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uMMARY The sensitivitics to human leukocyte Interferon of 10 strains of HerPCS
simplex virus (HSV) type I and 3 strains of type 2 were compared. All the

strains \\, ere sensitive to interferon, although their sensitivities were less than that of
vesicular stomatitis virus (VsV). Thcre was no significant difference in the sen-
sitivities to interferon of HSV type I and typc 2 or among different strains of a given
type of HSV. Nor was therc any difference betwecn the sensitivities of 5-10do-
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.

INTRODLICTION

Recently, human interferons have been used
clinicalIy in therapy of \, anous kinds of viral
diseases (Greenberg at a1. , 1976 ; Desmytcr
at a1. , 1976; Kingham at a1. , 1977; weimar at
a1. , 1977 ; Mengan at a1. , 1978 ; Em6di at al. ,
1975 ; Sundmachcr at a1. , 1976; Fallin at al. ,
1976; 1<0bza at a1. , 1975; Larsson at a1. , 1976)
and malignant neoplasmas (FalcofT et al. ,
1966 ; Idestr6m at a1. , 1979 ; BIOmgrcn at al. ,
1976 ; Strander at a1. , 1974; IVlerigan at al. ,
1978 ; Sawada at a1. , 1979). it is surprising
that a large dose of interferon Is necessary to

obtain good results in therapy of viral diseases,
especially infoctions with Herpes zoster (HzV)
(W. jin, ,. at a1. , 1977 ; Em6di at a1. , 1975) and
Herpes simplex virus (HSV) (Sundmacher or
a1. , 1976; Fallin at a1. , 1976; 1<0bza at al. ,
1975). In gencral, Herpes \, iruses are more
resistant to interferon than other viruses, such
as vesicular stomatitis \, Irus, A'Tengo virus and
influcnza virus (Toda at a1. , 1972). However,
there are few data on differences in sensitivity
to interferon of the two types of HS\I 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 I (Kern at
a1. , 1975). The other is that there is no dif-
forence in the sensitivities of the two types
(Menezes at a1. , 1976 ; Lerner and Bailey,
1976). It was very important from a clinical
viewpoint to determine whether there are in
fact differences in sensitivity between the two
types of HS\I and among different strains of
the two types.

5-10d0-2'-deoxyuridine (IDU) is a potent
antiviral agent, which is used in therapy of
dentritic keratitis caused by HSV type I.
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.

of Liedicine, Okayama, Japan. Three strains of
type I (TK, ADC and MAD strain) and one strain
of type 2 (HOK strains) were isolated by inoculating
vesicle fluid from patients onto Veto cells. HSV
type 2 (186 strain) was a laboratory strain and was
passaged on Vero cells. The Seibert strain of type
I was 1<indly supplied by Dr. Tal*al\ashi, Research
Institute for A{icrobial Diseases, Osaka University,
Osaka, Japan. All these strains \\, ere propagated
in Vero cells except the I\Iiyama strain (Type I),
which was propagated in FL cells. The WT20
and WT34 strains of type I were isolated by in-
oculating tears or cells taken from the corneal
epithelium of a patient by gentle abrasion onto CV-I
cells. The WT51 and WT90 strains \\, ere isolated

from another patient in the same way as the WT20
and WT3+ strains. The \VT34 and WT51 strains

were sensitive to IDU, while the WT20 and \VT90
strains were resistant to IDU (Himno at a1. , 1979).

The New Jersey strain of vesicular stomatitis
virus (VsV) was propagated in FL cells, and used
for titration of interferon activity. VirLis suspen-
sions were stocked at -80'C until Lised for experi-
merits.

IVIATERIALS AND IVIETHODS

I . Cells

Human embryonal fibroblasts, grown and main-
tamed with Eagle's minimum essential medium
(MEM) supplemented with 1096 fetal bovine serum
(FBS), were used for determination of the sensiti\, ity
of HSV to interferon. Vero cells, grown and main-
tamed in the same manner as human embryonal
fibroblasts, were used for isolation and propaga-
tioit of HSV. FL cells, also grown and main~
tamed in the same way as ITUman embryonal fibro-
blasts except that AllEAJl was supplemented with
5% FBS instead of 10% FBS, were used for titra-
tion of interferon activity and propagation of HSV
and vesicular stomatitis virus (VsV). CV-I cells,
grown and maintained with MENl and YLE (Yeast
extract and Inctalbumin Ilydrolysate In Earle's
solution) (YLl\{) supplemented \\, ith 1096 donor
calf serum, were used for isolation of HSV.

2. Pi, lises

Ten strains of HSV type I and 3 strains of HSV
type 2 were used. Two strains of type I (Alliyama
and HF strain) and one strain of type 2 (IJW 268
strain) were 1<indly supplied by Prof. S. Nii, De-
partment of \7irology, Okayama University School

3 . InterI". o71

Human leukocyte interferon was kindly supplied
by Dr. A. ATatsuo, Green Cross Corp. , Osaka, Japan.
This interferon was produced by infecting human
peripheral leukocytes with the Sendai virus, col-
letting the super natant 24 h later, and adjusting it
to pH 2 with I N HCl. Four days later, the solu-
tion was neutralized witli I N NaOH, concentrated
and purified by adsorption chromatography on SP-
Sephadex C-25 and gel filtration on Sephadex G-
100. Its specific activity was 2.7 XIO' IUlmg
protein

108 BIKEN JOURNAL V01.23 No. 3 1980

4. Alet/10d for deter, ,, inntio, I qf the s, "sit, bity of
"j, ,, s to 111te, Iero, ,

Doses of I XIO' IUlml of human leukocyte inter-
foron in 0.1 in I of Eagle's A, IEM containing 5 % EBS
were added to monola}, ers of human embryonal
fibroblasts in wells of microtiter plates (AIS NUNK,
Denmark). As controls, nionolayers were treated
with Eagle's MEM not containing human leukocyte
interferon. After incubation for 24 h at 37'C in

a ITUmidified 5 % CO2 atmosphere, the medium was
removed and 0.1 inI samples of serialIy 5-fold dim-
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 (TclD, ,) \\. as
calculated and expressed as an index ITUmber of
5. The Tcl0, ,10.1 inI in interferon-treated CUI-
ttires was compared witlt that in control CLIltLires

treated with medium only. The sunsitivity of HSV
to interferon \\, lis expressed as the differencu be-
tweeiT the index numbers of interferon-treated CLIl-

tures tind control cultLires. Differences in index

numbers \\, ere evaluated statistical Iy b}, alitalysis of
variance and the t test

RESULTS

I. Diffe, 'e, Ices 111 se"sitzbiti'es of HSVs d"of
Vs, to IntelfeJo"

In general, \/S\/ is very sensitive to inter-
fcron (Toda at a1. , 1972). Therefore, thc sen-
sitivities of LISVs to interfuron were compared
witll that of VsV as a positive referencc con-
trol. The difference of the indcx number of

Tcl05u \\, as 5.75 in Vs\; but rangcd from
I to 3 in HSV^ (T, bl. I). Thus \ISV w, ^
more sensitive to interferon than HSVs.

2. Differe"ce I',! sensit!it^lbs to I',, teller o1, of
HSF type I a"of tin, e 2

The difference between the sensitivities of

type I and type 2 to Interferon was examined.
The differences of tlTc index numbers ranged
from 1.5 to 2.75 in HSV type I and from I to
3 in HS\I type 2. Thus there \\, as no signifi-
cant difference between the sensitivities of

HS\; type I and type 2 to interferon by the t
rest (p>005) (T^bl. I).

3. Differe, Ices 111 se"$1h'allies to I'JiteneJo"
a"long sty@171s of HSF type I and a"10,4g strains
of HSF Orbe 2

The diffcrences in sensitivitics to human

leukocyte Interferon among 6 strains of HSV
type I and among 3 strains of HS\I type 2

cxamined. No significant diffcrence
was found In the sensitivities to interfcron

among thc strains of HSV typc I or among
the strains of HSV typc 2 by analysis of van-
an. " (p >0.01, p >0.01, us pertiv"Iy) (T"bl.
I).

TABLE I .

Viruses

Expt. No

Dof eye"ces in senszti?)11y of HSVs and to htt"lait leukocyte trite?Iero""

Expt. I

Expt. 2

vsvc

Expt. 3

\\'ere

" 0.1 inI of human leukocyte interferon (I XIO' IUjml) \\. as added 2+ h before inoculation of the virus. After
incubation for 2-3 days, CPE or giant cell formation was observed and the TclD, \\, as calculated and
expressed as an index number of 5. The sensitivity of HSV to ITUman Ieul<oc re 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 da , 3

" Herpes simplex virus
C Vesicular stomatitis \. Irus
of Not determined

575

(575)
ND"

TK

HSV" type I

Seibert ADD MAD Miyama HK

2.75 2.75 2.0 2.75 2.752.5

(15) (225) (175) (225) (20) (275)
2.5 2.0 2.0 3.0 2.0 2.0

(25) (20) (175) (225) (20) (275)
2.75 2.25 I. 75 2.0 2.0 2.5

(275) (25) (175) (225) (25) (275)

ND

HSV type 2

186

2.5 2.25 2.75

(275) (30) (225)
3.0 2.75 2.25

(30) (275) (10)
2.02.75 1.25

(25) (225) (20)

HOl< U\V268
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4. Difference belt, !eelz sellsit!bities to interferon
of ID U-,'esista"t a, !of ID U-se"$1'110e 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 van-
an co (p >0.01) (T"b1,2). Further^in, re, th, re
was no difference in the sensitivities to inter-
feron between HS\Is of two patients and the
INliyama strain by analysis of variance (p >
0.01) (T, b1,2).

DISCUSSION

Human interferons are used In treatment of

HS\I infection in humans (Sundmacher at al. ,
1976; Fallin at a1. , 1976; 1<0bza at a1. , 1975),
and it has been shown that they are effective
against HSV infection, although in general,
HSV is more insensitive to Interferon In vitro

than other viruses, such as vesicular stomatitis

virus.

There are two contradictory opinions (Kern
at a1. , 1975 ; Letner at a1. , 1976 ; Menezes at al. ,
1976) with regard to differences in sensitivity
of HSVs to interferon. Therefore, it was

clinicalIy important to compare the sensitivi-
ties to interferon of HSV type I and 2 and of
different strains of HSV. The present study
showed that there was no difference between

the sensitivities of type I 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-
that interferon should be effective ingests

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.

Viruses

Expt. No

Differ. errce tit se"sitz't!tiles to ante?Ie, .on of ID U-reststont a"d ID U-sensitz'o8 strains"

vsvc

2

3

ND/

+

>7

it The method for determination of the difference in sensitivity \\. as as described for Table I. 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
C Vesicular stomatitis virus.

it IDU-resistant strain

C IDU-sensitive strain

I Not determined

\VT 3+
IDU-S"

6.25

(=5.5)

5.5

(525)

5

(+. 25)
3.5

(25)
3.25

(25)
3.25

(25)

WT 20
IDU-Rd

+

(45)
5

(475)
4.25

(35)
3.25

(275)

HSVb type I

\VT 51
IDU-S

110

+. 75

(425)
+. 25

(375)
4.25

(>2.5)
3.25

(275)
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WT 90
IDU-R

5.5

(525)
2.75

(50)
3.5

(+. 25)
3.5

(227)

Miyama
strain

4.0

(3. 0)
3.0

(30)
2.75

(30)
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