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Genetic background determines the nature of immune responses

and experimental immune-mediated blepharoconjunctivitis (EC)
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Abstract

Purpose. Experimental immune-mediated blepharoconjunc-
tivitis (EC) was induced in Lewis rats by immunization with
ovalbumin (OVA) in complete Freund’s adjuvant (CFA) or
aluminum hydroxide [AI(OH),]. To investigate the affect of
genetic factors on the susceptibility of EC, we tested differ-
ent strains of rats for the development of EC.

Methods. Lewis and Brown Norway (BN) rats were immu-
nized once with 100 pg of OVA in CFA or Al(OH),. Three
weeks later they were challenged with OVA in eye drops; 24
hours after the challenge they were sacrificed and their eyes,
blood, and lymph nodes were harvested for histological studies,
measurement of OV A-specific antibodies (IgG, IgG1, IgG2a,
IgE), and proliferation or cytokine assay, respectively. ELISA
was used to detect OV A-specific IgG; passive cutaneous ana-
phylaxis was used for detecting IgE.

Results. EC, OVA-specific IgG, and cellular immunity were
induced in Lewis rats by using either adjuvant, whereas IgE
was not produced by either adjuvant. In contrast, IgE was
produced in BN rats using either adjuvant, whereas cellular
immunity was evoked only when CFA was used. Less cellu-
lar infiltration as well as cellular proliferation was detected
in BN rats immunized with AI(OH),. In both strains, Al(OH),
induced a higher IgG1/IgG2a ratio than did CFA. More in-
terferon-y by stimulation with OVA was noted in Lewis rats
compared to BN rats, whereas interleukin-4 was detected only
in BN rats.

Conclusions. The severity of EC evaluated by cellular infil-
tration was dependent on OVA-specific cellular immunity.
Genetic background is more important than adjuvants in de-
termining the nature of EC and immunity.
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Introduction

Experimental immune-mediated blepharoconjunctivitis (EC)
was induced in Lewis rats by a topical challenge with oval-
bumin (OVA) in eye drops after immunization with OVA in
various adjuvants (1). The major histological feature of EC
in Lewis rats was mononuclear cell infiltration in the palpe-
bral conjunctiva (1). In addition to active immunization, the
transfer of OVA-primed lymph node cells activated in vitro
(2, 3) and a CD4" T cell line specific to OVA peptide 323-
339 (3) was able to induce EC in recipient rats. Therefore,
we concluded that EC in Lewis rats is a cellular immunity—
mediated disease, especially a CD4" T cell-mediated disease.
In contrast to the induction of strong cellular immunity with
OVA-specific IgG production, little OV A-specific IgE was
produced (4).

Lewis rats are susceptible to experimental organ-specific
autoimmune diseases such as experimental autoimmune en-
cephalomyelitis (4), experimental autoimmune uveoretinitis
(5), and collagen-induced arthritis (6). These types of diseases
are mediated by Thl-dominant immune responses (7, 8, 9).
Induction of Th2 immune responses either during the induc-
tion phase or the effector phase in animals with these dis-
eases inhibited the development of the diseases (10, 11). In
contrast to Thl-dominant immunity induced in Lewis rats,
Brown Norway (BN) rats are susceptible to experimental
systemic autoimmune diseases such as mercuric chloride
(HgCl,)—-induced autoimmune disease (12) and experimental
allergic airway responses (13), which are related to Th2-domi-
nant immune responses (14, 15). These data strongly suggest
that genetic background determines the nature of the induced
immune responses and leads to a high susceptibility of cer-
tain types of diseases (16).
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Adjuvants are also known to be important for provoking
immune responses. Complete Freund’s adjuvant (CFA) (17)
is often used to induce delayed-type hypersensitivity and there-
fore is used to induce organ-specific autoimmune diseases,
such as experimental autoimmune encephalomyelitis (18).
Aluminum hydroxide [AI(OH),] (19) is often used to induce
IgE and therefore is used to induce experimental allergic
diseases. Pretreatment with an autoantigen in Al(OH), in-
hibited the development of collagen-induced arthritis (20),
indicating that the collagen-specific Th2 immune responses
induced by AI(OH), inhibited disease-inducing Th1 responses.

These lines of information prompted us to investigate the
involvement of both genetic background and adjuvants in the
development of EC. We compared both EC and immune
responses in Lewis and BN rats immunized with OVA in
either CFA or AI(OH),. The data presented here demonstrated
that genetic background primarily determines Th1/Th2 domi-
nance and that the effects of adjuvants are secondary. Fur-
thermore, the intensity of cellular immunity was dependent
on adjuvant and was related to the severity of cellular infil-
tration in EC.

Materials and methods
Rats

Six- to 8-week-old male Lewis rats and Sprague-Dawley (SD)
rats (Seac Yoshitomi, Fukuoka, Japan) and BN rats (Clea
Japan, Inc., Tokyo, Japan) were maintained in a pathogen-
free animal facility at Kochi Medical School. All animal
procedures conformed to institutional guidelines and to the
ARVO Resolution on Use of Animals in Research.

Antigens

OVA (grade V, Sigma Immunochemicals, St. Louis, MO)
was used for either immunizing or challenging antigens.
Concanavalin A (Con A, Sigma Immunochemicals, St. Louis,
MO) was used for a mitogen in vitro.

Sensitization, challenge, and evaluation of EC

Lewis and BN rats were injected subcutaneously with 100
ug of OVA in either CFA (Yatoron, Tokyo, Japan) or
Al(OH),. Three weeks later the rats were challenged with
OVA by eye drops as previously reported (1, 2, 3). Twenty-
four hours after being challenged, rats were clinically evalu-
ated and sacrificed, and their eyes, blood, and lymph nodes
were harvested for histological studies, measurement of
antibody production, and a proliferation assay, respectively.
In brief, the eyes including the lids were fixed in 10% buff-
ered formalin and embedded in paraffin. Sections 10 pm thick
were stained with hematoxylin-eosin and the infiltrated cells
were counted in the palpebral conjunctiva with an eye piece
grid of x 400 magnification (1, 2, 3).

Assessment for cellular immune responses of primed
lymph node cells

Lymph nodes were combined for each group and experiments
were repeated at least three times. Lymphocyte proliferation
assays were set up in quadruplicate in 96-well flat-bottom
plates. Lymph node cells (3 x 103 cells/well) were cultured
in a final volume of 0.2 ml RPMI 1640 medium supplemented
with 5% fetal calf serum (ICN Biomedical Japan Co., To-
kyo, Japan), 2-mercaptoethanol (5 x 10 M), L-glutamine
(2 mM), penicillin (100 U/ml), and streptomycin (100 pg/
ml). Cells were stimulated with OVA at final concentrations
of 0.1, 1, 10, and 100 pg/ml. After incubation for 72 hours
at 37 °C in a humidified atmosphere with 5% CO,, cultures
were pulsed for 16 hours with 0.5 uCi/well of *H-thymidine
(Japan Atomic Energy Research Institute, Tokai, Japan). Cul-
tures were then harvested and the radioactivity was measured
by standard techniques. Data were expressed as stimulation
indices.

Detection of OVA-specific IgG by ELISA

Serum was collected from each rat via cardiac puncture at
the time of death. Serum antibody levels against OVA were
measured by direct ELISA. OVA (500 ng/well for total IgG
and 5 pg/well for IgG1 or IgG2a) was absorbed to 96-well
plates for 2 hours at 37 °C. The plates were washed with
PBS-Tween, and serially diluted serum samples were added
to the wells. Bound antibody was detected by peroxidase-
conjugated anti-IgG (Nordic Immunological Laboratories,
Tilburg, The Netherlands) or peroxidase-conjugated anti-IgG1
or anti-IgG2a (Pharmingen, San Diego, CA). The plates were
developed by using 3,3',5,5"-tetramethylbenzidine base (TMB-
ELISA, GIBCO BRL, Gaithersburg, MD) and the optical
density (OD) of each well was read at 610 nm. Data were
presented as the ratio (IgG1/IgG2a) of the OD 610 nm val-
ues of the 1:160 dilution.

Detection of OVA-specific IgE by passive cutaneous
anaphylaxis (PCA)

Male SD rats were used to determine the skin-sensitizing
capacity of serum from immunized Lewis or BN rats. Dor-
sal surfaces of unsensitized SD rats were shaved, and seri-
ally diluted serum was injected intradermally (dose volume
0.1 ml). After a latent period of 48 hours, each rat received
an infravenous injection of 1 mg OVA and 2.5 mg Evans’
blue dye in 1 ml of PBS. Rats were killed after 30 minutes,
the dorsal skin was removed, and reactions were evaluated
on the inner skin surface (21).

Cytokine ELISA using culture supernatant

Lymph nodes from OVA-primed rats were combined for
culture. Cells were prepared as described above; 1 x 10°cells
were cultured for 2 days in 96-well flat-bottom plates with
either OVA at 50 pg/ml or Con A at 1 pg/ml in a final vol-
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Figure 1. Both adjuvant and genetic background are related
to the severity EC. Both Lewis and BN rats were immunized with
OVA in either CFA or Al(OH), following topical challenge with
OVA by eye drops. Infiltrated cells were counted per field in the
palpebral conjunctiva. Infiltrated cells in BN rats immunized with
Al(OH), exhibited statistically fewer than other three groups
(p = 0.002), while there was no difference between these three
groups (p > 0.25). The experiments were combined and each group
consists of 6 to 8 rats.

ume of 10 ml RPMI1640 medium containing 5 x 10~ M of
2-mercaptoethanol and 5% fetal calf serum. Culture super-
natants were harvested and assayed by commercial cytokine
ELISA (BioSource International, Camarillo, CA) for inter-
feron—y (IFN-y) or interleukin-4 (IL-4) by strict adherence
to the recommended method.

Statistical analysis

Statistical comparisons of the number of infiltrated cells,
IgE titers, and IgG1/IgG2a ratios were performed by
Student’s #-test.

Results

Lewis rats were prone to EC regardless of adjuvants used
whereas severe cellular infiltration was inducible in
BN rats only by CFA

Because EC is evaluated by the number of infiltrated cells,
inflammatory cell counts in the palpebral conjunctiva were
used to compare the severity of EC in each group. The in-
filtrated cell number in the conjunctiva of Lewis rats either
immunized with CFA or AI(OH), was similar to that of BN
rats immunized with CFA (Figure 1). There were no statis-
tical differences among these three groups (0.902 < P <
0.979). Compared with these massive cellular infiltrations,
statistically fewer cells (0.007 < P < 0.011) were detected
in the conjunctiva of BN rats immunized with Al(OH),
(Figure 1). In addition, the percentage of eosinophils (of
the total number of infiltrated cells) was much higher in
these rats than in the other three groups of rats (Figure 2,
A and B). There were no apparent differences in the num-
ber of infiltrating eosinophils among the other three groups

Figure 2. Histological features of cellular infiltration in the con-
junctiva. Massive cellular infiltration, predominantly mononuclear
cell infiltration, was demonstrated in Lewis rats immunized OVA
in CFA (A). In contrast, less cellular infiltration was seen in BN
rats immunized OVA in AI(OH), (B). It should be noted that about
40% of infiltrated cells were eosinophils in this group (B). Sec-
tions were stained with H.E. and the magnification was x 320.

(Figure 2B) and, as previously reported (1), most of the in-
filtrated cells in these groups were mononuclear cells.

Comparison of cellular immunity among the four groups

Lymph node cells from Lewis rats immunized with either
CFA or Al(OH), responded vigorously to OVA (Figure 3).
In contrast, lymph node cells from BN rats immunized with
Al(OH), did not proliferate even though cells immunized with
CFA proliferated similarly to cells in Lewis rats (Figure 3).
It should be noted that there is a close relationship between
the severity of cellular infiltration and cellular proliferation
against OVA (Figures 1 and 3).

IgG production depended on adjuvant used whereas IgE
production depended on genetic background

OVA-specific IgE tested by PCA was detected in serum from
BN rats immunized with either adjuvant (Figure 4A). Al(OH),
induced more OV A-specific IgE than did CFA (P = 0.046).
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Figure 3. Cellular proliferative responses of lymph node cells
against OVA. OVA-primed lymph node cells were harvested for
conventional proliferation assay. The combined mean cpm +/- S.E.
values for the unstimulated control cultures were : 461 +/- 26 in
Lewis rats with CFA; 821 +/- 19 in Lewis rats with Al(OH),, 231
+/- 11 in BN rats with CFA; 189 +/- 19 in BN rats with AI(OH) o
Two more independent experiments were repeated and similar re-
sults were obtained.

In Lewis rats no apparent OV A-specific IgE was produced
regardless of adjuvant used (P < 0.001, Figure 4A). CFA
induced more IgG production than did AI(OH), in both
strains. No statistically significant difference in IgG pro-
duction was demonstrated between the two adjuvants in
Lewis rats. The amount of OVA-specific IgG produced in
serum by AI(OH), immunization was similar for two strains,
whereas CFA immunization produced more OV A-specific
IgG in the serum of BN rats than in the serum of Lewis
rats (Figure 4B). In addition, the IgG1/IgG2a ratio was also
the same for the two strains; that is, the ratio was around 1
when CFA was used and was around 3 when Al(OH), was
used (Figure 4C), although the differences among the four
groups was not statistically significant (P > 0.083).

Genetic background but not adjuvant determines
the cytokine profiles

Culture supernatant was collected after 48 hours and assayed
by using commercial cytokine ELISA. The data presented
in Figure 5 (A and B) were obtained from culture superna-
tant of lymph node cells from both strains of rats immunized
with OVA in CFA but not Al(OH),. More IFN-y was pro-
duced by stimulation with OVA in Lewis rats than in BN
rats (P = 0.019) and no difference in IFN-y production
between the two adjuvants was detected (Figure 5A and un-
published result). In contrast, stimulation with OVA only
produced IL-4 in BN rats; IL-4 was below a detectable level
in Lewis rats (Figure 5B). In BN rats, CFA induced more
IL-4 production than did Al(OH), (data not shown). Stimu-
lation with Con A induced vigorous production of both
cytokines in both strains of rats regardless of adjuvants used

(IFN-y by CFA immunization: 11385 pg/ml in Lewis rats,
8879 pg/ml in BN rats; IL-4 by CFA immunization: 1235
pg/ml in Lewis rats, 1187 pg/ml in BN rats).

Discussion

Because IgE was not produced in Lewis rats regardless of
adjuvants used, this study was aimed to induce EC with IgE
production in BN rats, which are known to be a Th2-domi-
nant immunity-inducible strain (12, 13). In addition, the im-
mune responses of these strains were compared by using CFA
(17) and Al(OH), (19), which are known to induce Thl and
Th2, respectively.

Although Lewis rats are susceptible to Thl-mediated dis-
eases whereas BN rats are susceptible to Th2-mediated dis-
eases (4, 5, 12, 13), the factors responsible for the observed
genetic difference in immune responses between BN rats and
Lewis rats have not been clearly established. Roos et al. (22)
attributed the different immune responses in these two strains
to the different expression of major histocompatibility com-
plex (MHC) class IT molecules. Cytokine pattern (IFN-y/
IL-4) is obviously involved in these genetic differences, yet
there has been little information about which factors deter-
mine cytokine profile. Several nuclear factors were recently
identified as key molecules for the induction of Th2-type
cytokine production (23, 24). These factors as well as dif-
ferent expressions of MHC class II molecules may be in-
volved in the genetic differences.

The data for the production of IgG and its subclass (Figure
4B) could be interpreted as indicating that adjuvants were
able to determine the quantity and quality of the IgG pro-
duced. Although there has been no consensus that the 1gG1/
IgG2a ratio is related to the Th2/Thl relationship in rats,
several reports support the concept of a positive relationship
between the IgG1/IgG2a ratio and Th2/Th1 dominance (25,
26). From our data it could be suggested that despite the
genetic background of rats, CFA was apt to induce Thl-
dominant OVA-specific IgG production, whereas Al(OH),
was inclined to induce Th2-dominant OVA-specific IgG
production. It should be noted that the total amount of OVA-
specific IgG1 was higher in CFA-treated rats than in Al(OH),-
treated rats, even though the ratio of IgG1/IgG2a was higher
in Al(OH),-treated rats. Therefore, it could be concluded that
the quality as well as the quantity of OV A-specific humoral
immunity was determined by the adjuvants used.

By contrast, IgE, whose induction depends on Th2 im-
mune responses (19, 27), was produced only in BN rats re-
gardless of the adjuvant used (Figure 4A). The discrepancy
between the IgG1/IgG2a ratio and IgE production (Figure
4, A and C) may be attributed to the immunization dose, be-
cause it is known that low doses induce high titers of IgE
antibodies (28, 29). To examine this notion, 1 ug of OVA
with Al(OH), was used to immunize Lewis rats. There was
no remarkable difference in OV A-specific IgE production
(data not shown), further suggesting that Lewis rats are re-
sistant to IgE production. Therefore, it could be concluded
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Figure 4. Involvement of both adjuvant and genetic background in OVA-specific antibody production. A: IgE titers were detected
by passive cutaneous anaphylaxis (PCA) and all the data were combined and presented as positive mean dilution +/- S.D.. B: Total IgG
titers were detected by direct ELISA. One representative data was presented and two more independent experiments were performed. C:
IgG subclass titers were detected by direct ELISA. Data were presented as IgG1/IgG2a ratio of OD610 nm at the serum dilution of 160.
Similar results were obtained in other two experiments.
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Figure 5. Genetic background determines cytokine production
by antigen-specific stimulation. Culture supernatant after incu-
bation in the presence of OVA for 48 hours were harvested for
cytokine ELISA to detect either IFN-y (A) or IL-4 (B). The pre-
sented data was mean +/- S.D. of three independent experiments.

that BN rats are genetically prone to produce IgE whereas
Lewis rats are genetically prohibited from producing IgE.

As we previously reported, cellular infiltration in the con-
junctiva occurred in parallel with cellular immunity against
OVA (1, 2). This notion was further supported by this study,
because BN rats immunized with AI(OH), exhibited less
cellular infiltration than did the other groups (Figures 1 and
3). Although the AI(OH), emulsion may be thought to be
not sufficient for inducing cellular immunity in BN rats, it
was able to induce vigorous OVA-specific cellular immu-
nity in Lewis rats. Histochemical analysis demonstrated that
eosinophils were predominantly infiltrated in BN rats but not
in Lewis rats immunized with the same adjuvant (Figure 2,
A and B). Because eosinophils are known to be induced by
Th2-type cytokines such as IL-4 or IL-5 (30, 31), the data
here further suggest that BN rats are more prone to Th2 im-
munity than are Lewis rats. Although the reason is not clear,
it is noteworthy that there are discrepancies between cytokine
pattern and IgG1/IgG2a ratio in Lewis rats immunized with
Al(OH), and BN rats immunized with CFA (Figures 4C and
5B).

The relationship between genetic background and immu-
nity was tested by cytokine assay, which demonstrated that
antigen-specific production of IFN-y was detected only in
Lewis rats and of IL-4 was detected only in BN rats (Figure
5, A and B). Importantly, IFN-y production was noted in Lewis
rats at a similar level for CFA and Al(OH), (data not shown).
In contrast, IL-4 production was detected in BN rats by ei-
ther adjuvant, but CFA induced more IL-4 production than
did AI(OH), (data not shown). In addition, mitogenic stimuli
induced both cytokines in each strain at a similar level for
each cytokine. These data suggest that antigen-specific Th1/
Th2 balance evaluated by cytokine production is genetically
determined and is not affected by adjuvant.

Infiltration of eosinophils and production of IgE in BN
rats indicated that EC in BN rats is an allergic disease. Be-
cause eosinophils and IgE were not detected in Lewis rats,
EC in this strain should not be regarded as an allergic in-
flammation. Therefore, the different responses as well as
different histological changes between Lewis and BN rats
could be considered to represent different types of EC: Th2
immunity-mediated (allergic) in BN rats and Thl immunity-
mediated in Lewis rats. To the best of our knowledge, this
is the first demonstration of distinct, different models of con-
junctivitis in different strains of rats by using the same an-
tigen and adjuvant. Furthermore, although several experimen-
tal allergic conjunctivitis models in rats have been reported
(32, 33), the model reported here is the best characterized
in terms of immune responses. This information suggests that
it may be useful to have these two different types of EC as
the models for different types of human conjunctivitis (Thl
mediated and Th2 mediated [allergic]), because disease
models are usually used for the clinical trials of new drugs.

In conclusion, genetic differences between Lewis and BN
rats are more important than adjuvant differences in the
determination of the nature of EC and Th1-Th2 balance. In
addition, a strong adjuvant effect, in terms of antigen-spe-
cific cellular immune responses, is related to the induction
of severe EC as evaluated by intense cellular infiltration.
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