types, and IDU-resistant
and IDU-sensitive strains.

MATERIALS AND METHODS

1. Cells

Human embryonal fibroblasts, grown and main-
tained with Eagle’s minimum essential medium
(MEM) supplemented with 109 fetal bovine serum
(FBS), were used for determination of the sensitivity
of HSV to interferon. Vero cells, grown and main-
tained in the same manner as human embryonal
fibroblasts, were used for isolation and propaga-
tion of HSV. FL cells, also grown and main-
tained in the same way as human embryonal fibro-
blasts except that MEM was supplemented with
59, FBS instead of 109 FBS, were used for titra-
tion of interferon activity and propagation of HSV
and vesicular stomatitis virus (VSV). CV-1 cells,
grown and maintained with MEM and YLE (Yeast
extract and lactalbumin hydrolysate in Earle’s
solution) (YLM) supplemented with 109% donor
calf serum, were used for isolation of HSV.

2. Viruses

Ten strains of HSV type 1 and 3 strains of HSV
type 2 were used. T'wo strains of type 1 (Miyama
and HF strain) and one strain of type 2 (UW 268
strain) were kindly supplied by Prof. S. Nii, De-
partment of Virology, Okayama University School
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of Medicine, Okayama, Japan. Three strains of
type 1 (TK, ADC and MAD strain) and one strain
of type 2 (HOK strains) were isolated by inoculating
vesicle fluid from patients onto Vero cells. HSV
type 2 (186 strain) was a laboratory strain and was
passaged on Vero cells. The Seibert strain of type
1 was kindly supplied by Dr. Takahashi, Research
Institute for Microbial Diseases, Osaka University,
Osaka, Japan. All these strains were propagated
in Vero cells except the Miyama strain (Type 1),
which was propagated in FL cells. The WT20
and WT34 strains of type 1 were isolated by in-
oculating tears or cells taken from the corneal
epithelium of a patient by gentle abrasion onto CV-1
cells. The WT51 and WT90 strains were isolated
from another patient in the same way as the WT20
and WT34 strains. The WT34 and WT51 strains
were sensitive to IDU, while the WT20 and WT90
strains were resistant to IDU (Hirano et al., 1979).

The New Jersey strain of vesicular stomatitis
virus (VSV) was propagated in FL cells, and used
for titration of interferon activity. Virus suspen-
sions were stocked at —80°C until used for experi-
ments.

3. Iuterferon

Human leukocyte interferon was kindly supplied
by Dr. A. Matsuo, Green Cross Corp., Osaka, Japan.
This interferon was produced by infecting human
peripheral leukocytes with the Sendai virus, col-
lecting the supernatant 24 h later, and adjusting it
to pH 2 with 1 N HCIL. Four days later, the solu-
tion was neutralized with 1 N NaOH, concentrated
and purified by adsorption chromatography on SP-
Sephadex C-25 and gel filtration on Sephadex G-
100. Its specific activity was 2.7x10* IU/mg
protein.

4. Method for deteyrmination of the sensitivity of
virus to interferon

Doses of 1x10* IU/ml of human leukocyte inter-
feron in 0.1 ml of Eagle’s MEM containing 5% FBS
were added to monolayers of human embryonal
fibroblasts in wells of microtiter plates (A/S NUNK,
Denmark). As controls, monolayers were treated
with Eagle’s MEM not containing human leukocyte
interferon. After incubation for 24 h at 37°C in
a humidified 59 CO, atmosphere, the medium was
removed and 0.1 ml samples of serially 5-fold dilu-
tions of each strain of HSV or VSV were added.
The plates were sealed with a transparent adhesive



plastic cover and incubated, and two and three days
later, cytopathic effects (CPE) were examined. The
50% tissue culture infectious dose (T'CID;,) was
calculated and expressed as an index number of
5. The TCIDg/0.1 ml in interferon-treated cul-
tures was compared with that in control cultures
treated with medium only. The sensitivity of HSV
to interferon was expressed as the difference be-
tween the index numbers of interferon-treated cul-
tures and control cultures. Differences in index
numbers were evaluated statistically by analysis of
variance and the t test.

RESULTS

1. Differences in sensitivities of HSVs and
VSV to interferon

In general, VSV is very sensitive to inter-
feron (Toda et al,, 1972). 'Therefore, the sen-
sitivities of HSVs to interferon were compared
with that of VSV as a positive reference con-
trol. The difference of the index number of
TCIDg, was 5.75 in VSV, but ranged from
1 to 3 in HSVs (Table 1). Thus VSV was
more sensitive to interferon than HSVs,

2.

Difference in sensitivities to interferon of
HSV type 1 and type 2

The difference between the sensitivities of
type 1 and type 2 to interferon was examined,
The differences of the index numbers ranged
from 1.5 to 2.75 in HSV type 1 and from 1 to
3 in HSV type 2. Thus there was no signifi-
cant difference between the sensitivities of
HSV type 1 and type 2 to interferon by the t
test (p>>0.05) (Table 1).

3. Differences in sensitivities to interferon
among strains of HSV type T and among strains
of HSV type 2

The differences in sensitivities to human
leukocyte interferon among 6 strains of HSV
type 1 and among 3 strains of HSV type 2
were examined. No significant difference
was found in the sensitivities to interferon
among the strains of HSV type 1 or among
the strains of HSV type 2 by analysis of vari-
ance (p>0.01, p>0.01, respectively) (Table
1.

TasLe 1. Differences in sensitivity of HSVs and to human leukocyte interferon®

Viruses vsve HSV? type 1 HSV type 2
Expt. No. TK Seibert ADD MAD Miyama HK 186 HOK UW268
Expt. 1 5.75 2.75 275 2.0 275 2.5 2.75 2.5 225  2.75
(5.75 (1.5 (.25 (1.75) (2.25) (2.0) (2.75)  (2.75) (3.0) (2.25)
Expt. 2 ND¢ 2.5 2.0 2.0 3.0 2.0 2.0 3.0 2,75 2.25
2.5 (.00 (.75 (2.25 (2.0) (.75 (3.0) (2.75) (1.0)
Expt. 3 ND 275 225 175 2.0 2.0 2.5 2.75 2.0 1.25
(2.75) (2.5)  (1.75) (2.25) (2.5 (2.75) (2.5 (2.25 (2.0)

¢ 0.1 ml of human leukocyte interferon (1 X 10* IU/ml) was added 24 h before inoculation of the virus. After
incubation for 2-3 days, CPE or giant cell formation was observed and the TCID;, was calculated and
expressed as an index number of 5. The sensitivity of HSV to human leukocyte interferon was ex-

pressed by the difference between the index numbers of interferon-treated and control cultures.

Figures

in the table indicate differences of the index numbers of interferon-treated and medium-treated and
control groups on day 2. Figures in parentheses indicate differences in the index numbers on day 3.

o

Herpes simplex virus.
Vesicular stomatitis virus.
Not determined.
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4. Difference between sensitivities to interferon
of IDU-resistant and IDU-sensitive strains

The sensitivity of an IDU-resistant strain to
interferon was compared with that of an IDU-
sensitive strain, isolated from the same patient.
There was no significant difference in the sen-
sitivities of the two strains by analysis of vari-
ance (p>0.01) (Table 2). Furthermore, there
was no difference in the sensitivities to inter-
feron between HSVs of two patients and the
Miyama strain by analysis of variance (p>
0.01) (Table 2).

DISCUSSION

Human interferons are used in treatment of
HSYV infection in humans (Sundmacher et al.,
1976; Pallin et al., 1976; Kobza et al., 1975),
and it has been shown that they are effective
against HSV infection, although in general,
HSYV is more insensitive to interferon in vitro
than other viruses, such as vesicular stomatitis

virus.

There are two contradictory opinions (Kern
et al., 1975; Lerner et al., 1976; Menezes et al.,
1976) with regard to differences in sensitivity
of HSVs to interferon. Therefore, it was
clinically important to compare the sensitivi-
ties to interferon of HSV type 1 and 2 and of
different strains of HSV. The present study
showed that there was no difference between
the sensitivities of type 1 and 2 or among the
sensitivities of strains of HSV. Nor was
there any difference between the sensitivities
of IDU-resistant and IDU-sensitive HSVs
isolated from the same patients. This sug-
gests that interferon should be effective in
treatment of IDU-resistant herpetic keratitis.
As results in vitro do not always coincide with
those in vivo, we are now planning to compare
the sensitivities to interferon of IDU-resistant
and -sensitive strains in rabbits with herpetic
keratitis.

TABLE 2. Difference in sensitivities to interferon of IDU-resistant and IDU-sensitive strains®

HSV? type 1
Viruses vsvye
Expt. No. WT 34 WT 20 WT 51 WT 90 Miyama
IDU-S°¢ IDU-R? IDU-S IDU-R strain
1 ND/ 5 4.75 5.5
(4.25) (4.25) (5.25)
2 >7 3.5 4.25 2.75 4.0
(2.5) (3.75) (5.0) (3.0)
3 6.25 3.25 4.25 3.5 3.0
(=5.5) 2.5 (>2.5) (4.25) 3.0)
4 5.5 3.25 3.25 3.5 2.75
(5.25) (2.5 (2.75) (2.27) (3.0)

@ The method for determination of the difference in sensitivity was as described for Table 1. Figures
indicate differences in the index numbers of interferon-treated and medium-treated control groups on
day 2. Figures in parentheses indicate differences of the index numbers on day 3.

b Herpes simplex virus.

¢ Vesicular stomatitis virus.
4 IDU-resistant strain.

¢ IDU-sensitive strain.

/ Not determined.
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