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Background: Autoimmune mechanisms have been postulated as a cause of diabetic retinopathy
(DR), as several autoantibodies have reportedly been detected in the serum of DR patients. In
this present study, we measured serum and vitreous levels of anti-type II collagen (anti-1I-C)
antibodies in DR patients and investigated their association with the mechanism of develop-
ment of DR.

Patients and methods: Blood samples were obtained from patients with proliferative DR
and from patients with diabetic macular edema who underwent vitrectomy at Osaka Medical
College, Takatsuki City, Osaka, Japan. Diabetic patients without DR were also included. The
control group consisted of age- and sex-matched patients with noninflammatory eye diseases
who underwent eye surgery for retinal detachment or for cataracts. The levels of anti-II-C
immunoglobulin (Ig)G antibody in the vitreous and serum were measured using a human/
monkey anti-II-C IgG assay Kkit.

Results: The serum levels of anti-II-C IgG antibody were significantly higher in the DR
patients than in the patients with noninflammatory eye disease (56.8+33.8 units/mL versus
30.5£13.7 units/mL, respectively; P<<0.05, Fisher’s exact test). These levels were also signifi-
cantly higher in the diabetic patients without DR than in the patients with noninflammatory eye
disease (76.3£49.7 units/mL versus 30.5+13.7 units/mL, respectively; P<<0.01, Fisher’s exact
test). However, anti-1I-C IgG antibody levels were unable to be detected in all of the obtained
vitreous fluid samples.

Conclusion: The development and progression of DR may be related to a mechanism involv-
ing intraocular type II collagen, which normally has immunological tolerance as a sequestered
antigen. In DR, the disruption of the blood-retinal barrier leads to contact between the intraocular
type II collagen and immunocompetent cells, and to subsequent activation of the autoimmune
mechanism.
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Introduction

The development of diabetic retinopathy (DR) is now generally thought to be due
to chronic inflammation. Evidence for this includes the following clinical findings
in patients with DR: 1) increased blood levels of inflammatory biomarkers such as
C-reactive protein; 2) increased vitreous levels of inflammatory cytokines such as tumor
necrosis factor alpha, interleukin (IL)-1, and IL-6; and 3) infiltration of inflammatory
cells such as neutrophils, macrophages, and lymphocytes (which are normally not
found in the eye) into proliferative tissue collected during vitrectomy.'> Autoimmune
mechanisms have also been postulated as a cause of DR.6
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Autoimmune diseases are characterized by large indi-
vidual differences in disease development and progression.
This is largely due to the polymorphism of histocompatibility
antigen (HLA) genes involved in immune reactions.” How-
ever, some patients, even those with long-term poor glycemic
control, still fail to develop DR despite the absence of factors
like optic atrophy or high myopia that may aid in its preven-
tion. On the other hand, some patients develop proliferative
DR in a relatively short period of time. These large individual
differences in disease progression support the idea that auto-
immunity plays a role in DR. Moreover, polymorphism of
HLA-DR which, among HLA genes, is strongly associated
with autoimmune disease, has also been reported to play a
role in DR progression.®'* Several autoantibodies seen in
autoimmune disorders have also been seen in the serum and
lacrimal fluid of DR patients.''!

Rheumatoid arthritis (RA) is one of the typical
autoimmunity-related diseases. Type II collagen is present
in articular cartilage, and autoantibodies to type II collagen
are found in patients with RA.'®!7 When animals are immu-
nized with type II collagen and an adjuvant, RA-like lesions
in their joints have been reported to develop.'® Moreover,
autoimmune reactions to type II collagen are reportedly
involved in the development of RA. In patients with RA,
after chronic joint inflammation develops, neovascularization
due to vascular endothelial growth factor (VEGF) occurs and
synovial cells lining the inner layer of joint capsules increase
to form proliferative tissue with blood vessels, which is called
“pannus”.'” Meanwhile, in DR, as in RA, neovascularization
due to VEGF occurs, glial cells (Muller cells) proliferate,
and a proliferative membrane forms in the vitreous. If the
stage of simple retinopathy is regarded as a state of chronic
inflammation of the retina, then the form of progression to
DR may be very similar to RA.

Type II collagen is involved in the pathogenesis of RA,
and besides being present in joint cartilage in adults, it is also
found in the vitreous. Therefore, we measured the serum and
vitreous levels of anti-type II collagen (anti-11-C) antibodies
in DR patients and investigated their association with the
mechanism of development of DR.

Patients and methods

Blood samples were obtained from patients with prolifera-
tive DR and from patients with diabetic macular edema
who underwent a vitrectomy at Osaka Medical College,
Takatsuki City, Osaka, Japan. Diabetic patients without
DR were also included. The control group consisted of
age- and sex-matched patients with noninflammatory eye

diseases who underwent eye surgery for retinal detach-
ment or for cataracts. With the exception of the cataract
patients, vitreous fluid samples were obtained from all
patients. Patients were excluded from the study if their
blood samples were positive for rheumatoid factor, they
exhibited symptoms of RA, or they had inflammatory eye
diseases. We also excluded patients if they had vitreous
hemorrhage or if they had previously undergone any other
eye surgeries. This study was conducted in accordance
with the tenets set forth in the Declaration of Helsinki, and
informed consent was obtained from each patient prior to
the initiation of the study.

Anti-lI-C IgG antibody measurement
For the measurement of anti-II-C immunoglobulin (Ig)G anti-
body, blood samples were first centrifuged with the obtained
blood serum and then diluted 20-fold using a sample/standard
dilution buffer. After the addition of 50 UL of collagenase
(Sigma-Aldrich Co., St Louis, MO, USA), hyaluronidase
(Sigma-Aldrich Co.), and 1 uL of calcium chloride dehydrate
(Nakarai Tesque, Inc., Kyoto, Japan), the vitreous samples
were incubated at room temperature for 1 hour. The samples
were then diluted 20-fold by adding 125 pL of 10 mM
EDTA/0.02% sodium azide/phosphate buffered saline and
250 UL of sample/standard dilution buffer. The samples were
then stored at —20°C until the experiment was performed. The
levels of anti-II-C IgG antibody in the vitreous and serum
were measured using a human/monkey anti-I1I-C IgG assay
kit (Chondrex, Inc., Redmond, WA, USA) according to the
manufacturer’s instructions. To correct for any false positive
reactions caused by the adhesive Igs contained in the samples,
we first determined a unique nonspecific background value
for each of the individual samples by using antigen-noncoated
wells. We then subtracted this from the value determined in
the antigen-coated wells in order to obtain the correct result
of the antigen—antibody reaction.

Statistical analysis
Statistical analysis was performed using Fisher’s exact test.
A P-value of =0.05 was considered statistically significant.

Results

Of'the total 47 patients included in this study, blood samples
were obtained from 17 patients with DR, 14 diabetic patients
without DR, and 16 control patients (nine with retinal detach-
ment and seven with cataract). The clinical characteristics of
the patients in each of these three groups are shown in Table 1.
During the actual surgery, we also obtained vitreous samples

submit your manuscript

544

Dove

Clinical Ophthalmology 2015:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Anti-type Il collagen antibody in diabetic retinopathy

Table | Clinical characteristics of the three groups of patients
involved in this study

Patients Diabetic patients Control patients
with DR without DR

N 17 14 16

Male/female 11/6 9/5 11/5

Mean age, years  55.8+9.1  65.4+10.7 59.4121.0

Abbreviations: DR, diabetic retinopathy; N, number.

from 15 patients with DR and five patients with retinal
detachment.

The serum levels of the anti-1I-C IgG antibody were sig-
nificantly higher in the DR patients than in the patients with
noninflammatory eye disease (56.84+33.8 units/mL versus
30.5£13.7 units/mL, respectively; P<<0.05, Fisher’s exact
test) (Figure 1).These levels were also significantly higher
in the diabetic patients without DR than in the patients with
noninflammatory eye disease (76.3+49.7 units/mL versus
30.5£13.7 units/mL, respectively; P<0.01, Fisher’s exact test)
(Figure 1). However, anti-II-C IgG antibody levels were unable
to be detected in all of the obtained vitreous fluid samples. The
detection levels from the vitreous samples was <5 units/mL.

Discussion

Cartilage and vitreous, which contain type II collagen,
are both avascular tissues. As a result, type II collagen
is considered to be a sequestered antigen that is able to
escape surveillance of the immunocytes circulating in the
blood throughout the body, and thus has immunological
tolerance.?*?* Although the reason remains unknown, in RA
there is a loss of the immunological tolerance that leads to the
development of various autoantibodies, including anti-II-C
antibodies, and the progression of articular tissue destruction
due to an autoimmune response.

I * I

140- % DR (n=17): 56.8+33.8
1201 Non-DR (n=14): 76.3+49.7
Control (n=16): 30.5+13.7
_1100-
% 80+ *P<0.05; **P<0.01 (Fisher's exact test)
E 604
> 40
20 %
0

DR Non-DR  Control

Figure | Serum levels of anti-II-C IgG antibody.

Notes: The serum levels of anti-ll-C IgG antibody (units/mL) were significantly
higher in the DR patients than in the patients with noninflammatory eye disease.
Moreover, those levels were also significantly higher in the diabetic patients without
DR than in the patients with noninflammatory eye disease.

Abbreviations: DR, diabetic retinopathy; anti-ll-C, anti-type Il collagen;
Ig, immunoglobulin.

In addition, serum levels of anti-II-C antibodies are
also increased in RA and play a role in the pathogenesis
of other diseases in which cartilage is destroyed, including
osteoarthritis,® relapsing polychondritis,* systemic lupus
erythematosus with arthritis,” and temporomandibular
arthritis.?® The inner ear (and part of the auditory ossicles)
also contains cartilage, and in diseases of the inner ear such as
Meéniére’s disease, otosclerosis, and autoimmune ear disease,
serum titers of anti-II-C antibodies are increased.?’?* In addi-
tion, as in RA, when type II collagen is injected into animals,
pathology resembling Méniére’s disease is reported to occur.?
Thus, in diseases where the inner ear is attacked, an autoimmune
response to type II collagen is thought to play a role.

Balashova et al'® reported increased serum and lacrimal
fluid anti-II-C antibodies and immune complexes in patients
with DR. In this present study, serum levels of anti-II-C anti-
bodies were also increased in diabetic patients with and with-
out DR. However, the mechanism for the increase of serum
anti-II-C antibodies in diabetic patients remains unclear.

As mentioned earlier, the vitreous, together with joints
and the inner ear, is one of the few tissues in which type II
collagen is present in adults. In RA and Méniére’s disease, in
which cartilage is damaged, anti-11-C antibodies are related
to the pathogenesis. Thus, there may be a similar mechanism
in DR involving vitreoretinal lesions.

Interestingly, the three tissues in which type II collagen
is present — ie, joints, the inner ear, and vitreous — contain
synovial fluid, lymph, and vitreous humor, respectively.
Because of the blood—joint barrier, blood—labyrinth barrier,
and blood-retinal (ocular) barrier, these fluids are sequestered
from the immunocytes in the blood.**?> However, in DR,
there is persistent hyperglycemia that disrupts the blood—reti-
nal barrier which, in turn, leads to an increase in the vascular
permeability and the occurrence of macular edema. As the
lesions progress in RA and Méniére’s disease, hydrarthrosis
and endolymphatic hydrops also occur. Moreover, the barrier
function is disrupted, vascular permeability increases, and
immunological tolerance may be lost in these diseases.

Previous studies have reported finding an increase in the
anti-II-C antibodies in the synovial fluid of RA patients, and
in the endolymph of Méniere’s disease and autoimmune ear
disease patients.!?’*3 However, with the exception of one
patient with mild preretinal hemorrhage, we were unable to
detect anti-II-C antibodies in the vitreous humor of any of
our DR patients. The reason for these findings may be related
to differences between the vitreous and the synovial fluid
and endolymph. Although the synovial fluid and endolymph
do contain a precursor type II procollagen with a different
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antigenicity, no type II collagen is present. In contrast, the vit-
reous humor does contain type II collagen. Thus, its presence
may have interfered with our measurements and prevented
the detection of any anti-II-C antibodies. Even though the
vitreous samples were treated with collagenase in our current
experiment, the enzyme-linked immunosorbent reactions may
have been blocked due to the binding of the anti-II-C anti-
bodies to the remaining collagen that was not enzymatically
degraded, or to the collagen degradation products.

In RA, immune complexes and complement titers are
elevated in the serum and synovial fluid, and the immune
complexes precipitate in the tissues. Therefore, the joint
lesions are thought to be due to a localized type 111 (Arthus)
allergic reaction. This is supported by the fact that fibrinoid
degeneration is a pathological feature of the Arthus-type
allergic reactions, with fibrin precipitates reported to occur
in the synovium in RA patients.*

In addition, it has also been reported that there are elevated
immune complexes and complement titers in the serum of DR
patients. A previous study that examined DR patients reported
finding increased hard exudates in the retina in simple diabetes,
fibrin precipitates in the hard exudates, and increased fibrinoid
reactions after intraocular surgery.’® Furthermore, it has also
been found that there is precipitation of antibodies and comple-
ment components in the retinal tissue of DR patients, with these
precipitated antibodies and complement presumably forming
immune complexes with antigens in the retina.’® Therefore,
similar to RA, DR may develop due to an Arthus reaction
(localized immune-complex lesions). Since the amount of
antibodies far exceeds the amount of antigens in the blood,
there is no formation of immune complexes. However, similar
amounts of antibodies and antigens occur in the peripheral
tissues and thus, precipitation of the immune complexes and
the formation of lesions. Consequently, immunosuppressive
therapy may potentially become a new treatment pathway for
DR in the future. In fact, to some extent, this has already been
suggested in previously published reports.’”#

Since the retina is formed during development by pro-
trusion of the brain tissue, the structures of the retinal and
cerebral blood vessels are very similar. In fact, cerebral
arteriosclerosis can be assessed during clinical examinations
by evaluating the appearance of the retinal blood vessels.
However, even if diabetes persists, capillary aneurysms and
hard exudates that are seen in DR do not occur in the brain
tissue, and there is no observed occurrence of parenchymal
hemorrhage or neovascularization.*'** The differences noted
between the cerebral and retinal blood vessels in diabetes may
be because type II collagen is found in the vitreous but not in

the brain. Moreover, our observation that there are differences
in the responses supports our theory that DR occurs due to
an immune response to type II collagen.

Conclusion

The findings of this study show that the development and
progression of DR may be related to a mechanism involving
intraocular type II collagen, which normally has immunologi-
cal tolerance as a sequestered antigen. In DR, hyperglycemia
causes disruption of the blood—retinal barrier, which leads
to contact between the intraocular type II collagen and
immunocompetent cells, and to the subsequent activation
of the autoimmune mechanism. To definitively clarify the
relationship between DR and autoimmunity, further inves-
tigations are needed.
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