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INTRODUCTION the factors. We already reported the presence of herpes
simplex virus (HSV) DNA in saliva’, intestinal mucosaz,
Although the etiology of Behget’s disease is unclear, and genital mucosa’® from patients with Behget’s disease
viral infection has long been postulated as being one of using polymerase chain reaction (PCR). We have also been
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able to induce Behget’s disease-like symptoms in ICR
mice by inoculation of HSV*. However, HSV alone is not
sufficient to explain the pathogenesis of Behget’s disease.

There are some evidences to suggest that immunological
abnormalities are important with its pathogenesis. A dis-
turbance in circulating T cell function was found initially
in a small decrease in CD4 cells”’ and a defect in sup-
pressor function®. The mucocutaneous lesions of Behcet’s
disease were initially infiltrated with CD4, CD8 cells,
macrophages and dendritic cells followed by neutrophils.
However, more recently, attention has focused on TH1 and
TH2 cytokines generated by T cells. A mixed pattern of
TH1 and TH2 was observed, probably with a significant
contribution from macrophagesg.

To study the possible relationship between immune
regulation and induction of Behget’s disease-like symptoms,
inactivation or activation of T lymphocytes or macrophages
before andfor after inoculation of HSV was necessary. It
has been reported that long-term treatment with silica or
anti-macl or anti-mac2 monoclonal antibody may cause
macrophage deplétion or inactivation. Also treatment with
anti-CD4 or anti-CD8 monoclonal antibody may cause T

01l As an initial step of

cell inactivation or depletion
inactivation experiment, we have used several monoclonal
antibodies against macrophages and T lymphocytes to
inactivate T cells and macrophages followed by HSV
inoculation in ICR mice to see whether they might play a

certain role in the pathogenesis of Behget’s disease.

MATERIALS & METHODS

A total of 258 male, 4 to 3-week-old ICR mice were
used for this study. Using the method of Hirata et al.",
the ear-lobes of the mice were scratched with a needle,
then inoculated with 1.0X10° plaque forming unit/ml of
herpes simplex virus type 1(F strain). Virus inoculation
was performed twice with a 10day interval, followed by
16 weeks of observation. As a control, mice were
inoculated in the same site with a culture medium. And
anti-macl, anti-mac2, anti-CD4, anti-CD8, anti-macl +
anti-mac2, and cyclosporin A were also intraperitoneally
" injected to mice for T cell or macrophage inactivation.
These knockout methods followed Baek and Yoon’s
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methods'™".

controlled conventional rooms (20-22°C, 12h light cycle

Mice were bred in temperature-and light-

starting at 8:00a.m.). The mice had free access to food
and water. During the experimental period, the” animals
were closely observed and photographed. Animals were
handled in accordance with a protocol approved by our
institutional animal care committee.

Antibody preparation

Hybridoma cell lines from ATCC were cultured as
follows. ATCC TIB-166 (GK1.5), anti-CD4 antibody "pro-
ducing cell line was cultured in DMEM with 4.5 g/L
glucose and 20% fetal bovine serum. ATCC TIB-105 (53-
6.72), anti-CD8 antibody producing cell line was cultured
in RPMI 1640 medium with 10% fetal bovine serum.
ATCC TIB-128 (M1/70.15.11.5.HL), antibody
producing cell line was cultured in DMEM with 4.5 g/L
glucose and 10% fetal bovine serum. ATCC TIB-166
(M3/38.1.2.8 HL2), anti-mac2 antibody producing cell line

anti-macl

‘was cultured in RPMI 1640 medium with 20% fetal bo-

vine serum. At the time of cell lysis without new medium
exchange, the supernatant was collected and concentrated
with Centriplus-50 (Amicon Inc., Beverly, MA, USA). The
concentration of antibody was measured with Bio-Rad
protein assay kit (Bio-Rad, Hercules, California, USA). The
concentrated antibodies were used for T cell and macro-

phage knockout.

T cell inactivation

Mice were treated with 1mg/mouse/day of anti-CD4 or
anti-CD8 monoclonal antibody intraperitoneally three times
(on days -3, -2, -1) prior to viral infection and once (on
day +1) after viral infection. Another group of mice was
treated with 0.4 mg Cyclosporin A for 6 consecutive days
prior to viral infection.

Macrophage inactivation

Mice were treated with 2mg/mouse/day of anti-Macl
andfor anti-Mac2 monoclonal antibody intraperitoneally
twice (on days —2 and —1) prior to virus infection and
twice (on days +1 and +2) after viral infection.

Gross photography
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Symptomatic mice were photographed with Nikon FM2

camera equipped with 105 mm microlens.

Histochemistry

The spleen tissues of mice were made into paraffin-
embedded blocks and used for histochemistry. Primary
antibodies (anti-macl, CD4, CD8 antibody) were purchased
from Boehringer Mannheim (Mannheim, Germany) and
produced in our laboratory using hybridoma cell lines from
ATCC (anti-CD4, ATCC TIB-166, GK1.5; anti-CD8, ATCC
TIB-105, 53-6.72; anti-macl, ATCC TIB-128, M1/70.15.
115HL; anti-Mac-2, ATCC TIB-166, M3/38.1.2.8 HL2).
Horseradish peroxidase-conjugated rabbit anti-rat Ig was
used as a secondary antibody. The histochemical results
were same using in commercial antibodies and produced
antibodies from hybridoma cell line except anti-mac2
antibody. Anti-mac2 antibody was commercially not avail-
able.

RESULTS

The mice inoculated with HSV alone or combined with
antibodies or drug manifested changes after the first virus

The Possible Role of T Cell and Macrophage in Development of Behget’s Disease-like — 71

inoculation. The signs that appeared in most groups were
very similar, such as partial hair loss in the face region,
erythema in the scratched earlobe, eye symptoms, and skin
ulcerations of the earlobes, scruff, genitalia and other
regions (Fig. 1a, b). The pattern and the incidence of ma-
nifestations were similar to our previous report in HSV
injected mice. As we followed in previous paper, two or
more symptoms in one mouse were considered to be an
indication of Behgcet’s disease-like syndrome. As controls,
the culture media inoculated, anti-macl, mac2, CD4, CD8
antibody or Cyclosporin A injected mice had no Behget's
disease-like symptom.

After antibody- or cyclosporin A-injected knockout or
inactivation, the spleen tissues were used to confirm the
existence of macrophage or T cell on immunohisto-
chemistry. The spleen tissue of anti-macl antibody injected
(i.p.) mice was not stained with anti-macl antibody (Fig.
2d). Anti-mac2 antibody treated spleen tissue of mice was
also not stained with anti-mac2 antibody (Fig. 2¢) compare
to PBS injected control mouse (Fig. 2a; anti-mac2, b; anti-
macl). Anti-CD4 antibody treated mouse was stained with
some anti-CD4 antibody (Fig. 3c) but more faint than PBS
injected control mice (Fig. 3a; anti-CD4, b; anti-CDS).

Fig. 1. Skin ulcerations of face and back after anti-mactl antibody (a) or Cyclosporin A (b) treatment followed by HSV injection. The

patterns of manifestations are simlilar to HSV only injection.



72 en] B pea]) A 5 A A 15 1998

AR 5

Fig. 2. Immunohistochemical results from spleen of normal mouse stained with anti-mact antibody (b) and anti-mac2 antibody (a). (d) is
the ant-macl antibody freated and stained with anti-maci antibody, (c) is the anti-mac2 antibody treated and stained with anti-mac2
antibody.

Table 1. The number of ICR mice according to manifestation after HSV inoculation andfor immune cell inactivation.

treatment single symptom/total number BD-like symptom / total number  death / total number
culture media 02 0/32 0/32
HSV 6/30 8/30 (26.7%) 5/30
HSV+mac-1 Ab 7/10 2/10 (20%) 1/10
HSV+mac-2 Ab 6/10 3/10 (30%) 0/10
HSV+CD4 Ab 7/10 2/10 (20%) 1/10
HSV+CD8 Ab 9/10 1/10 (10%) 0/10
HSV+macl+mac2 Ab 7/9 1/9 (11.1%) 0/9

HSV+Cyclosporin A 18738 4/38 (10.5%) 0/38

Anti-CD8 antibody treated mouse was not stained with anti-CD4 (Fig. 3e) or anti-CD8 antibody (Fig. 3f)..
anti-CD8 antibody (Fig. 3d). The spleens of Cyclosporin A Table 1 lists the numbers/percentages of mice afflicted
injected mice showed negative results when stained with with HSV and/or antibodies or drug. The incidence of
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Fig. 3. Immunohistochemical results from spleen of normal mouse stained with anti-CD4 antibody (a) and anti-CD8 antibody (b), anti-CD4
antibody treated and stained(c), and anti-CD8 antibody treated and stained (d), cyclosporin A treated and stained with anti-CD4 antibody

(e) and stained with anti-CD8 antibody (f).

control (media)
HSV 26.7%
HSV+macl Ab
HSV+mac2 Ab
HSV+CD4 Ab
HSV+CD8 Ab
HSV+macl, mac2 Ab

HSV+Cyclosporin A

30%

Fig. 4. Comparison of the rate of incidence in Behcet's disease-like
symptom after HSV inoculation andfor immune cell inactivation
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Behget’s disease-like symptoms was different in each of
experimental groups. Except for the group of HSV
combined with anti-macl antibody, all experimental groups
showed lower incidence of Behget’s disease-like symptom
than the group inoculated with HSV only.

DISCUSSION

Behget’s disease has been considered at times to be a
viral infection or autoimmune disease; streptococcal-related
antigens, specific alleles of the human major histocompa-
tibility complex, and hazardous chemicals have also been

12,13,15-19 .
3515 The virus as a

proposed as etiologic factors
causative agent was first propounded by Turkish derma-
tologist, Hulfisi Behget in 1937%. Since then, many studies
have suggested a viral involvement in the disease. Eglin et
al. showed by in situ DNA-RNA hybridization that at least
part of the HSV-1 genome is transcribed in peripheral
blood mononuclear cells of patients with Behget’'s dis-
ease”. This was confirmed by Bonass et al. who detected
HSV-1 DNA by dot blot .-DNA-DNA hybridization in pa-
tients with Behget’s disease™. Bergmann et al. found an
association between intraoral ulcers and HSV among im-
munocompromised patients with hematologic malignancies.
HSV-1 saliva cultures were positive in 9 of 16 patients
with intraoral ulcers (56 percent) but negative in all 23
patients without such ulcerations™. In our previous study,
26 of 66 saliva specimens from patients showed an
unequivocal amplified band for HSV DNA after PCR,
suggesting some conhection between Behget’s disease and
the presence of HSV DNA. Nevertheless, there were
factors to indicate that HSV was not the only pathogen
involved in the patients. For example, treatment with acy-
clovir, which is of proven efficacy in the treatment of
HSV infection, failed to alleviate the frequency and
severity of orogenital ulceration or other clinical features
of Behget’s disease®. Furthermore, investigations by Young
et al. of the possible relationship of HSV-1 to the patho-
genesis of the disease showed that HSV-1 stimulation of
CD4+ cells of patients with Behcet’s disease produced low
proliferative responseszs. This strongly implies that these

patients’ immune response to HSV is already impaired.
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Macrophages play a central role in the immune response
against immunologically active molecules”. The key roles
of macrophages include the presentation of processed
antigen to helper T lymphocytes in the context of MHC
class II molecules present on the surface of macrophages.
The helper T lymphocyte is activated only when it
interacts with the antigen presented on the surface of a
macrophage or other antigen-presenting cell. In contrast,
the direct exposure of lymphocytes to an antigen in the
absence of antigen-presenting cells has been shown to
induce immunological tolerance to the specific antigen”.
Therefore, it could be hypothesized that a decrease in
macrophages andfor T lymphocytes may further hinder the
immune process.

There is a hypothesis about the relationship between the
pathophysiology of Behget’s disease and autoimmune
responses present in the disease™. Antigens, such as
bacteria, virus, heat shock protein, stimulate macrophages,
and stimulated macrophages activate T cells, neutrophils, or
induce tissue damage directly. Therefore, we hypothesized
that inactivation of macrophage andfor T lymphocytes
before HSV inoculation may decrease the expression of
Behget’s disease-like symptoms.

In this study, antibody-or drug-treated knockout or inac-
tivation of immune - cells decreased the incidence of
Behget’s disease-like symptoms in HSV inoculated mice,
whereas the positivity of a single symptom was higher.
These results suggest that the immunologic status of the
host before HSV inoculation may play an important role
in the induction of Behget’s disease-like symptoms. Fur-
ther studies including activation of macrophages or T cells
along with HSV inoculation will be necessary to confirm
the relationship between immune regulation combined with
viral etiology and the etiopathogenesis of Behget’s disease.
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