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Purpose: To investigate the association between serum complement components and age-
related macular degeneration (AMD).

Patients and Methods: A total of 118 AMD patients and age- and sex-matched 106
control subjects were included. Demographic data and the level of serum complement
component (C)lq, C3 and C4 were evaluated. Based on sex, the subjects were stratified
into male and female subgroups.

Results: The level of Clq (226.31+45.33mg/dL) was significantly higher and C3 (121.14
+15.76mg/dL) was significantly lower than that in control group (200.03+38.54mg/dL)
(128.42419.81mg/dL) in the female AMD patients (p = 0.005, p = 0.045). Logistic regres-
sion showed that increased C1q (OR =1.132, p = 0.016) and decreased C3 (OR = 0.960, p =
0.048) were independent risk factors for female AMD patients. No statistical significance
was observed in the male.

Conclusion: Increased Clq and decreased C3 were associated with increased risk of AMD,
suggesting that the complement classical pathway probably be involved in AMD, especially
in female.

Keywords: macular degeneration, complement classical pathway, complement component,

peripheral blood, case-control study

Introduction
Age-related macular degeneration (AMD) is one of the leading cause of irreversible
visual impairment and disability among the elderly worldwide."> AMD is mainly
characterized with the accumulation of drusen, retinal atrophy and the development
of abnormal choroidal neovascularization. The pathogenesis of AMD is still not
entirely clear, accumulating advances in the last decades have highlighted the
contribution of dysregulation of the complement system to the pathology of AMD.?
Complement is a kind of protein existing in human serum, tissue fluid and cell
surface, and after activation of the enzyme activity, can mediate immune reaction to
eliminate pathogens.* It is mainly activated by three independent but overlapping
pathways, namely the classical pathway, the bypass pathway and the lectin pathway
and all pathways lead to cleavage of complement C3, which leads to the formation
of the membrane attack complex made up by C5b-C9. Overactivation of the
complement system produces an immune inflammatory response that can result in

tissue destruction.’
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A large number of studies have shown that the activa-
tion of complement system is deeply involved in AMD.®
The increased expression of complement components
including C3, CFB, CFH, CFI, and ClgA was found in
atrophic regions of AMD patients.” Whitcup et al found
C3 and C3a and other immune substances accumulated
under the retina and caused the activation of complement
system and forming of drusen, which was associated with
degeneration of retinal pigment epithelial (RPE) cells.®
The activators and regulatory proteins of complement
have also been discovered to be constituents of drusen.’

Moreover, several scholars have proposed that the acti-
vation of the systemic complement system may make
a contribution to AMD. Lechner et al found the increased
systemic complement activation with increased C3a, C4a
and C5a in AMD patients.'” Lynch et al discovered the
elevated plasma levels of C3a and sC5b-9 were indepen-
dent risk factors for wet AMD."" As shown, the comple-
ment activation occurs in peripheral blood of AMD
patients; however, the contribution of each complement
pathway to C3 activation is still unknown. Notably, accu-
mulating research has suggested that Clq, which is the
initiator of classical pathway of complement system is
related to aging-related disease.'?

It has been reported that C1q not only facilitates apop-
totic debris removal but also gets involved in the damage
of vascular endothelial cells and nerve cells.'*'* Naito
et al proved that the level of Clq in both serum and tissues
increased with age and Clq could activate canonical Wnt
signaling and promote aging-related phenotypes.'® In the
study of Stasi et al, Clq expression was found to be
upregulated in the retina of glaucomatous mice, monkey
and human eyes, which preceded the time of extensive
retinal ganglion cell death.'® In addition, Webster et al
discovered that increased Clq was associated with amy-
loid-p accumulation in Alzheimer’s Disease.'’

To date, the serum level of Clq has not been reported
in AMD patients. Therefore, we aimed to detect serum
complement mainly Clq and C3 to study the association
of Clq and C3 with AMD to explore the contribution of
the classical complement pathway to disease.

Patients and Methods

Study Population

This retrospective study was performed by the Eye and ENT
Hospital of Fudan University in Shanghai and implemented
according to the principles of Helsinki Declaration. In this

project, patients diagnosed with AMD were collected from
Ophthalmology Department of Eye and ENT Hospital of
Fudan University from January 2019 to December 2020.
During the study period, normal individuals were collected
from a population that attended annual health screenings. At
the same time, informed consent was obtained from AMD
patients and normal controls. A structured questionnaire was
used to determine their medical history, including current
history of diabetes, hypertension, smoking and alcohol
intake. Subjects were considered to have a smoking history
if they were current or previous smokers >1 cigarette per day
for >6 months. History of alcohol intake was considered if
current or previous alcohol consumption was >3 times per
week and the interval was >6 months.

Inclusion and Exclusion Criteria

Each subject underwent standardized ophthalmic examina-
tions, including an assessment of refractive status and slit-
lamp biomicroscopy. Patients with AMD underwent fundus
fluorescein angiography and/or choroidal indocyanine green
angiography and diagnosed by experienced ophthalmologist.

Inclusion Criteria of AMD Group
(1) >18 years old;

(2) non-pregnant women;

(3) had macular damage in one or both eyes: including
fundus manifestation of vitreous warts, choroidal neovascu-
larization, subretinal hemorrhage and disc-like fiber scar.

Exclusion Criteria of AMD Group
(1) had other diseases causing neovascularization and
hemorrhage in macular area;

(2) had glaucoma, diabetic retinopathy, uveitis and
other ocular disease;

(3) had tumor, heart disease, liver disease, nephropathy,
nervous system disease, autoimmune diseases, hematono-
sis, severe infectious diseases and other systemic diseases;

(4) had missing data.

Inclusion Criteria of Control Group
(1) >18 years old;

(2) non-pregnant women;

(3) had no clinical manifestations of AMD or other eye
diseases were confirmed by ophthalmic examination.

Exclusion Criteria of Control Group

(1) had tumor, heart disease, liver disease, nephropathy,
nervous system disease, autoimmune diseases, hematono-
sis, severe infectious diseases and other systemic diseases;
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(2) had missing data.

According to inclusion and exclusion criteria, as shown
in Figure 1, a total of 418 AMD patients and 180 control
subjects were collected. Three hundred AMD patients and
74 control subjects were excluded, and 118 AMD patients
and 106 control subjects were eventually included in this
study.

Sample Collection and Testing

After fasting for 8 hours, 4.5mL blood samples were
collected in the morning using standard anterior cubital
fossa vein puncture (anterior cubital vein) and yellow cap
vacuum vascularization (including coagulant).
Centrifugation at 1700g for 10 min to separate the
serum. The levels of Clg, C3 and C4 were determined
by immunoturbidimetry with Cobas 8000 automatic bio-
chemical analyzer (Roche Cobas, Basel, Switzerland).
Normalized values for Clq are 159 to 233mg/dL, for C3
components are 90 to 180mg/dL and for C4 are 10 to
40mg/dL. The coefficient of variation for indoor quality
control was 3% to 7% on a daily basis during the study

period, with no significant change in values.

Data Analysis
Sample Evaluation
This study was a case-control study, with AMD patients in
the case group, and healthy subjects in the control group,
and Clq was considered as the main observation factor.
The matching principle was that the age difference

between the subjects in the case and control group was
within £3 years, and the matching ratio was 1:1. PASS 15
software was used to calculate the sample size. According
to reports in the previous literature, we set the OR = 2.7,
p=0.2, a= 0.05, p= 0.10 and obtained the sample size of
each group was 115. After strictly excluding, our research
basically met the requirements.

Calculating

Statistical software (SPSS 25.0 version; SPSS, Inc., NewYork
City, NY, USA). Independent sample ¢ test, Mann—Whitney
U-test and Pearson’s chi-square test were used to analyze
differences in basic characteristics between AMD group and
normal control group. Binary logistic regression analysis was
used to evaluate the correlation between Clqg, C3, C4 and
AMD after adjusting for age, gender, history of diabetes,
hypertension, smoking and alcohol consumption. P < 0.05
was considered statistically significant.

Results
Demographic Data

As shown in Table 1, there were no significant differences
in age, gender and diabetes history between the control
group and the AMD group (p > 0.05). The age distribution
of AMD and control group is shown in Supplementary
Figure 1. There were significant differences in history of
hypertension (p < 0.001), smoking (p < 0.001) and alcohol
intake (p < 0.001) between the control group and the AMD

group.

A total of 418
AMD patients

A total of 180
control subjects

162 patients with
glaucoma, diabetic g 49 subjects with heart
retinopathy and disease, liver disease,
uveitis were excluded [ nephropathy, nerve
diseases, autoimmune
256, disease and tumor
AMD patients were excluded
107 patients with heart '
disease, liver disease, 131
nephropathy, nerve control subjects
diseases, autoimmune
disease and tumor
were excluded 149
AMD patients 25 subjects were
» | excluded for missing
31 patients were @ data
excluded for missing
data
‘ 118 106
AMD patients control subjects
Figure | The study population flowchart.
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Table | Demographic and Clinical Characteristics of AMD Patients and Controls
AMD Control t value P value
(n=118) (n=106)
Age (mean * SD), years 62.47+12.64 62.62+8.47 —1.43 0.153*
Sex, M/F (number (%)) 58 (49.2)/60 (50.8) 59 (55.7)/47 (44.3) 0.948 0.330 ©
History of hypertension (number (%)) 56 (25) 11 (4.9) 24.683 <0.001 °©
History of diabetes (number (%)) 13 (5.8) 4 (1.8) 3.208 0.073 ©
Smoking (number (%)) 33 (14.7) | (0.4) 29.607 <0.001 °©
Alcohol intake (number (%)) 18 (8.0) | (0.4) 12.946 <0.001 °©
Clq (mg/dL) 209.52+43.87 190.63+44.18 —3.422 0.001 *
C3 (mg/dL) 120.30£16.17 122.84+20.44 —-1.031 0304 °
C4 (mg/dL) 27.68+7.33 29.89+20.68 —1.085 0279 °

Notes: *Mann Whitney U-test. ®Independent samples t-test. “Pearson’s chi-square test. The bold figures indicate p < 0.05.

Comparison of Complement Level
Between Control Group and AMD

Group

As shown in Table 1 and Figure 2, the level of Clq in
AMD group (209.52+43.87mg/dL) was significantly
higher than that in control group (190.63+44.18mg/dL)
(p = 0.001). The level of C3 (120.30£16.17mg/dL) in
AMD group was not significant lower than that in control
group (C3: 122.84+20.44mg/dL) (p = 0.304). The level of
C4 in AMD group (27.68+7.33mg/dL) was not signifi-
cantly lower than that in control group (C4: 29.89
+20.68mg /dL) (p = 0.279).

Subgroup Analysis of Complement
Components in Control Group and AMD

Group
A total of 118 patients were in AMD group, including 58
males and 60 females. A total of 106 subjects were in the
normal control group, including 59 males and 47 females.
As Table 2 and Figure 3 displays, there were no significant
differences in Clq (p = 0.193), C3 (p = 0.756) and C4 (p =
0.409) levels between male AMD patients and control
subjects. Clq in female AMD patients (226.31+45.33mg/
dL) was significantly higher than that in the control group
(200.03+38.54mg/dL) (p = 0.005). C3 in female AMD
group (121.14+15.76mg/dL) was significantly lower than
that in control group (128.42+19.81mg/dL) (p = 0.045).
Male and female AMD patients and the control sub-
jects were divided into four subgroups according to the
age quartile of AMD patients: QI1<56, 56<Q2<65,
65<Q3<71, Q4>71 retrospectively. As Table 3 shown,
there was no difference in the Clg, C3 and C4 levels

between male AMD patients and control subjects in the
four subgroups. As Table 4 shows, the level of Clq in Q1
(218.83+33.48mg/dL), Q2 (228.96+39.72mg/dL), Q3
(221.55+41.48mg/dL) and Q4 (220.40+44.60mg/dL) in
female AMD patients was significantly higher than that
in the control group (Q1:159.31£19.37mg/dL, Q2:186.88
+38.67mg/dL, Q3:205.74+35.83mg/dL, Q4: 210.61
+39.49mg/dL) (p < 0.001, p = 0.006, p = 0.041, p =
0.028; retrospectively). The level of C3 in Q1 (114.96
+15.0lmg/dL), Q2 (119.44+9.64mg/dL) and Q3 (119.44
+10.64mg/dL) in female AMD patients was significantly
lower than that in the control group (Q1:124.88+21.66mg/
dL, Q2:129.39+18.40mg/dL, Q3:128.39+12.40mg/dL) (p
=0.045, p = 0.039, p = 0.036; retrospectively).
Furthermore, AMD patients and control subjects were
divided into subgroups according to the mean of Clq and
C3—Q1 (lower Clq group, C1g<200.43mg/dL), Q2

p=0.001
4004 1
L]
3
s0{ & ° p=0.304
_| e Ciq
3 200- =0.279 e
£ A P=U. . C4
$¢ —
0 1 1 1 1 %
R R R R N R
L& L o
A Qo A
W ©° & »
v & » & v &£
9 (9)

Figure 2 Comparison of complement levels between AMD patients and control

group.
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Table 2 Comparison of Complement Levels Between Male and
Female AMD Patients and Controls

AMD Control t value | P value

Male

Clq (mg/dL) | 193.31+35.89 | 183.15+47.19 | —1.309 | 0.193*
C3 (mg/dL) 119.45£16.68 | 118.39£19.99 | —-0.312 | 0.756"
C4 (mg/dL) 27.21+£7.60 30.17+26.14 0.829 0.409*
Female

Clq (mg/dL) | 226.31+45.33 | 200.03+38.54 | —2.821 0.005*
C3 (mg/dL) 121.14£15.76 | 128.42+19.81 | —2.003 0.045%
C4 (mg/dL) 28.14+7.09 29.53+10.73 0.805 0.422*

Notes: “Independent samples t-test. The bold figures indicate p < 0.05.

(higher Clq group, C1g>200.43mg/dL), Q3 (lower C3
group, C3<121.51mg/dL), and Q4 (higher C3 group,
C3>121.51mg/dL). The number of AMD patients and
control subjects each group was counted and compared
between Q1 and Q2, Q3 and Q4. As shown in Figure 4,
the proportion of AMD patients in the Q2 group was
significantly higher than that in QI (p = 0.004). The
proportion of AMD patients in the Q3 group was not
significantly different from that in Q4 (p = 0.535).

Binary Logistic Regression Analysis

As shown in Table 5, after adjusting for age, history of
hypertension, diabetes, smoking and alcohol consumption,
binary logistic regression analysis showed the OR of Clq
was 1.120 (95% CI: 1.009-1.132; p = 0.001). In male,
there was no correlation between Clq (OR = 1.011), C3
(OR = 0.990), C4 (OR=0.952), and AMD (p > 0.05). In
female, the OR of Clq was 1.132 (95% CI: 1.106-1.159,

=0.193
| |
400
L ]
L ]
004 4 . 0=0.756
L
3
< 200- ; i p=0.409
£
: & —
100+
0 T T T T T L
N N R
& £ S &
\“o \So\ \“o \‘o\ \@ @\g
\s oo(\ v o°° v Ooo\
A

mg/dL

p = 0.016) and the OR of C3 was 0.960 (95% CI: 0.923—
1.000; p = 0.048). The increased Clq and decreased C3
were risk factors for AMD.

Discussion

In this study, we found a significant increased Clq and
decreased C3 level in serum in the female AMD patients
compared with the control subjects. In contrast, there was
no significant difference between male AMD patients and
control subjects in the level of Clq and C3. Moreover, we
found increased Clq and decreased C3 were risk factors
for developing AMD in females, which to our knowledge
has not been reported previously.

Several authors demonstrated elevated concentrations
of numerous complement compounds, for example C3a,
C3d, C5a, Ba, Bb, factor D and the complex C5b-9 in
peripheral blood of patients with AMD, suggesting the
activation of systemic complement system, which was
consistent with our findings.>'®'" Recent studies also
showed a significant correlation between the SERPING-1
gene responsible for expression of C1 inhibitor factor and
AMD, which may strongly indicate the activation of the
classical complement pathway in the pathogenesis of
AMD.?® In our study, C1q was found to be elevated and
was accompanied by decreased C3, which suggested the
classical pathway in peripheral blood may be activated,
leading to more activation and cleavage of C3, and hence
a decrease in its level. Therefore, we speculated that clas-
sical pathway of systemic complement system may be
activated and probably contribute to the development
of AMD.

p=0.005
400 | p— |
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Figure 3 Gender subgroup comparison of complement levels between AMD patients and control group. (A) the comparison between male AMD patients and control

subjects; (B) the comparison between female AMD patients and control subjects.
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Table 3 Comparison of Complement Levels in Age Subgroups of
Male AMD Patients and Controls

Table 4 Comparison of Complement Levels in Age Subgroups of
Female AMD Patients and Controls

AMD Control t value | P value AMD Control t value | P value
Male Female
Age<56 Age <56
Clg(mg/dL) | 206.85+22.40 | 173.52+50.85 | 2.074 0.056* Clq (mg/dL) | 218.83+£33.48 | 159.31+19.37 | 5.637 <0.001*
C3(mg/dL) 121.02+16.51 | 119.93+19.85 | 0.158 0.875% C3 (mg/dL) 114.96+15.01 | 124.88+21.66 | —I.161 0.045%
C4(mg/dL) 29.01+6.46 33.10£39.03 —0.342 0.734* C4 (mg/dL) 26.58+6.59 24.85+8.54 0.614 0.544*
56<age<65 56<age<65
Clq(mg/dL) | 176.01£34.39 | 172.35£35.36 | 0.309 0.759* Clq (mg/dL) | 228.96+39.72 | 186.88+38.67 | 2.985 0.006"
C3(mg/dL) 120.05+15.62 | 114.13+17.49 | 1.045 0.304* C3 (mg/dL) 119.44+9.64 129.39+£18.40 | —1.753 0.039%
C4(mg/dL) 25.61+8.18 26.28+7.81 —0.247 0.806% C4 (mg/dL) 24.1948.19 27.72+8.42 —1.175 0.249*
65<age<71 65<age<71
Clq(mg/dL) | 201.21+42.47 | 214.05£16.90 | —0.413 0.685% Clq (mg/dL) | 221.55+41.48 | 205.74+35.83 | 1.179 0.041°
C3(mg/dL) 112.91+13.88 | 133.56x11.27 | —2.046 0.059* C3 (mg/dL) 119.44+10.64 | 128.39£12.40 | —1.69 0.036%
C4(mg/dL) 29.0748.51 26.69+25.07 0.302 0.767% C4 (mg/dL) 29.58+6.82 28.07x11.08 0.399 0.693*
Age>71 Age>T71
Clq(mg/dL) | 195.46+33.86 | 220.03+44.93 | —1.742 0.092* Clq (mg/dL) | 220.40+44.60 | 210.61+39.49 | 0.560 0.028%
C3(mg/dL) 121.38+18.67 | 120.23+25.80 | 0.145 0.886" C3 (mg/dL) 120.73+9.22 124.29+12.8 —0.803 0.103
C4(mg/dL) 26.21+6.37 31.59+7.89 —1.955 0.067% C4 (mg/dL) 27.82+5.78 31.92£12.34 —-1.030 | 0.310%

Note: *Independent samples t-test.

It is well noteworthy that there is accumulating evidence
indicating the upregulation of Clq in tissue in AMD
patients.'? Jiao et al discovered that subretinal macrophages
could produce classical complement activator C1q leading to
the progression of focal retinal degeneration.”> Demirs et al
demonstrated that in macular RPE/choroid tissue, complement
mRNA and protein expression levels are about 15-100 times
higher than in normal neuroretinas, and C1qA was one of the
components detectable in atrophic areas.’

Moreover, some scholars found that there was some
correlation between AMD and several disease related to
systemic complement system. Nitsch et al performed
a case-control study including 18,007 AMD patients and
81,869 normal controls.”’ They reported that AMD
patients were more likely to have systemic lupus erythe-
matosus, glomerulonephritis, and there was a strong and
independent association between diabetic nephropathy and
AMD after excluding the effect of diabetes. Acosta et al
found that the progression from diabetes to diabetic
nephropathy may be in part mediated by disorders of the
complement system®* and a rat model with arterial hyper-
tension and albuminuria proved that the expression of Clq
was found to be significantly higher glomerular than
controls.”> Combining with the above reports, it was rea-
sonable to give a speculation that the upregulation of Clq
was not only located in retina, but also involved in whole

system in AMD patients.

Notes: “Independent samples t-test. The bold figures indicate p < 0.05.

How this may contribute to the development of AMD
is currently not well understood. Firstly, circulating com-
plement Clq may be recruited to the macular in AMD.
Previous studies showed that Clq and classical pathway
were involved in the drusen formation which was the
feature of AMD.?*?’
Johnson et al established a human RPE cell-culture

most important pathological
model that mimicked several key aspects of early-stage
AMD.?® They found drusen formation involved an acti-
vation of the complement cascade, which appeared to be
mediated via the classical pathway by the binding of Clq
to ligands in APOE-rich deposits, triggering the deposi-
tion of terminal complement complexes and inflamma-
tory response. Another study performed by Doyle et al
indicated that Clq could activate the inflammasome
NLRP3, leading to lysosome rupture and eventual
release into the extracellular matrix and damage of sur-
rounding RPE cells.” Furthermore, C1q was suggested to
be involved in the progressive photoreceptor loss and
neuroinflammation in retinal degenerations, facilitating
the progression of late-stage retinal atrophy.*

Secondly, accumulated complement activated products
such as C3a, C5a, and membrane attack complex was
found to be involved in the formation of drusen and may
also be related to the new blood vessels as reported.”'
The following question is what is the cause of complement
activation. A growing body of evidence indicates that
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Figure 4 The proportion of AMD patients and control subjects in subgroups defined by the mean of Clq and C3. (A) subgroup defined by the mean of Clq. Ql:
C1q=<200.43mg/dL, and Q2: Cl1q>200.43mg/dL; (B) subgroup defined by the mean of C3. Q3: C3<121.5Img/dL, Q4: C3>121.5Img/dL.

AMD pathogenesis involves ocular autoimmunity.?® It has
been reported that 94% of patients with early-stage AMD
and 83% of patients with late-stage AMD displayed ele-
vated levels of retinal autoantibodies.?’ Moreover, the
reactivity pattern of serum IgG antibodies of AMD
patients with retinal tissue was relatively correlated with
the disease stage.® Since the Fc segment of IgG binds to
Clq to activate the complement system, activation of
autoantibodies in AMD patients may lead to depletion
of C3*

In addition, gene polymorphisms of complement com-
ponents including C3 may also cause the activation of
complement.>'? Yates et al reported the common func-
tional polymorphism rs2230199 (Arg80Gly) in the C3
gene resulting in overactivation of complement system,

Table 5 Logistic Regression Models Evaluating the Risk Factors
for AMD

Odds 95% Confidence Interval | P value
Ratio for Odds Ratio
Overall
Clq (mg/dL) 1.120 1.009 to 1.132 0.001*
C3 (mg/dL) 0.984 0.962 to 1.008 0.185*
C4 (mg/dL) 0.976 0.926 to 1.028 0.353*
Male
Clq (mg/dL) 1.011 0.994 to 1.028 0.200*
C3 (mg/dL) 0.990 0.953 to 1.029 0.626*
C4 (mg/dL) 0.952 0.868 to 1.043 0.287%
Female
Clq (mg/dL) 1.132 1.106 to 1.159 0.016*
C3 (mg/dL) 0.960 0.923 to 1.000 0.048*
C4 (mg/dL) 0.964 0.889 to 1.047 0.386"

Notes: *Binary logistic regression adjusted for age, gender, hypertension, smoking
and alcohol intake. The bold figures indicate p < 0.05.

was strongly associated with age-related macular
degeneration.>® Interestingly, complement variants also
confer susceptibility to invasive infection with several
bacteria in AMD patients.*® Javed et al considered that
periodontal diseases which was mainly caused by the
periodontal infection may be a plausible risk factor for
AMD and may have a potential role in the earlier stages
of this eye disease.”> Robman et al found that AMD
patients with high antibody titers of C. pneumoniae were
also found to have a 2- to 3-fold increased risk of disease
progression.®® In our study, AMD subjects with acute
infectious diseases were excluded; however, chronic sub-
clinical inflammation in AMD subjects was usually diffi-
cult to detect through medical screenings. Therefore, we
speculated that AMD patients who had lower levels of C3
were likely to be more susceptible to infection as well
which can in turn cause a further decrease in C3 levels.

In our study, we found the difference in serum of Clq
and C3 concentrations between female but not male AMD
patients and control subjects. The influence of gender on
developing AMD is not fully understood.*” Several studies
concluded that AMD had no significant relationship with
gender, but a meta-analysis of gender of AMD showed
that the incidence of exudative AMD was higher in
women than in men, despite the fact that women tend to
live longer and pay more attention to health care.’®
A survey in Japanese cohort demonstrated the differential
associations of early AMD with both systemic and genetic
factors by sex, which suggested that disease process of
early AMD could be different by sex.*”

As reported by Nuzzi et al, the risk of AMD was
increased in women with early menopause.*” Our team
investigated  the

previously relationship ~ between
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complement system and primary angle-closure glaucoma
(PACG) and also found the sex difference in terms of the
level of C3 in elder female PACG patients.*'** According
to related study, the differences may be due to the hormone
levels especially estrogen and menopausal status between
men and women.”>** In our study, most of the female
subjects were aged more than 50 years old so most of
them were in postmenopausal with lower levels of sex
hormones.

Many mechanisms have been proposed for the role of
AMD.*
a multifunctional hormone that regulates the inflammatory

female sex hormones in Estrogen s
process. Premenopausal women are thought to be more
protected from inflammation than men due to higher estro-
gen concentrations.*® Shepherd et al concluded that a drop
of menopausal estrogen level was associated with
increased concentrations of pro-inflammatory cytokines
and chemokines such as IL-1B, IL-6, IL-8 and TNF-a,
which were related to the damage of RPE cells.**’
Additionally, the decrease of estrogen was associated
with the increase of reactive oxygen species and lipid
peroxidation end products, which was also correlated
with decreased lysosomal activity, RPE damage and chor-
oidal neovascularization,**>°

Meanwhile, estrogen levels may influence the comple-
ment system as well. Researchers discovered that postme-
nopausal women who received a sex hormone replacement
therapy regimen had significantly higher levels of C3 than
control subjects, suggesting plasma C3 context had
a positive and strong correlation with sex hormone
concentrations.”’ Supporting to this, Yilmazer et al found
that the mean values of C3 in healthy postmenopausal
women with oral conjugated equine estrogen treatment
was significantly higher than those with untreated.>

This study still has some limitations. Firstly, there were
differences in the baseline data including hypertension
smoking history although they were strictly adjusted for
in the logistic regression. Secondly, AMD subtypes cannot
be identified for further analysis based on available data.
Thirdly, all participants were recruited from one location
and the data only represent results from areas around
Shanghai. Replication of the study findings in other loca-
tions and with a much improved larger population is
necessary to confirm our results. Lastly, we did not show
the downstream molecules of complement activation in the
classical pathway. We will continue to conduct in-depth
studies on this part in the future to better reveal the
systemic activation of complement system in AMD.

Conclusion

In conclusion, our data suggested that increased Clq and
decreased C3 were independent risk factors for female
AMD npatients, indicating the activation of the complement
system in classical pathway may be involved in the pathology
of AMD. To our best knowledge, it is the first time to report an
elevated Clq and decreased C3 level in female AMD patients,
which is helpful for more comprehensive understanding of the
complement activation in peripheral blood of AMD. Large
and multi-center studies are needed to explore whether com-
plement components can be considered as novel biomarkers
to diagnose and/or predict progression of AMD.* 5

Abbreviations

AMD, age-related macular degeneration; C, complement
component; RPE, retinal pigment epithelial; PACG, pri-
mary angle-closure glaucoma.
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