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Abstract

Purpose To investigate the association between serum amyloid A (SAA) protein and the clinical features of acute anterior
uveitis (AAU), and to evaluate the disease activity and treatment effect in relation to SAA levels.

Methods AAU patients and healthy individuals were recruited from October 2016 to August 2017 at the Department of
Upveitis, in the Eye Hospital of Wenzhou Medical University. Related demographic, clinical characteristics, and therapeutic
data were analyzed.

Results One hundred and eight AAU patients and 18 healthy controls were included in this study. Serum SAA levels in
AAU patients were significantly higher than those of healthy controls (p all <0.0001). Significantly higher SAA levels were
found in ASTAAU patients than those in AS”AAU patients (p < 0.05). SAA levels were also significantly higher in patients
with HLA-B27"AAU compared with those with HLA-B27AAU (p < 0.05). Furthermore, in each of the AAU subgroups,
higher SAA levels were observed in the active state than those in the inactive state (p all <0.05). In addition, SAA levels
were positively correlated to anterior chamber cell counts (r = 0.492, p <0.0001). ROC curve analysis revealed that SAA
had an AUC value of 0.727 for detecting active inflammation (Youden’s index = (0.38). SAA decreased with effective
treatments (p = 0.0002).

Conclusion Serum levels of SAA were elevated in AAU patients. The increased levels of SAA were correlated with AS and
HLA-B27 status. SAA levels were also positively correlated to disease activity and decreased with effective treatments.
These findings suggest that SAA is associated with AAU, with a potential role in monitoring inflammatory processes and
assessing the efficacy of therapy.

Introduction

Acute anterior uveitis (AAU) is a common inflammatory eye
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disease that mainly affects the iris and the anterior-ciliary
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years, the personal and population burden are significant [2].
Human leucocyte antigen (HLA)-B27 is strongly associated
with AAU. HLA-B27-positive AAU demonstrates much
more significant cellular and fibrinous exudation into the
aqueous humour, higher tendency for recurrences, and a much
stronger association with ankylosing spondylitis (AS).
Serum amyloid A (SAA) is an acute-phase protein secreted
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patients, SAA induces Th17 polarization rather than Thl
differentiation from CD4+ T cells [5]. It was found that SAA
levels were significantly higher in Behcet’s patients than those
in healthy controls (HC) [6, 7], and that Behcet’s patients with
higher serum SAA levels showed higher levels of both serum
pro-inflammatory markers and disease activity [8]. In Beh-
cet’s patients with SAA levels >150 mg/L [9], SAA might be
a biomarker indicative of ocular involvement and disease
relapse. Elevation of serum SAA was also found in patients
with AS, a disease known to be highly associated with AAU
[10]. Another study speculated that SAA concentrations
might be associated with AAU recurrence, but the data were
from a small cohort of AAU patients, without considering the
influence of AS [11]. In addition, Mitulescu et al. analyzed 11
AS patients presenting with AAU, and found that SAA levels
correlated with both the number of AAU recurrences as well
as with AS disease activity [12]. Despite these findings, the
potential role and clinical significance of SAA in AAU still
needs to be elucidated. In the present study, we aimed to
investigate the association between SAA and AAU, as well as
the disease activity and treatment effect.

Materials and methods
Patients and clinical data

Patient recruitment was performed at the Department of
Uveitis, approved by the Ethic Committee of the Eye
Hospital of Wenzhou Medical University. Consecutive
patients with AAU were recruited from October 2016 to
August 2017. All enroled patients signed an informed
consent and agreed to participate in the study. All of the
recruited patients and assessment criteria met the Standar-
dization of Uveitis Nomenclature (SUN) Guidelines. AAU
was defined as an attack of uveitis, mainly affecting the iris
and the anterior-ciliary body, with a sudden onset and
limited duration. Patients who had previously been diag-
nosed with AAU in our Department, but who had inactive
disease at the time of recruitment, were also included in this
study. Active AAU patients were treated with topical ster-
oids, cycloplegics, and nonsteroidal anti-inflammatory
eyedrops. Because young people were less likely to suffer
from diseases, 18 healthy individuals were enroled as HCs.

Detailed information about the history of the enroled
patients was collected. Clinical characteristics including age
at recruitment, gender, age of onset of initial attack, recur-
rence, slit-lamp examination features, HLA-B27 subtype
status, and history of systematic diseases, such as AS, were
collected. The definitive diagnosis of AS was made by a
rheumatologist according to the 1984 modified New York
criteria. Patients were excluded if (1) the HLA-B27 test or
AS status was not available; (2) they had a viral, bacterial,

tuberculin, or syphilitic aetiology; (3) the results of TORCH
test indicated IgM positivity; (4) they exhibited another
uveitis subtype, such as Fuchs heterochromic iridocyclitis,
Posner—Schlossman syndrome, Behcet’s disease, or
Vogt-Koyanagi—Harada syndrome; (5) AAU was resulted
from trauma; (6) they suffered from angiocardiopathy,
diabetes mellitus, obesity, tumour, amyloidosis, or other
autoinflammatory diseases; (7) they had received medica-
tions or dietary supplements within the previous month.

Sample collection and analysis of SAA

Blood samples of included patients were obtained by Vacu-
tainer EDTA tubes within 2h after the ophthalmologist's
examination. The samples were centrifuged at 1500 g for
10 min within 1 h after acquisition. Within 2 h of phlebotomy,
plasma was separated for analysis and SAA levels were
measured using a PMDT800 immunochromatography analy-
zer (Pro-med Tech Ltd, Beijing, China). The lowest detection
limit for SAA was 1 mg/L, hence for comparison purposes in
this study, a level of <1 mg/L. was standardized as 0 mg/L.

Statistical analysis

Data analysis was performed using SPSS V22.0. All data in
this study were expressed using percentiles, and were shown
as median (25% percentile, 75% percentile). The indepen-
dent or paired r-tests were used to detect differences when
parametric analysis was possible. If it was not possible, the
Mann—Whitney U-test was employed instead. A p value less
than 0.05 was deemed as statistically significant. Spearman
correlation analysis was used to evaluate the correlation
between anterior chamber cell numbers and the SAA level.
A multiple linear regression was performed to evaluate the
possible effects of factors on the SAA level.

Results
General information

In total, 161 AAU patients agreed to participate in our
study. Among them, 53 patients were excluded based on the
exclusion criteria. Thus, a total of 108 AAU patients were
recruited and evaluated in the study (Table 1). At the time of
serum collection, 57 patients presented with active AAU
and 51 patients had inactive disease. Of the active AAU
patients, 12 agreed to provide more than one blood sample,
enabling collection when their inflammation was in remis-
sion after discontinuing treatment. The data from these 12
active AAU patients were selected for a separate analysis.
Of the 18 HCs enroled, 11 were men and 7 were women,
with an average age of 29.5 + 8.3 years.
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Table 1 Demographic and
clinical data of active and

inactive AAU patients.

AAU Active Inactive
Male/female; n 108 (59/49) 57 (35/22) 51 (24/27)
AST/AS™; n 47/61 27/30 20/31
HLA-B27 positivity; n (%) 83 (76.9%) 46 (80.7%) 37 (72.5%)
Age, years; median (Q1, Q3) 41.5 (33, 49) 40 (32.5, 46) 44 (35, 51)
Onset age, years; median (Q1, Q3) 36 (29, 45) 34 (29.5, 43.5) 36.5 (28.3, 47.8)
Recurrence episodes; median (Q1, Q3) 2(1,3) 2(1,3) 2 (L, 3)

Median (Q1, 03) median (25% percentile, 75% percentile)
AAU acute anterior uveitis, AS ankylosing spondylitis, HLA-B27 human leucocyte antigen-B27, n number
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Fig. 1 SAA levels in AAU. SAA levels were measured and compared
in a AAU patients and HC; b B27 AAU patients, B27"AAU patients,
and HC; ¢ AS”AAU patients, ASTAAU patients, and HC. *p < 0.05,
**p <0.01, ***p<0.001, AAU acute anterior uveitis, B27 AAU

HLA-B27-negative AAU, B27TAAU HLA-B27-positive AAU, AS™
AAU AAU without AS, ASTAAU AAU with AS, HC healthy con-
trols. All p values were calculated using the Mann—Whitney U-test.

Table 2 Comparison of SAA

levels in different groups. Comparison n Median (Q1, Q3) of SAA level (mg/L) U value P value
HC vs. AAU 18 vs. 108 0 (0, 0) vs. 3.83 (2.22, 6.83) 159 <0.0001
Active vs. inactive AAU 57 vs. 51 5.42 (3.25, 9.83) vs. 2.81 (1.78, 4.98) 794.5 <0.0001
HLA-B27~ vs. HLA B27" 25 vs. 83 2.83 (1.63, 5.67) vs. 4.19 (2.59, 7.87) 703 0.014
AS™ vs. AST 61 vs. 47 3.51 (1.92, 6.20) vs. 4.31 (2.81, 10.87) 1071 0.024

Calculated using Mann—Whitney U-test; Median (Q1, Q3) Median (25% percentile, 75% percentile)

n number

SAA levels in AAU Patients

SAA levels were analyzed in 108 AAU patients and 18
HCs. The mean SAA level (all data were shown as median
(25% percentile, 75% percentile)) was much lower in the
HC group (0 (0, 0)) than in the AAU patients (3.83 (2.22,
6.83), p<0.0001, Fig. 1a and Table 2).

SAA levels were then analyzed in AAU patients
according to HLA-B27 status (Fig. 1b). We observed that
the SAA levels in patients with HLA-B27-positive AAU
(HLA-B27"AAU) were significantly higher than patients
with HLA-B27-negative AAU (HLA-B27 AAU) (4.19
(2.59, 7.87) vs. 2.83 (1.63, 5.67), p = 0.014) (Table 2). Both
HLA-B277AAU and HLA-B27 AAU patients displayed
increased SAA levels when compared with the HC group (p
both < 0.0001) (Fig. 1b).
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We then carried out further stratified analysis for
AAU patients with or without AS (Fig. 1c). Notably, we
found greater elevation of SAA in AAU patients with AS
(ASTAAU) than those without AS (ASTAAU) (4.31
(2.81, 10.87) vs. 3.51 (1.92, 6.20), p =0.024) (Table 2).
In addition to this finding, we observed significant dif-
ferences in ASTAAU and AS”AAU patients when com-
pared with the HC group (Fig. lc, p both <0.0001).

SAA levels associated with disease activity in AAU
Patients

We then investigated the association between SAA level
and disease activity. Increased SAA levels were observed in
active state compared with inactive state of AAU patients
(5.42 (3.25,9.83) vs. 2.81 (1.78, 4.98), p < 0.0001) (Table 2
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Fig. 2 Associations between SAA and disease activity and AC cells
and treatment. a The comparison of SAA levels between active
and inactive status in AAU, B27 AAU, B27TAAU, AS AAU, and
ASTAAU patients. b The correlation between SAA levels and AC
cells was determined by Spearman rank correlation analysis. ¢ The
ROC curve for detecting the active inflammation of AAU by SAA.

and Fig. 2a). The same association trend between SAA
levels and disease activity was also observed in HLA-B27~
AAU patients (4.57 (2.83, 6.28) vs. 1.78 (1.07, 3.09), p<
0.05), HLA-B27*AAU patients (6.00 (3.26, 11.09) vs.3.19
(2.17, 5.89), p<0.01), ASTAAU patients (4.55 (3.12, 7.31)
vs. 2.59 (1.62, 5.04), p<0.01), and ASTAAU patients (6.52
(3.24, 13.45) vs. 3.20 (2.23, 4.81), p<0.01).

As the grading of anterior chamber cells (AC cells) based
on the SUN Guidelines was critical for evaluating the
clinical stage of AAU, we aimed to investigate the asso-
ciation between SAA levels and AC cells. We observed
significant positive correlation between SAA levels and AC
cells among these 108 AAU patients (Fig. 2b, r=0.492,
p<0.001). SAA levels were assessed to detect the active
inflammation of AAU by ROC curve (Fig. 2c). The area
under the ROC curve (AUC) obtained for the SAA levels
was 0.727 (cutoff value =3.22mg/L, Youden’s index =
0.38, sensitivity = 77.2%, specificity = 60.8%).
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d SAA levels in AAU patients before and after therapy were compared
using paired r-test. *p <0.05, **p <0.01, ***p<0.001, AAU acute
anterior uveitis, B27 AAU HLA-B27-negative AAU, B27TAAU
HLA-B27-positive AAU, AS"AAU AAU without AS, ASTAAU
AAU with AS, AC cells anterior chamber cells.

A follow up study was conducted in which SAA levels
among 12 patients were tracked from active to inactive
inflammatory state after treatment during an attack. The
results showed that the SAA level decreased significantly
along with the improvement of AAU inflammation after
treatment (Fig. 2d, from 10.9 (8.06, 17.61) to 3.61 (0, 5.38)
mg/L, p =0.0002).

Multiple linear regression analysis

We used a multiple linear regression model analysis to
assess the factors contributing to elevated SAA levels
(Table 3). In the regression analysis, recurrence (p = 0.026,
95% Cl=—0.808, —0.052), concurrence with AS (p =
0.033, 95% CI=0.162, 3.730), anterior chamber cell
counts (p<0.001, 95% CI=1.466, 2.685) all conform to
the model as the predicting parameters for the SAA level
(R*>=0.476, Table 3). We calculated standardized f in
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-rr:;:ss?’iolr\lllgi"ti[l))rlz dliicrizzr factors B coefficient 95% CI P coefficient p value

for the SAA level. Constant 2252 —1.392, 5.895 - 0.223
Gender 0.417 —1.239, 2.074 0.042 0.618
Recurrence —-0.430 —0.808, —0.052 —0.184 0.026*
Onset age 0.001 —0.071, 0.074 0.003 0.968
HLA-B27 1.170 —0.902, 3.243 0.100 0.265
Ankylosing spondylitis 1.946 0.162, 3.730 0.193 0.033%*
Anterior chamber cells 2.075 1.466, 2.685 0.555 <0.001*

B unstandardized coefficient; § standardized coefficient

ClI confidence interval

*p value is <0.05

order to evaluate the most significant parameter for SAA
level. The results revealed that the SAA level was most
positively affected by anterior chamber cells. Gender, onset
age, and HLA-B27 status were not significantly associated
with SAA levels.

Discussion

SAA is one of the major nonspecific acute-phase proteins,
whose concentration in circulating blood significantly
increases during acute inflammation. The liver is considered
to be the major site of SAA synthesis. In addition, SAA
synthesis is known to occur in many other cells and tissues,
including macrophages, kidneys, lungs, adipocytes, and
mammary glands [13, 14]. Expression of SAA mRNA has
also been detected in the fibrovascular membranes of
patients with proliferative diabetic retinopathy as well as in
the trabecular meshwork of patients with glaucoma [15, 16].
We speculated that, in patients with AAU, SAA might be
synthesized in the iris, although, further laboratory inves-
tigations will be required to verify the origin of SAA in
AAU patients.

Several studies have reported the association between
SAA and other autoimmune and inflammation diseases,
such as Rheumatoid arthritis [17, 18], AS [12, 19], juvenile
idiopathic arthritis [20, 21], and Behcet’s disease [8, 9, 22].
Multiple studies have shown that AAU is frequently asso-
ciated with AS. For example, HLA-B27 and endoplasmic
reticulum aminopeptidases-1 (ERAP-1) are both associated
with AAU and AS [23, 24]. In our study cohort, 47/108 of
patients had both AAU and AS. We carried out a stratified
analysis for AAU patients with or without AS, and found
that SAA levels were significantly elevated in both AS™
AAU and AS™ AAU patients, than in healthy individuals. It
is worth noting that the significantly higher SAA levels in
ASTAAU patients demonstrated that elevated SAA levels
were a result of AAU inflammation. Meanwhile, the SAA
levels of ASTAAU patients were significantly higher than
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those in ASTAAU patients. These data indicated that the
concentration of SAA in AAU patients was also associated
with AS status.

HLA-B27 is highly associated with AAU, and HLA-B27*
AAU exhibited distinctive clinical features when compared
with HLA-B27AAU [25]. Typical manifestations of AAU
patients, especially those with HLA-B27TAAU, were char-
acterized by severe ocular inflammation such as fibrin and
hypopyon in the anterior chamber. The results of this study
demonstrated that HLA-B27"AAU patients had higher SAA
levels than HLA-B27~AAU patients, a finding that is con-
sistent with these disease subsets either having different
disease activity or pathogenesis. Previous studies have indi-
cated that HLA-B27 may impact the gut and/or the eye itself,
where loss of tolerance could contribute to uveitogenesis
[26]. Rosenbaum et al. proposed several models focusing on
the intestinal microbiome as a key component of AAU
pathogenesis. Professor Peizeng Yang revealed significant
alterations in microbiota metabolism in AAU patients com-
pared with HCs, following the analysis of PCoA plots of
unweighted UniFrac distances [27]. Segmented filamentous
bacteria were reported to made direct contact with the ileum
epithelium and induce SAA proteins, thereby promoting IL-
17A expression in RORyt+ T cells [28].

In the current study, we recruited a sizable AAU cohort
with detailed clinical recording. We comprehensively
investigated the association between AAU and SAA. A
previous study has reported that the severity of uveitis was
equal in AAU patients with elevated SAA and normal SAA
[11]. However, this study did not consider the effect of AS.
In this research, we observed increased SAA levels in the
active state than those in the inactive state of each subgroup.
Furthermore, there was a significant positive correlation
between SAA levels and anterior chamber cell counts. SAA
levels decreased significantly as AAU inflammation
diminished with effective treatment.

This study does, however, have several limitations. First,
this clinical research explored the association between SAA
and the clinical manifestations of AAU, such as disease
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activity, among a cohort of 108 patients with AAU. The
pathogenic mechanism of SAA’s involvement in AAU is
unclear and needs to be elucidating by further laboratory
investigation. Second, by conducting the research in a
uveitis clinic, this study may have been biased towards
patients with recurrent or more severe AAU. Third, we
observed that recurrence is associated with lower levels of
SAA, which was also reported by a study by Yorston et al.
[11]. At this point, however, we do not have an explanation
for this. One possible cause is that the performance of our
multiple linear regression model is moderate (R = 0.476).
Further experiments should be performed to address
this issue.

In summary, our study showed that serum levels of SAA
were elevated in patients with AAU, and that these
increased SAA levels were correlated with AS and HLA-
B27 status. SAA levels were also positively correlated to
disease activity and decreased with effective treatments.
The results of this study suggest that SAA is associated with
AAU and identify a potential avenue for monitoring the
inflammatory processes during diagnosis and treatment, as
well as assessing the efficacy of therapy.

Summary
What was known before

e SAA is one of the major nonspecific acute-phase
proteins, whose concentration in blood circulation
significantly increases during acute inflammation.

e Several studies have reported the association between
SAA and other autoimmune and inflammation diseases,
such as Rheumatoid arthritis, ankylosing spondylitis,
juvenile idiopathic arthritis, and Behcet's disease.

What this study adds

e SAA levels significantly increased in AAU patients than
those in HC, and these differences were also detected in
HLA-B27"AAU, HLA-B27 AAU, ASTAAU and AS™
AAU.

e SAA levels were significantly correlated with disease
activity and treatment in patients with AAU.

e Multiple linear regression model analysis demonstrated
that recurrence, concurrence with AS, and more anterior
chamber cells were associated with elevation of
SAA level.
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