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Choriorefinal Disease Patterns in Congenic Mice
following Intraocular Inoculation with HSV-1

E. Mirchel Opremcak,* C. Stephen Foster, t Ramzi Hemady,t Beverly A. Rice.f Julie A. Doigle,*
Michael B. Raizmaaf Hum Chung, f and Mandi Zalrasf

Disease patterns and immunologic parameters were studied employing inbred and Igh-1 disparate
congenic mice to determine the role of host genetics and Igh-1-linked gene products in the von Szily
model of viral chorioretinitis. Following intracameral inoculation of 1.5 X 104 PFU HSV-1 (KOS),
100% of BALB/c (Igh-la), 62% of A/J (Igh-lc) and none of the C57BL/6J (Igh-lb) inbred mice
developed contralateral necrotizing chorioretinitis. Multigenic differences between inbred mice pro-
hibit conclusions about the specific role of Igh-1-linked immune regulation in this model. In order to
more exactly define Igh-1-speciflc restriction of HSV-1-mediated chorioretinitis, Igh-1-disparate,
congenic BALB/c mice were studied following both anterior chamber and intravitreal inoculation
protocols. Anterior chamber inoculation resulted in contralateral retinal necrosis in 75% of BALB/c
(Igh-1*) mice, 30% of C.AL-20 (Igh-ld) and 5% of the C.B-17 (Igh-lb) congenic mice; all strains
showed ipsilateral retinal sparing. Following intravitreal inoculation of HSV-1 a similar restricted
disease pattern was found in contralateral eyes. Contralateral chorioretinitis developed in 30% of
BALB/c, 15% of C.AL-20 and 6% of C.B-17 mice. Ipsilateral disease, however, was found in all
murine strains. These disease patterns developed despite equivalent suppression of systemic DTH and
equivalent RPE permissivity to viral replication. These data demonstrate that host genetics strongly
regulates contralateral HSV-1-mediated chorioretinal disease patterns by a mechanism unrelated to
the development of systemic suppression of DTH and specifically support a dominant role for gene
products linked to the Igh-1 locus in the immunomodulation of ocular disease. Invest Ophthalmol Vis
Sci 30:1041-1046,1989

The von Szily method of uniocular intracameral
inoculation of herpes simplex virus has recently been
adapted to a murine model of HSV-1-mediated cho-
rioretinitis.1'2 Studies to date have shown that follow-
ing the inoculation of HSV-1 into the anterior
chamber of one eye of a BALB/c mouse, the virus
travels via neuronal pathways to gain access to the
contralateral eye, producing a necrotizing chorioreti-
nitis with relative ipsilateral retinal sparing. Intravi-
treal injection of virus, in contrast, produces both
ipsilateral and contralateral chorioretinitis.3 While
the exact mechanism(s) responsible for these obser-
vations are not entirely known, a unique set of ac-
quired, HSV-specific cellular immune responses de-
velops following inoculation and is implicated in the
pathogenesis of the von Szily model.4"6 Specifically, a
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strong T suppressor cell response is observed and is
thought to play an important role in the diminished
systemic delayed-type hypersensitivity reaction fol-
lowing intracameral HSV-1 presentation. Murine
strains not generating HSV-specific suppression of
DTH, termed anterior chamber-associated immune
deviation (ACAID), typically develop no disease or
only ipsilateral disease with contralateral retinal spar-
ing.6'7 A role for the immune system in disease gener-
ation is further supported by studies in immunocom-
promised mice (nude, gamma-irradiated or cyclo-
phosphamide-treated BALB/c mice) that show a loss
of ipsilateral retinal protection and a bilateral retinal
necrosis following uniocular HSV inoculation unless
the animal is reconstituted with anterior chamber-
primed spleen cells.8 In contrast, other investigators
support a nonimmune, viral-induced pathogenesis in
this model of infectious chorioretinitis.910

An important advantage of the murine model is
the availability of genetically defined animals. We
have previously demonstrated the usefulness of such
definition in a keratitis model of HSV-1 infection
where we employed BALB/c congenic mice, dispa-
rate at the Igh-1 locus on chromosome 12." A signifi-
cant association was found between Igh-1 phenotype

1041

Downloaded from iovs.arvojournals.org on 06/30/2019



1042 INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE / June 1989 Vol. 30

and the generation of an immune keratopathy. Gene
products linked to the Igh-1 region appear to modu-
late disease through disparate T cell subset recruit-
ment, and not via differences in trigeminal ganglionic
latency or keratocyte permissivity.12 Susceptible mice
demonstrated high T helper to T suppressor ratios
while resistant mice had an augmented T suppressor
population in cornea and conjunctiva. In order to
determine whether the Igh-1 region similarly influ-
ences chorioretinitis, we investigated clinical and his-
tologic disease patterns, systemic DTH responses and
retinal pigment epithelial cell (RPE) permissivity in
HSV-resistant C.B-17, HSV-intermediate C.AL-20
and HSV-susceptible BALB/c congenic mice.

Materials and Methods

Herpes Simplex Type 1 Cultivation

HSV-1 strain KOS was obtained from Dr. David
Knipe (Harvard Medical School, Boston, MA) and
passed twice in Vero cells (American Type Cell Col-
lection, CCL 81). Virus for all experiments was pro-
duced from infected Vero cell monolayers as de-
scribed previously.13

Animals

A/J (Igh-le), C57BL/6J (Igh-1b) and BALB/cByJ
(Igh-1a) inbred mice were obtained from Jackson
Laboratories (Bar Harbor, ME). BALB/c congenic,
C.AL-20 (Igh-1d) mice breeding pairs were obtained
from Dr. Alfred Nisonof (Brandeis University,
Waltham, MA) and bred in microisolators mounted
in a ventilated animal rack in our animal facility.
BALB/c congenic, C.B-17 (Igh-1b) mice breeding
pairs were provided by Dr. Charles Sidman (Jackson
Laboratories). All animals were handled in accor-
dance to the ARVO Resolution on the Use of Ani-
mals in Research.

Intracameral HSV-1 Inoculation

The different mouse strains were inoculated with
1.5 X 104 PFU of KOS strain HSV-1 either in the
anterior chamber (AC) or in the vitreal cavity (VC).
After intraperitoneal phenobarbital (0.30 mg/g) and
topical proparacaine anesthesia, animals were placed
under an operating microscope and, following para-
centesis, were injected with 5 nl of the appropriately
diluted virus either AC (through the cornea) or VC
(via proptosing and piercing sclera) through a 33
gauge needle connected to a 50 fi\ Hamilton syringe.

Clinical Observation and Analysis

Following intracameral HSV-1 challenge, animals
were evaluated under an operating microscope for

both anterior segment inflammation and posterior
segment inflammation. Anterior segment inflamma-
tion was denned as a dilated pupil, enlarged and tor-
tuous iris vessels and cell and flare within the anterior
chamber obscuring clear details of the iris. Posterior
segment inflammation effects included blurring of
fundus detail, dulling of the normally bright red re-
flex from the retinal and choroidal vasculature, or
obvious retinal opacification.

Histopathology

In all experiments, clinical disease was confirmed
by routine histologic techniques as described pre-
viously.9 Briefly, animals were killed by anesthetic
overdose 10 days following intracameral challenge.
The eyes were removed bilaterally under an operating
microscope and fixed in Karnovsky's fixative (1%
paraformaldehyde, 1.25% glutaraldehyde, in 0.2 M
sodium cacodylate buffer) for 24 hr at 4°C. The tissue
was rinsed in buffer after fixation, dehydrated
through ascending concentrations of ethanol, infil-
trated with glycol methacrylate solution overnight,
and then embedded in LKB Historesin (LKB Pro-
dukter AB, Bromma, Sweden). Sections 2 pm thick
were cut using a Sorvall JB-4 microtome, and stained
with hematoxylin and eosin for histopathologic
study. The eyes were analyzed for the presence of
anterior segment inflammation, retinitis and cho-
roiditis.

Delayed-Type Hypersensitivity

Delayed-type hypersensitivity (DTH) was deter-
mined via standard footpad swelling assay as per-
formed in our laboratory.14 Briefly, following the
various intracameral challenge protocols, one hind
footpad received 106 erstwhile PFU of UV-inacti-
vated HSV-1 strain KOS in 0.05 iA. The other foot-
pad received an equal volume of control Vero cell
supernate. Twenty-four hours later, footpad swelling
was measured with a Fowler engineer's micrometer.
Naive mice and positive controls (mice inoculated
subcutaneously with 1 X 106 PFU HSV-1) were foot-
pad-challenged and measured in a similar fashion.
All measurements were performed in a masked fash-
ion. Persistent suppression of DTH was calculated by
comparing mean DTH values following simulta-
neous intracameral and subcutaneous priming.

HSV-1 Replication in Cultured Retinal Pigment
Epithelial Cells

Methods for isolation and culture of murine RPE
were adapted from techniques for rat RPE culture
described by Edwards.15 Briefly, eyes from 6- to
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8-day-old mice were enucleated, placed in Ca2+-
enriched balanced salt solution (BSS), and then incu-
bated in a trypsin (1 mg/ml) and collagenase (70
units/ml) solution. Eyes were dissected in culture me-
dium consisting of F-10 denned medium, 20% (v/v)
fetal bovine serum and antibiotics. The anterior seg-
ment was separated from posterior eyecup, the neural
retina removed and RPE sheets teased gently from
Bruch's membrane using a microdissecting knife.
RPE sheets were dissociated in a trypsin solution (1
mg/ml) and the resulting cell suspension spun at 70 g
for 5 min. Cells were then plated in 24-well plates at a
density of 50-100,000 cells/well. Cells were incu-
bated at 37°C in the culture medium described
above.

RPE cells were allowed to acclimate to culture
conditions for 12 hr before infection with virus. At
this time, cells from one well were counted, and the
remaining wells were infected with HSV-1 (KOS
strain) at an MOI = 1. After incubation for 1 hr with
virus, cells were washed and fed with culture me-
dium. At 24, 48 or 60 hr post-infection, cells from
each well were harvested and subjected to three
freeze-thaw cycles. Samples were assayed for infec-
tious particles on Vero cell monolayers using a stan-
dard plaque assay.

Results

Strain-specific differences in susceptibility to cho-
rioretinitis following anterior chamber inoculation
have been reported previously by our laboratory em-
ploying A/J (Igh-1e), BALB/c (Igh-la) and C57BL/6J
(Igh-lb) inbred mice.16 While 100% of BALB/c mice
(N = 16) developed contralateral necrotizing chorio-
retinitis after intracameral inoculation of 1.5 X 104

PFU HSV-1 (KOS), 62% of the A/J and none of the
C57BL/6J mice showed this same finding. In a simi-
lar fashion Igh-1-disparate BALB/c congenic mice
were inoculated and observed for ispilateral and con-
tralateral chorioretinitis (Table 1). Clinically, BALB/
c mice developed the highest frequency of disease
while C.AL-20 mice were intermediate and C.B-17
mice were resistant. Histologically, ipsilateral eyes in
all murine strains demonstrated hypopyon and
mononuclear cell infiltration of the iris with relative
preservation of the retina and choroid. In contrast,
the contralateral uninoculated eyes demonstrated an
Igh-1-restricted disease pattern with both anterior
uveitis and complete retinal destruction in 75% of
BALB/c, 30% of C.AL-20 and 10% of C.B-17 mice
(Fig. 1).

In order to determine whether the Igh-1-linked
mechanisms regulated ipsilateral events, we chal-
lenged the congenic mice with HSV-1 via VC inocu-

Table 1. Chorioretinitis frequency following anterior
chamber inoculation of HSV-1 strain KOS
in Igh-1 congenic mice

Strain

BALB/c (N =
C.AL-20 (N =
C.B-17 (N = o

o
o

Ipsilateral

5%
10%
5%

Disease

Contralateral

75%
30%

5%

lation. Histologic evidence of contralateral chorioret-
initis could be found in 31% of BALB/c, 14% of
C.AL-20 and 6% of C.B-17 mice (Fig. 2). However, in
contrast to anterior chamber inoculation, 62-67% of
the ipsilateral eyes also developed a destructive cho-
rioretinitis in all murine strains (Table 2).

These observations demonstrate that gene products
encoded by determinants close to the Igh-1 complex
modulate the development of contralateral disease
following uniocular intracameral HSV-1 challenge
but do not significantly influence ipsilateral disease
course.

Delayed-Type Hypersensitivity Reaction

Simultaneous intracameral and subcutaneous in-
oculation with HSV-1 results in suppression of de-
layed-type hypersensitivity (DTH) reaction in all
three Igh-1-disparate BALB/c congenic mice when
compared to mice primed subcutaneously with
HSV-1. There was no significant difference noted be-
tween the murine strains (Table 3). Despite different
disease patterns, AC and VC inoculation routes re-
sulted in similar suppression of DTH in these mice.

RPE Permissivity-Inbred and Congenic Murine
Strains

RPE from BALB/c and C57BL/6J mice were in-
fected with HSV-1 at an MOI = 1, and triplicate
monolayers were assayed for virus at 24, 48 and 60 hr
post-infection (Fig. 3). At each time point, RPE from
the two inbred strains showed equal permissivity to
virus, as expressed in PFU produced per RPE cell.
The results indicate a plateau in RPE permissivity
occurring between 24 and 48 hr post-infection.

RPE from BALB/c, C.AL-20, and C.B-17 congenic
mice were infected in vitro at an MOI = 1, and tripli-
cate monolayers assayed for virus at 24 hr post-infec-
tion (Fig. 4). The RPE from these three strains were
equally permissive to HSV-1.

Discussion

Murine strain specific susceptibility to HSV infec-
tion has been shown for several models of virus-me-
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Fig. 1. Photomicrograph of a representative contralateral retina from (A) BALB/c, (B) C.AL-20 and (C) C.B-17 mice 10 days following

unilateral inoculation of 1.5 X 104 PFU HSV in the anterior chamber. Note the lack of contralateral retinitis in the C.B-17 mouse (X100).

diated disease. Work in our laboratory and others has
established that at least two gene loci are involved in
these resistance patterns."17 In a herpes simplex ker-
atitis (HSK) model we have demonstrated that the
Igh-1 region dominantly restricts corneal disease se-
verity. This resistance is not manifest through innate

differences in keratocyte permissivity to HSV-1 rep-
lication but may be effected through regulation of
antibody production or cell-mediated immune re-
sponses. Immunohistologic studies have shown that
susceptible mouse strains (BALB/c and C.AL-20)
have high Lyt 1.2 to Lyt 2.2 lymphocyte ratios in
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Fig. 2. Photomicrograph of a representative contralateral retina from (A) BALB/c, (B) C.AL-20 and (C) C.B-17 mice 10 days following
unilateral intravitreal inoculation of 1.5 X 104 PFU HSV. Note the lack of contralateral disease in C.B-17 mice (X100).
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Table 2. Chorioretinitis frequency following
intravitreal inoculation of HSV-1 strain KOS
in Igh-1 congenic mice

Strain

BALB/c (N =
C.AL-20 (N =
C.B-17 (N =

16)
14)
15)

Ipsilateral

62%
64%
67%

Disease

Contralateral

31%
14%
6%

cornea, limbal and conjunctival tissues (7:1) prior to
the severe necrotizing keratopathy while resistant
C.B-17 mice demonstrate an inverse ratio (1:8).12

Little information is available on host genetic re-
striction of herpes simplex-mediated chorioretinitis.
We have reported a murine strain-specific pattern of
chorioretinitis in inbred mice, which has recently
been confirmed by other investigators.710'7 In this
communication, we further define a role for Igh-1
linked gene products in modulating contralateral
chorioretinitis disease severity in two distinct models
of intraocular challenge. Anterior chamber inocula-
tion results in ipsilateral protection and VC challenge
produces ipsilateral disease in all BALB/c congenic
mouse strains. In contrast, a strong Igh-1 restriction
can be noted in contralateral eyes. These data suggest
that the Igh-1 region modulates the late contralateral
ocular milieu and inflammatory events rather than
the early ipsilateral virus-host interactions.

It is interesting to note that despite different disease
patterns, all three Igh-1 congenic murine strains have
identical RPE permissivity. Investigators have postu-
lated from permissivity studies a strong role for non-
immune, viral factors in HSV-mediated ocular dis-
ease.1018 Although it appears that different inbred
mice have distinct cellular permissivity to viral rep-
lication, Igh-1-disparate congenic mice have identical
keratocyte and RPE permissivity and therefore per-
missivity would appear to play no role in their differ-
ent disease patterns found in vivo. Intrinsic permissi-
vity of other ocular tissues such as sensory retina and
uvea is not well defined and is currently being inves-
tigated.19

Kielty et al have postulated that contralateral reti-
nitis develops as a result of HSV-1-specific suppres-
sion of DTH in susceptible mice.7 C57BL/6J mice
fail to develop systemic suppression of DTH and are
resistant to contralateral retinitis while susceptible
DBA/2 mice develop both suppression and contralat-
eral disease. The ability to generate DTH following
AC inoculation was felt to be protective. In this com-
munication we present data that distinguish contra-
lateral disease from systemic DTH responsiveness.

Table 3. HSV-1-specific suppression of DTH
following intracameral inoculation of HSV
in Igh-1-disparate BALB/c congenic mice

Percent suppression footpad swelling

Experiment

Anterior chamber
#1
#2
#3

Vitreous chamber
#1
#2
#3

BALB/c

48*
54*
50*

66*
25*
62*

C.AL-20

65*
59*
71*

49*
—
12

C.B-17

15
64*
58*

48
45*
35*

*P<0.05 via student t-test.
Percent suppression of DTH comparing footpad swelling from control

mice primed SQ alone (N = 8 per group) with mice challenged simulta-
neously with intracameral and SQ HSV-1 (N =8 per group).

C.B.-17 mice suppress DTH as effectively as BALB/c
mice yet do not develop retinitis. These data suggest
that systemic suppression of DTH responsiveness
(ACAID) is a separate immunolpgic phenomenon
that is unrelated to the mechanism of Igh-1 restric-
tion and specifically contralateral disease genera-
tion.16 This dichotomy is further supported by inves-
tigators demonstrating a strong local ocular protec-
tive mechanism in the ipsilateral eye unrelated to
systemic immunity.2'8'20 Specifically, an abrogation
of ipsilateral retinal sparing is noted when animals are
inoculated via VC or translimbal routes and when
mice are pretreated with Cytoxan despite strong sup-
pression of systemic DTH.8'20 In other experiments,
bilateral AC inoculation results in no retinal disease
in either eye in spite of HSV-specific suppression of
DTH.2 Alternative Igh-1-linked mechanisms perhaps
regulating local ocular or regional immunologic mi-

RPE PERMISSIVITY TIME COURSE- INBRED MICE

Y//////A

Fig. 3. Time course study of RPE permissivity in inbred mice.
The quantity of virus recovered from RPE cells is shown for vary-
ing time points post-infection.
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RPE PERMISSIVITY AT 24 hr P.I. - CONGENIC MICE

C.AL-20 C.B-17

Fig. 4. RPE permissivity in congenic mice. RPE cells from each
strain were infected with HSV-1 in vitro and assayed for infectious
virus particles 24 hr later.

lieu or other arms of the immune system appear to be
important in modulating contralateral HSV-1-me-
diated chorioretinitis.

Key words: Igh-1 locus, immunogenetics, mouse, herpes
simplex virus (HSV), chorioretinitis, infection

Acknowledgments

The authors wish to thank Nancy A. Kelso for her in-
valuable assistance in preparation of this manuscript.

References
1. von Szily A: Experimental endogenous transmission of infec-

tion from bulbus to bulbus. Klin Monatsbl Augenheilkd
72:593, 1924.

2. Whittum JA, McCulley JP, Niederkorn JY, and Streilein JW;
Ocular disease induced in mice by anterior chamber inocula-
tion of herpes simplex virus. Invest Ophthalmol Vis Sci
25:1065, 1984.

3. Atherton SS, Pesicka GA, and Streilein JW: Retinitis and de-
viant immune responses following intravitreal inoculation of
HSV-1. Invest Ophthalmol Vis Sci 28:859, 1987.

4. Whittum JA, Niederkorn JY, McCulley JP, and Streilein JW:
Intracameral inoculation of herpes simplex virus type I induces
anterior chamber associated immune deviation. Curr Eye Res
2:691, 1982/1983.

5. Whittum JA, Niederkorn JY, McCulley JP, and Streilein JW:

Role of suppressor T cells in herpes simplex virus-induced
immune deviation. J Virol 51:556, 1984.

6. Atherton SS and Streilein JW: Virus-specific DTH prevents
contralateral retinitis following intracameral inoculation of
HSV-2. Curr Eye Res 6:133, 1987.

7. Kielty D, Cousins SW, and Atherton SS: HSV-1 retinitis and
delayed hypersensitivity in DBA/2 and C57BL/6 mice. Invest
Ophthalmol Vis Sci 28:1994, 1987.

8. Whittum-Hudson J, Farazdaghi M, and Prendergast RA: A
role for T lymphocytes in preventing experimental herpes
simplex virus type 1-induced retinitis. Invest Ophthalmol Vis
Sci 26:1524, 1985.

9. Whittum-Hudson JA and Pepose JS: Immunologic modula-
tion of virus-induced pathology in a murine model of acute
herpetic retinal necrosis. Invest Ophthalmol Vis Sci 28:1541,
1987.

10. Pepose JS and Whittum-Hudson JA: An immunogenetic anal-
ysis of resistance to herpes simplex virus retinitis in inbred
strains of mice. Invest Ophthalmol Vis Sci 28:1549, 1987.

11. Opremcak EM, Wells PA, Thompson P, Daigle JA, Rice BA,
Millin JA, and Foster CS: Immunogenetic influence of Igh-1
phenotype on experimental herpes simplex virus type-1 cor-
neal infection. Invest Ophthalmol Vis Sci 29:749, 1988.

12. Raizman MB, Rice BA, Opremcak EM, and Foster CS: Immu-
nopathology of herpes simplex keratitis in congenic mice.
ARVO Abstracts. Invest Ophthalmol Vis Sci 28(Suppl):43,
1987.

13. Millin JA, Opremcak EM, Wells PA, and Foster CS: Gangli-
onic permissivity to HSV-1 replication and acyclovir-induced
latency: An in vitro model. Invest Ophthalmol Vis Sci 29:232,
1988.

14. Foster CS, Wetzig R, Knipe D, and Greene MI: Genetic influ-
ence from chromosome 12 on murine susceptibility to herpes
simplex keratitis. In Herpetic Eye Diseases, Maudgal PC and
Missotten L, editors. The Netherlands, Dr. W. Junk Pub-
lishers, 1985, p. 67.

15. Edwards RB: The isolation and culturing of retinal pigment
epithelium of the rat. Vision Res 21:147, 1981.

16. Daigle JA, Chung HE, Opremcak EM, and Foster CS: Strain
specific susceptibility to intracameral HSV-1 challenge in
inbred strains of mice. ARVO Abstracts. Invest Ophthalmol
VisSci27(Suppl):ll5, 1986.

17. Lopez C: Resistance to HSV-1 in the mouse is governed by two
major, independently segregating, non-H-2 loci. Immunoge-
netics 11:87, 1980.

18. Abghari SZ, Stulting RD, Nigida SM, and Nahmias AJ: Com-
parative replication of HSV-1 in BALB/c and C57B16 mouse
embryo fibroblasts in vitro. Invest Ophthalmol Vis Sci 27:909,
1986.

19. Merges MJ and Whittum-Hudson JA: Susceptibility of murine
retinal cells to in vitro injection with HSV-1. Invest Ophthal-
mol Vis Sci 29:151, 1988.

20. Metzger EE and Wittum-Hudson JA: The dichotomy between
herpes simplex virus type 1-induced ocular pathology and sys-
temic immunity. Invest Ophthalmol Vis Sci 28:1533,1987.

Downloaded from iovs.arvojournals.org on 06/30/2019


