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Serum amyloid A (SAA) is an acute phase protein with a significant importance for patients
with inflammatory rheumatic diseases (IRD). The central role of SAA in pathogenesis of
IRD has been confirmed by recent discoveries, including its involvement in the activation of
the inflammasome cascade and recruitment of interleukin 17 producing T helper cells.
Clinical utility of SAA in IRD was originally evaluated nearly half a century ago. From the first
findings, it was clear that SAA could be used for evaluating disease severity and
monitoring disease activity in patients with rheumatoid arthritis and secondary
amyloidosis. However, cost-effective and more easily applicable markers, such as C-
reactive protein (CRP) and erythrocyte sedimentation rate (ESR), overwhelmed its use in
clinical practice. In the light of emerging evidences, SAA has been discerned as a more
sensitive biomarker in a wide spectrum of IRD, especially in case of subclinical
inflammation. Furthermore, a growing number of studies are confirming the advantages
of SAA over many other biomarkers in predicting and monitoring response to biological
immunotherapy in IRD patients. Arising scientific discoveries regarding the role of SAA, as
well as delineating SAA and its isoforms as the most sensitive biomarkers in various IRD by
recently developing proteomic techniques are encouraging the revival of its clinical use.
Finally, the most recent findings have shown that SAA is a biomarker of severe
Coronavirus disease 2019 (COVID-19). The aim of this review is to discuss the SAA-
involving immune system network with emphasis on mechanisms relevant for IRD, as well
as usefulness of SAA as a biomarker in various IRD. Therefore, over a hundred original
papers were collected through an extensive PubMed and Scopus databases search.
These recently arising insights will hopefully lead to a better management of IRD patients
and might even inspire the development of new therapeutic strategies with SAA as
a target.

Keywords: serum amyloid A, biomarkers, markers of inflammation, rheumatic inflammatory disease,
autoinflammatory disease, amyloidosis, biological therapy, COVID-19
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INTRODUCTION

Serum amyloid A (SAA) is the most prominent acute phase
reactant as its serum levels in acute phase response demonstrate
the most notable increase. In healthy individuals, SAA is present
at the blood concentration below 3 mg/L. During the acute phase
of the inflammatory response, SAA increases up to 1,000-fold in
24 h by stimulation of the pro-inflammatory cytokines. This
effect is followed by a rapid decline which implies a remarkable
feedback regulation (1). SAA shares many similarities with the
C-reactive protein (CRP), the most commonly used serum
biomarker for assessing disease severity in inflammatory
rheumatic diseases (IRD). Both SAA and CRP concentration
increases rapidly following an inflammatory stimuli, mostly as a
result of the increased synthesis in hepatocytes (1, 2). Moreover,
they share some intracellular signaling pathways. In fact, both are
induced by interleukin (IL)-6 and addition of IL-1 to IL-6 has a
synergistic effect on their synthesis (3). Serum levels of SAA and
CRP show a close relationship and are usually significantly
positively correlated with each other in a wide range of clinical
conditions (4). SAA is significantly elevated in patients with IRD
and is commonly used for evaluating disease severity and
monitoring disease activity (5). However, the non-superiority
of SAA to the other commercially available inflammatory
markers, such as CRP and the erythrocyte sedimentation rate
(ESR), as well as technical difficulties in measuring the SAA levels
have led to neglection of SAA in everyday clinical practice of not
IRD specialized centres.

Lately, arising scientific discoveries regarding the role of SAA
in IRD as well as the development of proteomic techniques for
serum biomarker analysis encouraged a revival of clinical use of
SAA. There are more than few arguments in favor of using SAA
over CRP in several clinical scenarios associated with
inflammation. Firstly, increased concentrations of SAA despite
normal levels of CRP and ESR are frequently observed in IRD
patients with mild disease activity, while increased CRP or ESR
levels with normal SAA concentration are extremely rarely
observed. Moreover, the low-grade inflammation with persistent
elevated SAA values is associated with the development of life-
threatening complications — secondary amyloidosis and coronary
heart disease (6, 7). Furthermore, unlike CRP, SAA is locally
expressed in inflamed synovial tissue and is directly involved in the
pathogenesis of IRD by multiple immunomodulatory and
cytokine-like properties, making SAA a potential therapeutic
target. Therefore, it is not surprising that accumulating
evidences suggests SAA as a more reliable biomarker than CRP
or ESR for monitoring disease activity in various rheumatic and
autoinflammatory diseases, including rheumatoid arthritis (RA),
ankylosing spondylitis (AS), juvenile idiopathic arthritis
(JIA), systemic lupus erythematosus (SLE), different types of
vasculitis, sarcoidosis, familial Mediterranean fever (FMF),
secondary amyloidosis, etc., especially in the era of biologic
immunosuppressive therapy.

The aim of this review is to give a brief insight into the
complex network of the multiple SAA roles in the pathogenesis
of inflammation, as well as to summarize and discuss the current
evidences of its clinical utility in assessing an early diagnosis and

monitoring the disease activity and response to therapy in a wide
range of IRD.

LITERATURE REVIEW

A comprehensive literature review was conducted using PubMed
and Scopus databases to identify articles exploring the role and
utility of SAA in IRD, according to the published guidance on
narrative reviews (8). We used search terms of “serum amyloid
A”, “serum biomarkers”, “markers of inflammation”, “rheumatic
disease”, “autoinflammatory disease” and “COVID-19” in
different combinations. The latter term was added since we are
currently experiencing a pandemic of Coronavirus disease 2019
(COVID-19). Search terms were used as key words and as MeSH
terms to maximize the output from the literature. Only available
full-text articles in English published until September 2020 were
included. Additional exclusion criteria were studies on non-
human species, case reports, reviews, commentaries and
studies not concerning rheumatic diseases or not discussing
SAA. The reference lists of the selected articles were reviewed
to identify additional articles meeting the eligibility criteria. The
database search resulted in 2675 articles of which 300 remained
after the removal of duplicates and title/abstract screening.
Finally, after assessing the full-text articles for eligibility and
screening of the reference lists, a total of 180 full-text articles
were included in the present review. The included articles were
divided in two groups: articles reporting on the role of the SAA-
related genes and proteins in the pathogenesis of IRD (n=72) and
articles reporting on correlations between SAA and clinical
features of various IRD (n=102) or COVID-19 (n=6) (Figure
1). Results from the first group are summarized in the “SAA-
related genes and proteins” and “SAA in rheumatic diseases”
sections, while results from the latter group are summarized in a
narrative manner in each relevant section of this review.
Summary tables with characteristics of each article included in
each section are provided (Tables 1-9).

SAA-RELATED GENES AND PROTEINS

The SAA gene family is located on the short arm of chromosome
11 (11p15.1). It contains four genes, namely SAAI, SAA2, SAA3
and SAA4 (115). All the genes consist of 4 exons and 3 introns, and
their initial transcripts have 18 aa signal sequence that is removed
in the serum proteins. Within the SAA gene cluster, only the SAA1
and SAA2 genes encode an acute phase serum proteins (SAA1 and
SAA2 isotypes) with approximately 95% sequence identity, which
are coordinately induced in response to inflammation (116). SAA3
contains an early stop codon suggesting it is a non-translated
pseudogene (117). The corresponding protein of the SAA4 gene is
constitutively synthesized, meaning it is not induced in the acute
phase response (118). The inducible SAA isoforms, SAA1 and
SAA2, are termed acute-phase SAA.

SAA has several allelic variants (o, 3, vin SAAI and o, B in
SAA2). Two single nucleotide polymorphisms (SNPs) within the
exon 3 of the SAAI gene generate three common isoformes:
SAAloa (52Valine/57 Alanine), SAA1B (52Alanine/57 Alanine)
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Articles identified through
PubMed database searching

Articles identified through
Scopus database searching

(n=1096)

(n=1579)

A

Excluded articles (n=2375):

Titles/abstracts screened (n=2675)

- non-English language (n=135)
- no human studies (n=451)

- reviews (n=284)
- case reports (n=16)

\4

»| - no rheumatic disease (n=1363)
- full article not available (n=77)
- duplicates (n=49)

Full-text articles screened (n=300)

Excluded articles (n=100):

- case reports (n=20)
- reviews (n=13)

A

»| - supplementary articles (n=5)
- no rheumatic disease (n=50)
- not discussing SAA (n=12)

(n=200)

Full-text articles assessed for eligibility

Excluded articles (n=38):
- no rheumatic disease (n=8)

v

- not discussing SAA as a
biomarker(n=30)

Studies included (n=180)

Articles included from the reference

lists (n=18)

A4

A4

Articles concerning the role of
SAA in pathophysiology of
rheumatic diseases (n=72)

Articles concerning the possible
clinical utility of SAA in rheumatic
diseases (n=108)

FIGURE 1 | Flow chart illustrating the literature search and study selection process.

and SAAly (52Alanine/57 Valine). Some of these variants
contribute to the susceptibility to AA amyloidosis. In particular,
SAAlc allele is a risk factor for developing AA amyloidosis in
Caucasian (119-121). Contrarily, in the Japanese population this
allelic variant has protective properties, while SAAIyallele carries
a higher risk of developing AA amyloidosis (122-124). Blank et al.
(119) reported a 100% incidence of SAAlo/o: genotype among
patients with idiopathic AA amyloidsosis. Moreover, another
SNP in the SAAI gene at position -13 in the 5 regulatory
region (promoter region), is associated with the AA amyloidosis
occurrence in both Japanese and Caucasian rheumatoid
arthritisnbsp;patients, which might explain the discrepancy
between previous reports (125, 126). The latter SNP also affects
the SAA transcription with the -13T allele having greater
activity (127).

SAA transcription can be up-regulated by several cytokines
including the tumor necrosis factor alpha (TNFo), IL-13 and IL-6
(128). TNFa. and IL-1P activate the nuclear factor-kappa B (NF-
KB) site. IL-6 binds to a transmembrane G-coupled protein 130
(gp130) leading to the activation of Janus kinase 2 (JAK-2), which

results in the recruitment of the signal transducer and activator of
transcription 3 (STAT3), finally resulting in an impressive SAA
gene transcription (129, 130). However, a weak expression of SAA
messenger RNA (mRNA) is induced by the stimulation with IL-6
alone, whereas almost no expression is induced by the stimulation
with TNFo or IL-1P alone. On the other hand, the synergistic
induction of SAA mRNA has been observed by a co-stimulation
with IL-6 and TNFo or IL-1P (131). It seems that the activation of
STAT3 by an IL-6 stimulated JAK is essential for the production of
SAA and the supplementation of NF-xB activity stimulated by
TNFo. or IL-1B strengthens the SAA expression (132). This
evidence is important for the therapeutic effects of monoclonal
antibodies: JAK inhibitors (tofacitinib) and anti-IL-6 receptor
antibodies (tocilizumab and sarilumab) almost completely
inhibit the expression of the SAA mRNA, whereas the IL-1
antagonists (anakinra) and TNFo antibodies (infliximab,
adalimumab, etanercept) achieve only a partial inhibition (108,
130). However, SAA mRNA translation is 10-fold lower than the
rate of mRNA synthesis due to post-transcriptional regulation.
SAA mRNA undergoes poly(A) tail shortening over time, a
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TABLE 1 | Characteristics and results of articles investigating clinical utility of SAA in patients with rheumatoid arthritis.

First author The aim of the study regarding Number Diagnosis Method used Results / Comments
(reference the clinical utility of SAA of patients (number of for SAA
number) patients) measuring
Benson and Cohen  To investigate the possible uses of 277 RA (n=65) Radioimmuno- > SAA s significantly elevated in RA, JIA and SLE
5) SAA in rheumatic diseases JIA (n=26) assay patients compared to HC and patients with degenerative
SLE (n=25) joint disease
OA (n=23) > SAAis significantly correlated with ESR and with
HC (n=138) disease activity in RA
De Beer et al. (9) To evaluate SAA as a marker of 266 RA (n=99) Radioimmuno- > SAA s significantly elevated in RA, JIA and SLE
diagnosis and severity in rheumatic JIA (n=24) assay patients compared to HC
diseases SLE (n=43) > SAA is a marker of disease activity in RA and JIA,
HC (n=100) but is not significantly correlated with disease activity in
SLE patients
Maury et al. (10) To evaluate SAA and CRP levels in 65 RA (n=48) Radioimmuno- > SAAis significantly correlated with disease activity in
RA and SLE patients SLE (n=17) assay RA patients, but not in SLE patients

> SAA levels are strongly correlated with CRP levels in
RA and SLE patients

Shen et al. (11) To evaluate possible uses of SAA 265 RA (n=88) ELISA and > SAA can be used as a marker for diagnosis of RA
in patients with RA OA (n=54) western blot (among patients with other autoimmune diseases or
SLE (n=43) analysis osteoarthritis)
Other AID (n=30) > SAA significantly correlates with RA disease activity
HC (n=50) (measured as DAS28-ESR)
Kumon et al. (12) To compare SAA levels in serum 55 RA (n=34) ELISA > SAA levels are significantly higher in both serum and
and synovial fluid between OA and OA (n=21) synovial fluid in RA patients compared to OA patients
RA patients and therefore can be used as a marker for RA diagnosis
Targonska- To assess SAA level in RA patients 140 RA (98 high ELISA > SAAis a sensitive marker of RA and is significantly
Stepniak et al. (13)  and its correlation with activity + 42 low correlated with disease activity
cardiovascular and renal activity) > SAA s an indicator of cardiovascular and renal
involvement involvement in RA patients
Chambers et al. To assess SAA as a marker of 385 RA (n=185) Radioimmuno- > SAA is a more sensitive marker of disease activity in
(14) disease activity in RA patients HC (n=200) assay RA than CRP
Cunnane et al. (15)  To compare SAA with CRP and 140 RA (n=64) ELISA > Compared with CRP and ESR, SAA correlates best
ESR in relation to diagnosis and PsA (n=19) with disease activity
disease activity in early UA (n=57) > SAA, unlike CRP or ESR, can be used for
inflammatory arthritis distinguishing patients with a final diagnosis of RA in
early inflammatory arthritis
Yoo et al. (16) To evaluate serum and exosomal 60 RA (30 with ELISA > both serum and exosomal AA may be used as a RA
AA levels in RA patients active disease + disease activity biomarker
30 with inactive
disease)
Ostensen et al. (17)  To evaluate SAA as a marker of 52 RA (n=11) Radioimmuno- >  SAA s a reliable marker of disease activity in RA and
disease activity during pregnancy AS (n=13) assay AS even during pregnancy
in RA and AS patients HC (n=28)
Hwang et al. (18) To evaluate use of SAA In 594 RA Immunonephelo- > SAA correlates better than CRP with RA disease
monitoring disease activity and metric assay activity, especially during treatment with TNFo
therapy response in RA patients antagonists
Wild et al. (19) To compare the utility of different 645 RA (n=364) ELISA > SAAis the only biomarker (among 131 initially
biomarkers as diagnostic OA (n=281) considered in the study) that increases sensitivity of anti-
indicators of RA CCP for RA diagnosis
> sensitivity and specificity of SAA are higher than
those of CRP for diagnosing RA
De Seny et al. (20)  To compare SAA levels in serum 91 RA (n=27) ELISA > SAA levels are significantly higher in both serum and
and synovial fluid between OA and OA (n=29) synovial fluid in RA patients compared to OA patients
RA patients HC (n=35) and healthy controls and therefore can be used as a
marker for RA diagnosis
Ally et al. (21) To evaluate serum biomarkers as 128 RA Immunonephelo- > SAA is significantly correlated with disease activity in
markers of disease activity in early metric assay DMARD-naive patients with early RA
RA
Targonska- To investigate effects of 50 RA (13 with ELISA > Baseline SAA can be used for predicting response
Stepniak et al. (22)  leflunomide therapy on SAA SAA<50 mg/L + to leflunomide (cut off value 50 mg/L)
concentrations and disease activity 37 with SAA> > |n spite of a significant reduction in ESR and CRP in
in RA patients 50mg/L) RA patients receiving leflunomide, high SAA levels may

persist and can be used for detecting subclinical
inflammation and adjusting treatment

(Continued)
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TABLE 1 | Continued

First author The aim of the study regarding  Number Diagnosis Method used Results / Comments
(reference the clinical utility of SAA of patients (number of for SAA
number) patients) measuring
Connolly et al. (28)  To investigate the relationship 62 RA (n=45) ELISA > SAA significantly correlates with RA and PsA disease
between SAA and disease PsA (n=17) activity
progression in RA and PsA > SAA is independently associated with 1-year
patients undergoing biologic radiographic progression in RA
therapy > SAAis a more accurate predictor of radiographic
progression and a more sensitive biomarker of disease
activity in patients receiving biologic therapy compared
with CRP or ESR
Centola et al. (24) To develop a multi-biomarker 702 RA ND > SAA is a marker of disease activity incorporated in
disease activity (MBDA) test for RA MBDA test
Ma et al. (25) To explore the utility of serum 148 RA ELISA > baseline SAA levels are significantly correlated with
biomarkers incorporated in MBDA remission at 1 year in RA patients
for predicting remission in RA > SAA levels are significantly higher in RA patients with
patients low disease activity compared to those in remission and
therefore can be used for detecting minimal inflammation
Wong et al. (26) To relate serum biomarkers to 106 RA (n=53: 15 Immunonephelo- > SAA levels are significantly inversely correlated with
vascular elasticity in RA patients with + 38 metric assay arterial elasticity in RA patients, indicating cardiovascular
without coronary disease
artery disease)
HC (n=53)
Rho et al. (27) To evaluate SAA as a marker of 261 RA (n=169) ELISA > SAA shows a trend of association with the severity
atherosclerosis severity in RA HC (n=92) of coronary atherosclerosis in RA patients
patients
Kullich et al. (28) To evaluate effect of leflunomide 36 RA ELISA > SAA s a sensitive marker of response to leflunomide
on serum biomarker levels (DMARD) therapy in RA patients
Momohara et al. To evaluate SAA as a marker of 140 RA ELISA > SAAis a more sensitive marker of RA disease
(29) disease activity in RA activity than CRP or ESR
> SAAis highly expressed in chondrocytes from RA
patients
Boeters et al. (30)  To identify biomarkers for 299 RA ELISA > SAA level at disease onset may be used as a
predicting sustained DMARD-free predictor of achieving DMARD-free remission in ACPA-
remission in RA patients negative RA patients
Migita et al. (31) To explore effects of tofacitinib on 14 RA Immunonephelo- > SAA is a sensitive indicator of response to tofacitinib
inflammatory biomarkers in RA metric assay in RA patients
patients
Visvanathan et al. To evaluate the effect of 137 RA ELISA > SAA may be used for monitoring response to
(32) golimumab on SAA levels in RA golimumab in RA patients
patients > Measuring SAA level at week 4 after initiation of
golimumab therapy can be used to predict clinical
response at week 16
Doyle et al. (33) To investigate effects of 49 RA ND > SAA is a sensitive biomarker of response to
golimumab on inflammatory golimumab in RA patients
biomarkers in RA patients
Kobayashi et al. To analyze effects of adalimumab 20 RA 2DE + MS > SAAis a sensitive biomarker for response to
(34) on inflammatory biomarkers in RA adalimumab in RA patients
patients
Berner Hammer et To examine effects of adalimumab 20 RA Immunonephelo- > SAA is a sensitive biomarker for monitoring response
al. (35) on inflammatory biomarkers in RA metric assay to adalimumab in RA patients
patients
Gabay et al. (36) To evaluate effects of adalimumab 307 RA ND > SAA is a marker of disease activity in RA
and sarilumab on inflammatory > SAAis a sensitive biomarker of response to both
biomarkers in RA patients anti-IL-6 and anti-TNFa. therapy in RA
> High baseline SAA levels may be used for
distinguishing non-responders to anti-TNFo therapy
Nissinen et al. (37)  To analyze changes in 25 RA ELISA > SAA is a marker of response to infliximab treatment
inflammatory biomarkers in RA in RA patients
patients receiving infliximab
Xu et al. (38) To explore SAA isoforms in sera 169 RA (n=85) ELISA > Both SAAT and total SAA are significantly elevated
from RA patients HC (n=84) in RA compared to HC
> SAA1/SAA ratio is not significantly different between
RA patients and HC
(Continued)
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TABLE 1 | Continued

First author
(reference
number)

The aim of the study regarding
the clinical utility of SAA

De Seny et al. (39)  To identify RA serum biomarkers

by a proteomic approach

Li et al. (40) To screen candidate RA
associated serum proteins by
comparative proteomics

To identify biomarkers for
improving the accuracy of RA
prescreening

To explore SAA isoforms in
different rheumatic diseases

Seok et al. (41)

Nys et al. (42)

Number
of patients

103

76

80

224

Diagnosis Method used
(number of for SAA
patients) measuring
RA (n=34) SELDI-TOF MS,
AS (n=19) Western blot
PsA (n=22)
OA (n=20)
HC (n=16)
RA (n=38) 2-DE, MS,
HC (n=38) ELISA
RA (n=40) LC-MS/MS,
HC (n=40) ELISA
RA (n=46: 14 LC-MS/MS

early onset + 20
low activity + 12
high activity)

AS (n=30)

SLE (n=23)

SSc (n=20)

OA (n=43)

HC (n=62)

Results / Comments

> SAA and its truncated forms are significantly
elevated in sera from RA patients compared to healthy
controls and patients with osteoarthritis

> SAA serum concentration is significantly higher in RA
patients compared to HC

> SAA4 is significantly higher in sera with high
rheumatoid factor values and may represent a novel
prescreening marker for RA diagnosis

> SAA2 and SAA1B isoforms are potential RA
diagnostic biomarkers prior the onset of symptomatic RA
> SAA1a/SAA1B ratio could be used as a marker of
disease severity and response to treatment

TABLE 2 | Characteristics and results of articles investigating clinical utility of SAA in patients with juvenile idiopathic arthritis.

First author The aim of the study regarding Number Diagnosis Method used Results / Comments
(reference number) the clinical utility of SAA of patients  (number of for SAA
patients) measuring
Filipowicz-Sonowska To investigate SAA levels and its 86 JIA (21 with Radioimunno- > SAAis significantly elevated in patients with JIA,
et al. (43) correlations in Polish and American secondary assay especially in polyarticular and systemic forms in which
children with JIA and secondary amyloidosis, amyloidosis occurs more frequently
amyloidosis 45 without) > SAA is not significantly higher in JIA patients with
HC (n=20 with amyloidosis than in those without, therefore is not
mild infections) useful for detecting amyloidosis
Scheinberg et al. (44)  To evaluate clinical utility of 90 JIA (4 with Radioimunno- > SAA levels are significantly correlated with
measuring SAA levels in JIA secondary assay polyarticular and systemic forms as well as with
amyloidosis, disease activity in patients with JIA, but not with the
96 without) presence of secondary amyloidosis
Kutulculer et al. (45) To investigate several biomarkers in 147 JIA (n=82) Immunonephelo- > SAA levels show significant difference between
assessing disease stage in JIA FMF (n=35) metric assay active and remission stages in individuals with JIA or
patients HC(n=30) FMF
Cantarini et al. (46) To investigate SAA as a marker of 67 JIA (n=41: 16  ELISA > SAA is a more sensitive marker than ESR and
disease activity in JIA polyarticular + CRP in assessing disease activity in JIA (evaluated as
25 presence and number of active joints- clinically)
oligoarticular)
HC(n=26)
Dev et al. (47) To investigate SAA as a marker of 90 JIA (n=50) ELISA > SAA is a more sensitive marker than ESR and
disease activity in JIA HC (n=40) CRP in assessing disease activity in JIA (evaluated as
presence and number of active joints- clinically and
USG score)
Miyamae et al. (48) To explore biomarkers for 23 Systemic JIA SELDI-TOF MS, > SAAis significantly correlated with response to
monitoring and predicting response Immunonephelo-  both conventional and biologic therapy

to therapy in JIA

metric assay

> Baseline SAA level may be used for predicting
response to therapy

posttranscriptional event that has been functionally coupled to
gene expression and translation. These post-transcriptional
mechanisms are only partially explained, suggesting possible
epigenetic modifications (133, 134). The half-life time of SAA
(~35h) is significantly shorter than that of CRP (~47h) (4).
Interestingly, half-life time of their mRNAs (SAA mRNA~8.5h,

CRP mRNA~2.5h) indicate that SAA mRNA stability is
substantially greater than the CRP mRNA. Taken all together, it
seems that CRP expression is regulated mainly at the
transcriptional level, while post-transcriptional mechanisms are
involved in the regulation of SAA (133, 135). This is somewhat in
line with the notion that SAAcan be readily produced locally by
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TABLE 3 | Characteristics and results of articles investigating clinical utility of SAA in patients with ankylosing spondylitis.

First author The aim of the study regarding Number Diagnosis Method used Results / Comments
(reference number) the clinical utility of SAA of patients (number of for SAA
patients) measuring

Lange et al. (49) To evaluate SAA as marker of 72 AS ELISA > SAA correlates significantly with disease activity in
inflammation in AS AS patients (assessed by BASDAI score), but is not

superior to CRP or ESR

Jung et al. (50) To evaluate SAA as marker of 76 AS (n=38) Immunonephelo- > SAA is a more sensitive marker than ESR and
disease activity in AS patients HC (n=38) metric assay CRP in assessing disease activity in AS (evaluated by

BASDAI score)

De Vries et al. (51) To evaluate SAA as disease activity 165 AS ELISA > SAA correlates significantly with disease activity,
marker in AS patients receiving response to anti-TNF therapy, and has high predictive
anti-TNF therapy value for response to anti-TNF therapy

> SAA may be indicator of anti-drug antibodies
development

Li et al. (52) To find a diagnostic marker for AS 76 AS (n=38) 2-DE+MALDI- > SAA may be used as a diagnostic indicator of AS
by proteomic approach HC (n=38) TOF MS, , since it is over-expressed by more than 3-fold in the

ELISA sera of AS patients compared to healthy controls

Rademacher et al. (53)  To find biomarkers for predicting 117 AS (28 ELISA > SAA levels are significantly elevated in AS

radiographic progression of AS progressors + patients, but do not correlate with future radiographic
89 progression
noNprogressors)

Wau et al. (54) To find serum biomarkers for 151 AS (n=82) Human antibbody > SAAT1 is significantly correlated with disease
assessing response to adalimumab HC (n=69) array, activity in AS patients treated with adalimumab
in AS patients by proteomic ELISA > SAAT significantly correlates with peripheral joint
approach involvement in AS

Liu et al. (55) To explore serum biomarkers in AS 410 AS (n=192: 164 Tandem Mass > SAAis a sensitive marker for diagnosis and

patients by proteomic approach active + 28 Tag Proteomics, assessing disease activity in AS
inactive) ELISA > SAA1 is even more sensitive marker than total
HC (n=218) SAA

> Combination of CRP and SAA1 increases
sensitivity and specificity of CRP alone for diagnosis
and assessing disease activity in AS

synovial cells in joints of RA patients (20, 136). Moreover, Thorn
et al. (128, 137) detected a putative glucocorticoid response
element (GRE) functionally active in the SAAI gene, whereas it
was disrupted in the SAA2 gene. A paradox of an anti-
inflammatory drug inducing the pro-inflammatory mediator was
confirmed by De Seny et al. (20) who demonstrated
glucocorticoid-induced SAA secretion in human primary
joint cells.

SAA IN RHEUMATIC DISEASES

The role of SAA in pathogenesis of rheumatic diseases has been
most extensively investigated in RA, a IRD prototype,
characterized by synovial inflammation leading to a cartilage
destruction. The finding that the SAA concentration might be
even higher in synovial fluid than plasma, led to discovery of local
SAA production by rheumatoid synovial cells (20, 29, 138).
Connolly et al. demonstrated a SAA-induced leukocyte
migration and tissue infiltration, angiogenesis and inflammation
in synovial cells in rheumatoid arthritis (98, 139). Moreover, SAA
exhibits cytokine-like properties and can induce synthesis and
secretion of several proinflammatory cytokines, including TNFo,
IL-6 and IL-183 (140, 141). SAA plays a pathogenic role in joint
leading to the cartilage destruction by activating multiple
receptors, including N-formyl peptide receptor-like 1 (FPRLI,

also called lipoxin A4 receptor) (142, 143), scavenger receptor
class B type 1 (SR-B1) (144, 145), Toll-like receptor 4 (TLR4)
(146, 147), Toll-like receptor 2 (TLR2) (148-151) and receptors of
advanced glycation end products (RAGE) (147, 152). The
expression of these receptors is increased in RA synovial tissue
and mediates SAA-induced proinflammatory and angiogenic
effects by the activation of MAPKs and NF-xB (153). Moreover,
SAA stimulates the production of matrix metalloproteinases
(MMPs) by chondrocytes and synovial fibroblasts (154-156).
Stimulation of these cartilage-degrading proteinases contributes
to the chronic tissue injury in arthritis. Matrix metalloproteinase-
3 (MMP-3) is found highly concentrated in the synovial fluid
as well as in the serum of RA patients and correlates with
progression of erosion in RA (21, 157). MMP-3 production is
simultaneously up-regulated by the proinflammatory cytokines
IL-1B, TNFo and IL-17. Cytokine- and SAA-driven production of
MMP-3 in the rheumatoid joint appears to be a key mediator of
the cartilage destruction. Furthermore, SAA induces pentraxin 3
(PTX3) in rheumatoid synoviocytes. PTX3 is also an acute-phase
reactant involved in amplification of the inflammatory response.
This loop seems to involve N-formyl peptide receptor ligand-1
(FRLP-1) (158).

A new subset of interleukin 17 (IL-17) producing T helper
cells (Th17 cells) has been recently reported to play a critical role
in inflammatory joint diseases including RA, AS and psoriatic
arthritis (PsA) (159-165). In contrast to the other effector T-cell
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TABLE 4 | Characteristics and results of articles investigating clinical utility of SAA in patients with different types of vascullitis.

First author

The aim of the study regarding the

Diagnosis (number

Method used

Results / Comments

(reference number) clinical utility of SAA of patients) for SAA
measuring
Ma et al. (56) To find a potential biomarker for TA (n=43: 18 active + ELISA > SAA is significantly higher in patients with active TA than
assessing TA activity 25 inactive), in those with inactive disease, and is significantly higher in
HC (n=20) both groups compared to HC
Nair et al. (57) To evaluate SAA as a marker of TA (n=99: 43 active + ELISA > SAA is a more sensitive biomarker of disease activity
disease activity and treatment 48 inactive + 8 and treatment response than CRP or ESR in TA patients
response in TA indeterminate),
HC (n=40)
Hocevar et al. (58) To explore serum biomarkers utility for ~ GCA ND > High baseline SAA values are predictors of early relapse
predicting relapse in GCA patients (n=68: 31 relapsed + in GCA patients treated with GCs
receiving GCs 37 nonrelapsed) > Baseline SAA is better correlated with future relapses
than CRP or ESR
Burja et al. (59) To identify serum biomarkers for GCA (n=82: 35 Immuno- > SAA may be used as a marker for GCA diagnosis and
monitoring disease activity in patients relapsed + 47 nephelometric  disease activity (more sensitive than CRP or ESR)
with GCA nonrelapsed), assay
HC (n=46)
Dartavel et al. (60) To evaluate SAA as a marker of GCA (n=80: 21 active ND > SAA is significantly different between GCA patients with
disease activity in GCA + 59 inactive), active and inactive disease
microbial infections > SAA levels are not different between patients with active
(n=8) GCA and microbial infections
Van Sleen et al. (61) To find biomarkers for predicting GCA (n=41) ELISA > SAA is significantly elevated in GCA compared to HCs,
disease course in GCA and for HC (n=33) but not compared to patients with infection
monitoring response too therapy microbial infections > SAA correlates with disease activity in GCA patients
(n=13) receiving GCs
> Baseline SAA levels do not have a predictive value for
disease course in GCA
Mitani et al. (62) To find potential biomarkers of KD (n=65: 20 with Immuno- > SAA is significantly higher in patients with coronary
coronary artery lesions late after KD coronary artery nephelometric  artery lesion persistence late after KD than in patients with
lesions, 45 without) assay regressed or without lesions
Whitin et al. (63) To find a serum biomarker for KD (n=68) SELDI-TOF > A truncated form of SAA (7860 Da) may be a diagnostic
diagnosis of KD Febrile controls MS marker for KD
(n=61) + hybrid MS
immunoassay
Purevdorj et al. (64) To find a serum biomarker for HSP (n=127), ELISA > SAA is a sensitive and specific diagnostic biomarker for
diagnosis of HSP Infections (n=110), HSP (better than CRP)
HC (n=121)
Kuret et al. (65) To evaluate serum biomarkers for IgA vasculitis (n=62) Immuno- > SAA s significantly increased in adult IgA vasculitis and
diagnosis of IgA vasculitis HC (n=53) nephelometric  may be used as a diagnostic marker
assay

subsets, Th17 cells express the IL-23 receptor (IL-23R) on their
membrane and are dependent on IL-23 for their survival,
expansion and cytokine production (159). In addition, Th17
cells express the chemokine receptor 6 (CCR6) on their
membrane which can be activated by the chemokine ligand 20
(CLC20) (160). CLC20 acts as a chemo-attractant on Th17 cells
and stimulates IL-17 production. SAA is a potent inducer of both
IL-23 and CCL20 in synovium and, consequently, induces Th17
polarization from CD4 + T cells and IL-17 production (161, 162).
Furthermore, IL-17 also up-regulates the expression of CCL20
(166). Taken together, SAA sustains the chronic inflammation by
contributing to the recruitment of Th17 cells to the inflamed
synovium. Although serum and synovial fluid IL-17 levels in RA
patients are significantly elevated (163, 164), results of clinical
trials with anti-IL-17 antibodies have been discouraging. On the
other hand, IL17 blockade is highly effective in AS and PsA (166,
167). This may be due to a non-IL-23 dependent IL-17
production in innate immune cells, which can contribute to

the pathogenesis of these diseases (166). Figure 2 summarizes
the described SAA signal transduction and feedback pathways.
Recent studies (168-170) have shown that SAA also induces
the synthesis of pro-IL-1f and activation of the NOD-like
receptor family, pyrin domain containing 3 (NLRP3)
inflammasome and subsequent activation of caspase-1 which
converts pro-IL-1P to its active form IL-1f3, suggesting a further
link between SAA and systemic autoinflammatory disease.
Activation of the inflaimmasome cascade has one of the key
roles in initiation of the whole immune system. This recently
discovered connection, in addition to the above mentioned SAA
immunomodulatory pathways, emphasizes the importance of
SAA in the pathogenesis of rheumatic diseases. Proteins that are
mutated in autoinflammatory diseases mediate the regulation of
NF-kB activation, cell apoptosis, and IL-1p secretion through
cross-regulated signaling pathways. Since almost all clinical
manifestations associated with inflammasome dysregulation
are due to an inappropriate and/or excessive release of IL-1f3,
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TABLE 5 | Characteristics and results of articles investigating clinical utility of SAA in patients with sarcoidosis.

First author The aim of the study regarding Diagnosis Method used Results /Comments
(reference number) the clinical utility of SAA (number of for SAA
patients) measuring
Rothkrantz-Kos et al. To evaluate the clinical usefulness Sarcoidosis Immunonephelo- > SAA does not correlate with the disease severity in
(66) of SAA for assessing sarcoidosis (n=144: 73 metric assay sarcoidosis
severity untreated + 71
treated)
HC (n=282)

Miyoshi et al. (67)

To identify marker predictive of
increased parenchymal infiltration in
sarcoidosis

Sarcoidosis (n=43)

Salazar et al. (68) To evaluate SAA as a marker of Sarcoidosis
disease activity in patients with (n=85: 40 active +
sarcoidosis 45 inactive)

Bargagli et al. (69) To investigate possible benefits of  sarcoidosis (n=55)
SAA as a biomarker in sarcoidosis  HC (n=24)

Gungor et al. (70)

To find a sensitive marker of
sarcoidosis disease activity

Sarcoidosis (N=48:
37 active + 11

inactive)
HC (n=20)
Zhang et al. (71) To find a serum marker for Sarcoidosis (n=37)
differential diagnosis of sarcoidosis ~ Tuberculosis
from other lung diseases (N=20)

Other puimonary
diseases(n=20)

HC (n=20)
Enyedi et al. (72) To evaluate markers for differential ~ Sarcoidosis (n=69)
diagnosis of sarcoidosis from other ~ Other lung

lung diseases

diseases (n=35)

Immunoturbidi-
metric assay

ELISA

2-DE+western

> SAA concentration at diagnosis is not predictive of
increased parenchymal infiltration later in sarcoidosis

> SAA is significantly higher in sarcoidosis patients with active
disease than in those with inactive disease

> SAA and SAAT may be used as a diagnostic marker for

blot, sarcoidosis, marker of disease activity and a predictor of severe

ELISA disease (requiring steroid therapy)

ELISA > SAA can be used as a marker of sarcoidosis activity since it
correlates with disease activity (better than CRP)

MALDI-TOF MS, > SAA levels are significantly higher in sarcoidosis patients

ELISA compared to other lung diseases and can be used as a
diagnostic marker for sarcoidosis
> Truncated SAA forms might be an even more specific
diagnostic marker for sarcoidosis

Immunonephelo- > SAA does not significantly differ between patients with

metric assay

biopsy-proven sarcoidosis and biopsy negative patients

TABLE 6 | Characteristics and results of articles investigating clinical utility of SAA in patients with systemic sclerosis, systemic lupus erythematosus or psoriatic arthritis.

First author The aim of the study regarding Number Diagnosis Method used for Results / Comments
(reference number) the clinical utility of SAA of (number of SAA measuring
patients patients)

Brandwein et al. (73)

To explore SAA as a marker of

74 SSc (n=62)

Radioimmuno-assay

> SAAis significantly correlated with SSc severity

SSc severity HC (n=12) (assessed by extension of skin thickening)

Lakota et al. (74) To determine clinical correlations 227 SSc (n=129) ELISA > SAA significantly correlates with pulmonary
of SAA in patients with SSc HC (n=98) function and is a sensitive marker of pulmonary

involvement in SSc

Lis Swiety et al. (75) To evaluate SAA in SSc patients 48 SSc (n=33: 18  ELISA > SAA is superior to CRP as a biomarker of
in relation to skin and pulmonary early dSSc + 15 pulmonary involvement in SSc
involvement late dSSc)

HC (n=15)

Wang et al. (76) To investigate correlation 284 SLE (n=135: 52 Immunonephelometric > SAA is independently significantly correlated
between SAA levels and disease active + 83 assay with SLE disease activity (assessed by SLEDAI
activity in SLE inactive disease) score)

HC (n=149)
Boyd et al. (77) To evaluate correlations between 45 PsA (n=45) ELISA > SAAis the marker with the highest correlation

serum biomarkers and disease
activity in psoriatic arthritis

to the disease activity in PsA patients (compared to
15 measured biomarkers including CRP)

targeted IL-1PB blockade is the mainstay of treatment, and its
remarkable efficacy is well established. Biological therapies such
as anakinra (recombinant IL-1 receptor antagonist) and
canakinumab (monoclonal anti-IL-1B antibody) are both
licensed for several autoinflammatory diseases.

In 1974, Husby et al. identified amyloid protein A as a
proteolytic derivate of SAA by a sequence analysis of the
protein purified from amyloid deposits. Amyloid protein A is a
76 amino acids N-terminal derivate of SAA (171). The aberrant

processing of SAA in macrophage lysosomes leads to
accumulation of newly formed AA amyloid fibrils and
development of AA amyloidosis (172, 173). The generation of
SAA N-terminal fragments has been related to the activity of
MMPs (174). MMP1 has a putative cleavage site next to the site
of SAA1 amino acid substitutions at positions 52 and 57 (175).
SAAla has a higher affinity for cleavage by MMP1 than SAA1
or SAAly consequently leading to a larger amounts of
amyloidogenic truncated SAA forms (175). These data indicate
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TABLE 7 | Characteristics and results of articles investigating clinical utility of SAA in patients with systemic autoinflammatory diseases.

First author

(reference number)

Method used for
SAA measuring

The aim of the study Results / Comments
regarding the clinical utility

of SAA

Diagnosis (number
of patients)

Duzova et al. (78)

Lachmann et al. (79)

Berkun et al. (80)

Yalcinkaya et al. (81)

Kallinich et al. (82)

Lofty et al. (83)

Cakan et al. (84)

To evaluate SAA in detecting
subclinical activity in FMF and
for guiding colchicine therapy

FMF (n=183, attack- ND
free period)

> SAA level remains high even between attacks in children
with FMF, therefore can be used for detecting subclinical
inflammation

> SAA monitoring should be used as a guidance for
therapy adjustment

To evaluate inflammatory FMF (n=43) Immunonephelometric > SAA is significantly elevated during FMF attacks and
activity in FMF patients MEFV mutation assay remains increased between attacks
carriers (N=67) > SAAis higher among asymptomatic heterozygous
HC (n=50) carriers of MEFV mutations compared to HC, potentially
leading to development of amyloidosis (phenotype Il)
> SAA level monitoring should be used for assessment of
and reinforcing patients compliance for therapy
To evaluate SAA as a marker FMF (n=204) Immunonephelometric > SAA level is an indicator of subclinical inflammation in
for diagnosis and therapy assay FMF patients, a guidance for colchicine adjustment and a
adjustment in FMF marker for differentiating noncompliance and nonresponse to
colchicine
To evaluate the clinical utility of FMF (n=51: 36 ELISA > SAAis elevated during acute attacks and remains above

SAA in FMF patients with
amyloidosis

without amyloidosis +
15 with amyloidosis)
MEFV mutation
carriers (N=39)

Other chronic
inflammatory diseases

reference range even during attack-free periods in FMF
patients

> SAA s not significantly higher in FMF patients with a
higher potential for developing amyloidosis than in those
without, so cannot be used for predicting amyloidosis

(n=39)
Infections (n=20)
HC (n=19)
To find biomarkers of FMF (n=52: 28 Immunonephelometric > SAA concentration is significantly elevated in FMF

inflammation in FMF without attack, 19 assay patients at diagnosis, during attacks, in between the attacks
during attack, 5 and in MEFV mutation carriers
mutation carriers)

To investigate the clinical utility FMF (n=71) ELISA > SAA s elevated even during attack-free periods in FMF

of monitoring SAA levels in and, therefore, should be used for detecting subclinical
FMF inflammation
To determine the capability of ~ FMF (n=28) Immunonephelometric > SAA is significantly higher in acute FMF attack than in

SAA in differentiating attacks of = Acute respiratory assay acute febrile respiratory infection
FMF from acute febrile infection (n=28)
infections
Bilginer et al. (85) To find biomarkers for FMF (n=70, attack- ELISA > SAA s significantly higher in FMF patients even in attack-
predicting atherosclerosis in free period) free periods compared to HC
FMF patients HC (n=50) > SAA is significantly correlated with CIMT (an early
predictor of atherosclerosis)
Mohamed et al. (86) To explore relationship FMF (n=45, attack- ELISA > SAA s significantly elevated in FMF patients compared
between SAA and CIMT in free period) to HC
FMF patients HC (n=40) > SAA s significantly correlated with attack severity and
CIMT in FMF patients
Sargsyan et al. (87) To find biomarkers of vascular ~ FMF (n=102: 50 with  ELISA > SAAis significantly higher in FMF patients with vascular
involvement in FMF patients vascular disease, 52 involvement than in those without
without)
Aygunduz et al. (88) To evaluate SAA as a marker ~ BD (n=43: active 20 + ELISA > SAA s significantly elevated in patients with BD and
of disease activity in BD inactive 23) correlates with disease activity
HC (n=27)
Cantarini et al. (89) To evaluate potential BD (n=27) ELISA > SAA is not significantly correlated with disease activity in
correlations between HC (n=35) BD
circulating biomarkers and > SAA'is an indicator of skin involvement in BD
clinical activity of BD
Vitale et al. (90) To evaluate SAA as a marker  BD (n=26) ELISA > SAA serum levels higher than 30, 50 and 150 mg/L are
of disease activity in BD significantly associated with the occurence of oral aphthosis,
neurological and ocular involvement, respectively
Sota et al. (91) To explore potential values of ~ BD (n=64) ELISA > SAA levels do not correlate with disease activity in BD
SAA as a biomarker in patients > SAA levels >200 mg/L are significantly associated with
with BD major organ involvement
(Continued)
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TABLE 7 | Continued

First author
(reference number)

The aim of the study
regarding the clinical utility
of SAA

Diagnosis (number
of patients)

To evaluate SAA as a
biomarker in intestinal BD by

Lee et al. (92) Intestinal BD (n=64: 9

mild + 35 moderate +

proteomic analysis 20 severe)
HC (n=56)
Hawkins et al. (93) To evaluate SAA in monitoring  MWS (n=3)
response to anakinra (anti-IL-
1R antibody) in MWS patients
Scarpioni et al. (94) To evaluate SAA in monitoring  MWS (n=2)
response to canakinumab in
MWS patients
Hoffman et al. (95) To evaluate SAA in monitoring  FCAS (n=95)
response to rilonacept in MWS (n=3)
patients with CAPS FCAS/MWS (n=3)
Goldbach-Mansky To evaluate SAA in monitoring  FCAS (n=5)
et al. (96) response to rilonacept (anti-IL-
1R therapy) in patients with
CAPS
Wiken et al. (97) To evaluate SAA in monitoring  NOMID (98)
response to anakinra in MWS (7)

patients with CAPS

Method used for

Results / Comments

SAA measuring

2-DE + MALDI-TOF/

> SAA levels >150mg/L are associated with ocular, skin
and mucosal involvement in BD
> SAAis significantly elevated, but is not correlated with

TOF MS, disease severity in patients with intestinal BD

ELISA

Immunonephelometric > SAA is significantly reduced after initiation of anakinra

assay treatment in MWS as well as the clinical symptoms, therefore
can be used for monitoring response to biologic therapy

Immunonephelometric > SAA is significantly reduced after initiation of

assay canakinumab treatment in MWS as well as the clinical
symptoms, therefore can be used for monitoring response to
therapy

ND > SAA levels are significantly reduced after initiation of
rilonacept therapy and remain low during long-term follow-up

ND > SAA significantly correlates with disease activity and
response to anti-IL-1 therapy in FCAS patients

Immunonephelometric > SAA is significantly reduced after initiation of anakinra

assay treatment in CAPS as well as the clinical symptoms and the

development of anti-drug antibodies does not effect either

that susceptibility to N-terminal cleavage at residue 57 might be
related to a higher risk of developing amyloidosis.

In blood circulation SAA associates with high density
lipoproteins (HDL), where it replaces apolipoprotein Al. During
the acute phase response, SAA constitutes up to 87% of the
apolipoprotein content of HDL particles. Incorporation of
SAA into the HDL particle leads to a structural modification
with a consequent functional deficiency. These so-called
proinflammatory HDLs (piHDLs) are characterized by reduced
capacity for reverse cholesterol transport, increased oxidation of
low density lipoproteins (LDLs) and reduced inhibition of
monocyte chemoattractant protein 1 (MCP-1) production in
vascular smooth muscle cells. These changes result in an
increased atherogenic potential (176, 177). Recent studies (178,
179) have proposed piHDLs as biomarkers of disease activity in
IRD. Additionally, high expression of SAA mRNA by several cell
types in atherosclerotic lesions suggests a role in the pathogenesis
of atherosclerotic plaques (180). The earliest phase of
atherogenesis involves vascular endothelial cell (EC) dysfunction.
The SAA-induced pro-inflammatory cytokine TNFa. stimulates
the expression of adhesion molecules on ECs and stimulates the
production of tissue factor (TF) which promotes the formation of
atherosclerotic plaque (181, 182). SAA-treated ECs show a
significantly increased expression of TNFo, TF and vascular
endothelial growth factor (VEGF) (183). Pharmacological
blockade of SAA receptors, including FPRL1, TLR2/4 and
RAGE, inhibits SAA-mediated pro-atherogenic effects in ECs.
However, the pharmacological inhibition is only partial in
contrast to adding isolated human HDL which almost
completely abrogates SAA-induced pro-atherogenic activity
(183, 184). HDL reduces SAA’s bioavailability, but other

mechanisms for modulating SAA pro-atherogenic activities in
EC are also possible. For instance, circulating HDL may indirectly
inactivate membrane SAA receptors by membrane cholesterol
level modulation (185). Therefore, SAA:HDL blood ratio may be
of a critical importance for HDL's ability to protect ECs from SAA
pro-atherogenic activities. Furthermore, SAA up-regulates the
expression of TLR2 in EC, suggesting a positive feedback loop
(186). On top of all that, SAA significantly decreases endothelial
nitric oxide (NO) synthase levels, NO bioavailability and the
activity of internal antioxidant enzymes catalase and superoxide
dismutase in ECs, leading to an increased superoxide radical
anion production, impaired NO activity and, consequently,
endothelial dysfunction and atherosclerotic plaque formation
(187). Intriguingly, atherosclerotic cardiovascular diseases
are the primary cause of premature death in patients with
rheumatic diseases.

SAA IN RHEUMATOID ARTHRITIS

SAA can be used as a diagnostic marker for RA since its serum
levels are significantly elevated in RA patients compared to
healthy controls and patients with osteoarthritis (OA) (5, 9-
11). SAA levels are increased in RA compared to OA patients not
only in the serum, but also in synovial fluid, as a result of a local
production (12, 20, 29). A number of researches demonstrated a
significant correlation between SAA serum concentration and
RA disease activity (9, 10, 13). SAA is a more sensitive marker of
disease activity in RA than CRP or ESR (11, 14-16, 21), even
during pregnancy (17). Chambers et al. were the first to report an
increased SAA level in RA patients with normal CRP levels in
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TABLE 8 | Characteristics and results of articles investigating clinical utility of SAA in patients with AA amyloidosis.

First author

The aim of the study

Diagnosis (number of

Method used

Results / Comments

(reference number) regarding the clinical utility patients) for SAA
of SAA measuring
Falck et al. (6) To investigate the role of RA with AA amyloidosis Radioimmuno- > Mean SAA levels are significantly correlated with the
monitoring SAA levels in RA (n=20) assay change in renal function (creatinine clearance), therefore can
patients with secondary be used for predicting renal deterioriation in amyloidosis
amyloidosis
Ishii et al. (99) To investigate SAA serum RA (n=217: 200 without + ND > SAA levels are significantly higher in RA patients with
levels and SAA genotype in RA 17 with amyloidosis) amyloidosis than in those without
patients with amyloidosis > SAA1.3 allel is a risk factor for developing amyloidosis in
Japanese population
Migita et al. (100) To investigate correlation RA (n=56: 18 with Immuno- > SAA concentration is not correlated with the presence of
between SAA concentrations amyloidosis + 38 without)  nephelometric amylodiosis in RA patients
and the presence of assay > The ratio of SAA-derived fragments to total SAA is
amyloidosis in RA patients significantly higher in patients with amyloidosis
Gorlier et al. (101) To find a diagnostic marker for  FMF (n=56: 50 without +  ND > Mean SAA is not significantly correlated with the
AA amyloidosis in FMF 6 with amyloidosis) presence of AA amyloidosis, therefore is not clinically useful
patients for detecting amyloidosis in FMF
Lachmann et al. (102)  To evaluate potential benefits ~ AA amyloidosis (n=374, Immuno- > Median SAA level is an indicator of changes in renal
from monitorig SAA levels in different underlying nephelometric function, prognostic factor and indicator of death risk in AA
AA amyloidosis diseases) assay amyloidosis
> SAA monitoring should be used for therapy guidance in
patients with AA amyloidosis
Gilmore et al. (103) To assess amyloid load in AA amyloidosis (n=80, ELISA > Median SAA level is significantly correlated with changes
relation to SAA levels in different underlying in amyloid load and long-term survival in patients with
amyloidosis diseases) secondary amyloidosis
Perry et al. (104) To investigate the effect of AA amyloidosis (n=9, ND > SAA serum levels may be used for monitoring response
etanercept on SAA levels in different underlying to etanercept in patients with AA amyloidosis
patients with amyloidosis diseases)
Nakamura et al. (105)  To investigate etanercept RA with amyloidosis ND > Etanercept induced SAA decrease is followed by
effects on SAA levels and (n=14) decrease in disease activity in amyloidosis patients, therefore
disease activity in amyloidosis SAA may be used for monitoring response to etanercept
Mijagawa et al. (106) To assess effects of RA with amyloidosis(n=5)  ND > Tocilizumab induced SAA decrease is associated with
tocilizumab on SAA levels in clinical improvement in amyloidosis, therefore SAA may be
AA amyloidosis used for monitoring response to tocilizumab
Lane et al. (107) To study efficacy of AA amyloidosis (n=14, Immunonephelo- > Decrease in SAA levels in amyloidosis patients receiving

Okuda et al. (108)

tocilizumab in AA amyloidosis

different underlying

diseases)

To compare the effects of anti-
IL-6 and anti-TNFo therapy on
SAA levels in AA amyloidosis

AA amyloidosis (n=42,
different underlying
diseases)

metric assay tocilizumab is associated with decreased proteinuria and
amyloid regression, therefore SAA can be used as a marker of
response to tocilizumab

> Decrease in SAA levels and disease activity is significantly
greater in patients receiving anti-IL-6 than in those receiving

anti-TNFo. therapy

ND

TABLE 9 | Characteristics and results of articles investigating clinical utility of SAA in patients with COVID-19.

First author
(reference
number)

The aim of the study regarding the
clinical utility of SAA

Number of
patients (n)

Results / Comments

Xu et al. (109)

Shi et al. (110)
Wang et al. (111)

LiHetal (112)

LiXetal (113)

Mo et al. (114)

To explore changes in serum
biomarkers in COVID-19 patients

To find serum biomarkers of disease
severity in COVID-19

To evaluate biomarkers in assessing
COVID-19 severity

To evaluate SAA as a marker of
COVID-19 severity and prognosis

To reveal a predictor of fatal outcome
in COVID-19

To find a serum biomarker with a
predictive value for COVID-19
prognosis

187

114

143

132

25

118

> SAA levels are significantly increased in COVID-19 patients and may be used as a
diagnostic marker

> The mean SAA concentration in critically-ill patients is significantly higher than in mild-
ill patients, therefore may be used as a marker of disease severity in COVID-19

> SAA may be used as a marker of disease severity in COVID-19 patients

> SAA is significantly associated with COVID-19 severity

> SAA levels above 100 mg/L are indicative of disease progress to the critical stage
> SAA is a sensitive marker of COVID-19 severity

> Dynamic changes in SAA level are significantly correlated with clinical outcome of
COVID-19

> SAA might be a predictor of fatal outcome in patients with COVID-19

> SAA levels correlate with COVID-19 severity
> SAA is an independent predictor of severe COVID-19 with accuracy of 89.1% at the
cut-off value of 122.9 mg/L
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CLC20 chemokine by producing IL-17.

FIGURE 2 | SAA signal transduction pathways and feedback loops with relevance for rheumatic diseases. SAA activates several cell receptors including Toll-like
receptors 2 and 4 (TLR2, TLR4), formyl peptide receptor -like 1 (FPRL1), scavenger receptor class B type 1 (SRB1) and receptors of advanced glycation end
products (RAGE). SAA receptors share common properties in activating protein kinases (MAPKSs) and transcription factors such as nuclear factor kappa B (NF-kB),
signal transducer and activator of transcription 3 (STAT-3) and activator protein 1 (AP-1). These factors promote transcription of interleukin 6 (IL-6), interleukin 18 (IL-
1B), tumor necrosis factor o (TNFoy), matrix metalloproteinases (MMPs), chemokine ligand 20 (CLC20), pentraxin 3 (PTX3), etc. IL-6, IL-16 and TNFa stimulate SAA
production, while PTX3 promotes inflammation by activating FPRL-1. CLC20 recruits Th17 cells which stimulate transcription of cartilage-degrading MMPs and

40% of the patients included in their study (14). Authors
considered sex, age, disease duration as well as therapy
differences between groups in consideration, but did not find a
significant divergence that could influence results. Subsequent
studies confirmed the usefulness of SAA for detecting subclinical
inflammation, even in patients with CRP within the reference
values (18, 19, 22, 29). Hwang et al. (18) and Connolly et al. (23)
proposed SAA for monitoring RA disease activity in patients
receiving anti-TNFo therapy, since anti-TNFa. therapy reduced
CRP even without reduction in disease activity, while SAA was
less affected. This may be a result of synthesis under the influence
of different cytokine combinations.

Furthermore, considerably increased SAA levels (>520 mg/L)
in patients with recent onset arthritis can distinguish patients
with a final diagnosis of RA from those with persistent
undifferentiated arthritis (15). In addition, baseline SAA levels,
contrarily to CRP or ESR, are independently correlated with RA
radiographic progression at 1-year (23). Wild et al. (19)
performed a multivariate analysis of 32 biomarkers (including
SAA and CRP), out of 131 initially considered, which were
subjected to three inclusion criteria: discrimination between
RA patients and healthy controls, ability to identify anti-cyclic
citrullinated peptide antibody (anti-CCP) negative RA patients
and specificity for RA. Among the tested biomarkers, only the
combination of SAA and anti-CCP increased the sensitivity of
anti-CCP alone (80.1% vs. 75.8%, respectively), although this was
followed by a drop in specificity (94% for anti-CCP alone vs.

86.6% for SAA+ anti-CCP). Moreover, SAA is incorporated in
the widely used multi-biomarker disease activity (MBDA) test
developed by Centola et al. (24) for RA activity assessment and
discrimination of patients with a low disease activity from those
with a moderate or high disease activity. The group tested 130
biomarkers for estimating RA activity in samples obtained from
702 patients and finally included only 12 biomarkers in MBDA
score. While most of the MBDA score biomarkers can predict
either Swollen Joint Count (SJC28), Tender Joint Count (TJC28)
or Patient Global Assessment (PGA), SAA predicts all of them.
Recently, Ma et al. (25) investigated the utility of the MBDA
score and its individual components for predicting outcomes in
patients who are in a stable low disease activity. They found that
the baseline SAA level can be used for predicting remission over
12 months. The average of 3 measurements obtained over the
first 6 months had an even better predictive value. Moreover,
baseline SAA concentrations were significantly higher in patients
with low disease activity than patients in total remission.
Therefore, SAA may be used for detecting subclinical
inflammation and for predicting remission at 1 year in patients
with RA.

SAA has also been correlated with cardiovascular disease in
RA patients. Wong et al. (26) found that the decreased arterial
elasticity in RA patients, which may precede atherosclerosis, is
significantly inversely correlated with SAA concentration.
Another study reported a trend of association between SAA
levels and severity of coronary atherosclerosis in patients with
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RA (27). Along with a significant correlation between SAA and
cardiovascular involvement, Targonska-Stepniak et al. found a
significant correlation with renal involvement (assessed by serum
levels of cystatin C—an early marker of chronic kidney
disease) (13).

Numerous researches verified SAA as an indicator of
response to therapy in RA patients. Kullich et al. investigated
the effects of leflunomide, a conventional disease-modifying
antitheumatic drug (DMARD) therapy in RA (28). Their in
vivo results with significant reduction of SAA and MMP levels
after 6 months of leflunomide therapy confirmed a previously
reported suppressive effects of leflunomide in vitro (188).
Targonska-Stepniak et al. (22) also investigated the influence of
leflunomide and found that, in spite of a reduction in disease
activity and other laboratory inflammatory markers including
CRP and ESR, the mean SAA concentration at 12 months of
leflunomide treatment did not significantly differ from the SAA
level at the start of treatment, revealing an ongoing subclinical
inflammation. More recently, Boeters et al. (30) revealed a
significant association between higher SAA levels (>3 ug/ml) at
disease onset and achievement of sustained-DMARD-free
remission (defined as the absence of synovitis that sustained
after discontinuation of all DMARD therapy to at least 1 year)
suggesting a predictive value of SAA. Migita et al. (130)
demonstrated that Janus kinase inhibition down-regulates IL-6
induced SAA expression in rheumatoid synovium. In the
subsequent study (31) they validated SAA as a sensitive
biomarker of response to tofacitinib (Janus kinase inhibitor) in
patients with active RA. Tofacitinib reduced both IL-6 and SAA
serum levels. In patients who experienced a post-treatment SAA
normalization, the decrease of disease activity was greater
compared to those with persistently high levels. This finding
suggests that SAA may be used for monitoring response to
tofacitinib in RA patients, although the caution is needed when
interpreting the results, since only 14 patients were included in
the study, and only 4 received tofacitinib as monotherapy.
Finally, many researchers investigated response to anti-TNFo
antibodies in RA patients by monitoring SAA levels.
Visvanathan et al. (32) reported that the reduction in serum
level of SAA at week 4 after initiation of golimumab therapy in
RA patients correlates significantly with clinical improvement at
week 16, suggesting the use of SAA for predicting the clinical
response. Doyle et al. (33) validated SAA as a potential
biomarker for evaluating response to golimumab in RA
patients but did not found clinically relevant correlation
between baseline SAA levels and clinical improvement at week
24 of golimumab therapy. Furthermore, the clinical utility of
SAA for assessing response to adalimumab in RA patients has
been validated by Kobayashi et al., Berner Hammer et al. and
Gabay et al. (34-36), while Nissinen et al. (37) reported SAA
levels to be significantly correlated with clinical improvement in
RA patients treated with infliximab. In addition, Gabay et al. (36)
compared effects of adalimumab and sarilumabon serum
biomarkers in a large cohort (n=307) of RA patients. They
found a significant greater decrease of SAA at week 24 in
responders than non-responders in adalimumab group.

Although total SAA reduction was greater in sarilumab group,
the association between clinical efficacy and SAA reduction was
not found in this group, suggesting that a direct effect of IL-6
blockade on SAA production is independent of its effect on
disease activity. In addition, this research reported a significant
predictive value of high baseline SAA levels for a better clinical
response to sarilumab than adalimumab. Further studies with a
longer follow-up are needed for validating and expanding
these results.

Lately, quantitative methods for measuring different SAA
isoforms and proteomic techniques for exploring clinical
relevance of these isoforms are being developed. Xu et al. (38)
developed ELISA for SAA1 and investigated levels and ratios of
SAAL in total SAA in healthy subjects and RA patients. They
found that both SAA1 and total SAA are significantly elevated in
RA patients compared to healthy subjects, although the SAA1/
SAA ratio did not differ between the two groups. De Seny et al.
(39) used SELDI-TOF MS (surface-enhanced laser desorption/
ionization time-of-flight mass spectrometry) for finding proteins
that are significantly elevated in RA patients. Interestingly, along
with SAA of 11,682 Da, two truncated and probably post-
translationally modified SAA proteins were also identified: SAA
without its first N-terminal Arg residue of 11,526 Da (SAA des-
Arg) and SAA truncated at the N-terminal end by 2 residues, Arg
and Ser, of 11,439 Da (SAA des-Arg/des-Ser). Li et al. (40)
confirmed the differential expression of SAA in the serum of RA
patients compared to healthy controls by proteomics. Seok et al.
(41) used a nanoliquid chromatography-tandem mass
spectrometry (LC-MS/MS) to identify candidate biomarkers for
RA pre-screening. They found the concentration of SAA4 in the
serum of clinically healthy individuals with high rheumatoid factor
(RF) values significantly higher compared to sera with normal RF
values. Furthermore, by using ELISA, they validated a significantly
up-regulated SAA4 in RA patients. Therefore, SAA4 may
represent a novel prescreening marker for early RA detection.
Remarkably, SAA4 was found to be superior to CRP as RA
biomarker, and the combination of SAA4 and CRP had even
higher pre-screening efficacy. Nys et al. (42) investigated SAA1
and SAA2 isoforms and their allelic variants in patients with early-
onset, weak/moderate and severe RA, AS, SLE, OA and healthy
controls. They found SAA2 levels significantly higher in all the RA
patients compared to controls and other pathologies (SLE; OA),
while SAA1P levels were increased only in early-onset RA and
SAAla in severe RA. The weights of SAAlar and SAA1P levels in
the total SAA response were different according to the studied
pathologies and RA severity. In particular, SAAlo. made up to
80% of total SAA in RA while SAA1f made up to 69% in SLE. This
leads to the conclusion that SAA2 and SAA1P isoforms can serve
as RA biomarkers before the symptoms onset (along with RF and
anti-CCP), while the SAA10/SAA1 ratio is useful for evaluating
disease severity and response to treatment. Furthermore, this
study demonstrated that SAA is not only quantitatively different
among various inflammatory pathologies, but also qualitatively by
different representation of isoforms.

In conclusion, described observations (as summarized in
Table 1) indicate that assessment of the commonly used
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markers of disease activity (CRP or ESR) is insufficient for
evaluation of the disease activity in RA. Moreover, persistent
elevated SAA levels represent subclinical inflammation and a risk
for developing amyloidosis. Subsequent determinations of SAA
serum levels could therefore be useful for recognizing patients in
a need of a more intensive treatment with biologic
immunotherapy. Additionally, the identification of various
SAA truncated isoforms by proteomics, which is not possible
by ELISA, may be of importance because of their possibly
different pathophysiological roles. For the time being, only
SAA forms with a role for diagnosis have been investigated,
while further studies should explore the specificity of these SAA
forms for different rheumatic diseases and their value in
monitoring disease activity and predicting disease course.

SAA IN JUVENILE IDIOPATHIC ARTHRITIS

Filipowicz-Sosnowska et al. (43) and Scheinberg et al. (44) were
the first to report a significant correlation between SAA
concentration and disease activity in JIA patients. Moreover,
both groups noticed significantly higher levels of SAA in
systemic and polyarticular forms of JIA than in the
oligoarticular type. Intriguingly, the first two forms have higher
incidence of amyloidosis. However, in both studies, SAA levels
were not different between JIA patients with secondary
amyloidosis and those without, indicating that SAA levels
cannot be used for detecting amyloid deposits in JIA patients.
Kutulculer et al., Cantarini et al. and Dev et al. (45-47) discerned
SAA as a more sensitive marker than CRP or ESR for assessing
JIA disease activity defied by the presence and number of active
joints assessed by clinical and ultrasonographic examination. In
addition, SAA was elevated in 18% of patients with normal ESR
and 28% of patients with normal CRP (47). This suggests that
SAA should be used as a marker of disease activity in JIA
patients, especially in terms of low disease activity.

Miyamae et al. (48) explored differentially expressed proteins
in systemic JIA patients. Paired sera from each patient were
analyzed prior to and after the treatment with conventional or
biologicDMARDs, using the SELDI-TOF MS proteomic analysis.
Despite the small number of patients (n=23), highly significant
and consistent changes were observed, with SAA (11.6 kDa)
showing the biggest decrease in expression upon the treatment.
In addition, responders and non-responders to conventional
therapy had significant differences in baseline SAA expression,
suggesting clinical utility of SAA for both predicting and
monitoring response to therapy in JIA patients. Articles
concerning utility of SAA in JIA patients are summarized in
Table 2.

SAA IN ANKYLOSING SPONDYLITIS

Many studies have shown that SAA can be used as a marker of
disease activity and response to therapy in AS patients (Table 3).
Lange et al. (49) evaluated SAA as a marker of disease activity in

AS and found a significant correlation with Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), the established
disease activity score. Moreover, Jung et al. (50) reported that
SAA is superior to CRP and ESR in the detection of AS
inflammatory activity. SAA and BASDAI score were elevated
and positively correlated even in AS patients with normal ESR
(42% of all patients) and CRP levels (24% of all patients included
in the study).

De Vries et al. investigated the usefulness of SAA for
predicting and monitoring response to anti-TNFa therapy
(infliximab or etanercept) in AS patients (51). They found that
normal baseline levels of both CRP and SAA were significantly
associated with nonresponse to therapy, while elevated baselines
of each of these acute phase proteins had a high predictive value
for response. The combination of elevated baseline CRP and
SAA levels was the strongest predictor of response to anti-TNFo
therapy, suggesting these baseline values should be added to anti-
TNFo response criteria in order to facilitate selection of AS
patients who are likely to respond to this kind of treatment.
Interestingly, a secondary increase of SAA levels after initial
normalization was associated with developing antibodies against
infliximab. Therefore, monitoring SAA levels might be used for
detecting anti-drug antibodies even before the loss of response to
adalimumab and clinical deterioration. This intriguing finding
was recently verified in a large cohort of IBD patients (n=805)
receiving adalimumab by Rubin et al. (189). SAA concentrations
were significantly decreased after introducing adalimumab to
therapy. After initial normalization, SAA levels significantly
increased in patients who developed anti-adalimumab
antibodies. High titter of these antibodies were associated with
4.8-fold increase in the SAA expression.

Lietal. (52) confirmed SAA as a diagnostic indicator of AS by
a proteomic approach (MALDI-TOF MS). Rademacher et al.
(53) validated increased SAA levels in AS patients but did not
found a significant correlation between baseline SAA levels and
radiographic spinal progression after two years. However,
baseline SAA was measured in a cohort of patients with
advanced AS (mean disease duration was 15 years). Therefore,
before reaching the final conclusion, the further studies
evaluating SAA as a predictor of the radiographic progression
in early-stage AS patients is needed.

Recently, Wu et al. (54) discovered 7 over-expressed proteins
in the sera from AS patients compared to healthy controls by
using an human antibody array. In this study, a protein with the
highest differential expression was SAAI, even in patients
receiving adalimumab. Moreover, SAA1 was significantly
higher in patients with peripheral joint involvement and
significantly decreased after 24-weaks of adalimumab therapy.
Liu et al. (55) also performed a proteomic analysis of AS patient’s
sera and found that the combination of CRP and SAA1 has the
highest sensitivity and specificity for AS diagnosis and disease
activity. They confirmed that SAA1 is more sensitive than total
SAA in differentiating active from stable AS as well as AS from
healthy controls. All participants in this study were treatment
naive and without comorbidities, making the results highly
reliable and worth of further exploration.
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SAA IN DIFFERENT TYPES
OF VASCULITIS

As in other IRD, studies have shown that SAA is a potentially
good biomarker of diseases activity and response to therapy in
patients with Takayasu arteritis (TA) and other types of vasculitis
(Table 4). Ma et al. (56) and Nair et al. (57) found circulating
SAA levels significantly higher in TA patients with active disease
compared to those with inactive disease. Nevertheless, SAA levels
in the inactive group were still higher than in healthy controls,
suggesting an ongoing subclinical inflammation, which was
occasionally confirmed by a FDG PET-CT (fluorodeoxiglucose
positron-emission computed tomography) and led to therapy
adjustment. In the same manner, no significant differences were
found for CRP. Furthermore, Nair et al. (57) analyzed changes in
biomarker levels and disease activity as a response to therapy
(mycophenolate mofetil, azathioprine or methotrexate). SAA
levels significantly decreased during the follow-up of mean
duration of 7.5 months in treatment responders, while there
were no significant changes in non-responders. The relative
changes in SAA values during follow-up reflected the response
to treatment more accurately than the same changes in CRP or
ESR values. These results are limited by a small cohort size, hence
further studies with a longer follow-up and in a larger cohort
should ascertain the utility of monitoring SAA levels in the
management of TA patients.

Lately, an important role of SAA in the pathogenesis of giant cell
arteritis (GCA) has been recognized. Along with proangiogenic
properties and the induction of cell growth and angiogenesis
mediated by TLR2, O’Neil et al. (190) proved that SAA is directly
secreted in inflammatory temporal arteries. Hocevar et al. (58)
reported a predictive value of high baseline SA A levels (measured at
diagnosis) for an early relapse in patients with GCA receiving
corticosteroids, indicating a clinical utility of SAA in an early
identification of non-responders to corticosteroid therapy. The
correlation of baseline SAA with relapse was more significant
than that of CRP or ESR. The reported correlations are limited by
a small cohort size and potential selection bias since the study was
performed at one department in a single centre. Burja et al. (59)
identified SAA as the most differentially expressed serum biomarker
between patients with GCA and HC (83-fold increase in patients)
out of 48 tested laboratory parameters (including CRP and ESR). All
patients included in the study were in early disease stage, treatment
naive and were followed up for at least 1 year. Changes in SAA levels
were better correlated with disease activity than changes in CRP or
ESR levels. Considering the large proportion of smokers (38%), type
II diabetes (14%) and hypertensive patients (53%) in the study
cohort, as well as the fact that healthy controls significantly differed
in age (median age of 74.1 in patients vs. 50.8 in healthy controls),
future research should corroborate the observed correlations.
Dartevel et al. (60) confirmed clinical utility of SAA in
distinguishing GCA patients with active from those with inactive
disease. Despite tendency to higher SAA concentrations in
microbial infections, they observed no statistically significant
difference between active disease and infection, similarly to Van
Sleen et al. (61). Intriguingly, SAA was significantly correlated with

serum IL-6 levels only in GCA but not in infection group, suggesting
pathophysiological differences. The latter group also confirmed
SAA expression at the tissue level (temporal artery biopsy),
emphasizing its important role in GCA.

The clinical applicability of SAA has also been investigated in
Kawasaki disease (KD). Mitani et al. (62) revealed a significant
association of elevated SAA concentration and persistence of
coronary artery lesions (aneurysms, stenosis or occlusion) late
after KD (mean time after onset was 10 years). This association
was supported by logistic regression analysis (adjusting for age,
smoking, BMI, blood pressure, total cholesterol/HDL ratio) and was
stronger for SAA than for CRP. When interpreting the results, a
caution is needed since the study was cross-sectional and the
number of patients was relatively small, so large cohort
corroboration is required. Whitin et al. (63) published an
intriguing report on a novel truncated SAA form in patients in
Kawasaki disease. By using a proteomic approach (SELDI-TOF
MS), the group investigated differences in serum protein expression
between children with KD and febrile children with at least 3 day-
long fever and at least one of the clinical criteria for KD. One mass
spectrometry peak (7,860 Da) had significantly higher intensity in
children with KD than controls, along with a significant difference
among acute and subacute KD patients. Noteworthy, the peak,
which was identified as truncated form of SAA with N-terminal at
Lys-34, disappeared when the symptoms resolved. Moreover, the
possibility of ex vivo SAA proteolysis was excluded by the presence
of the truncated form even when the blood samples were collected in
tubes containing protease inhibitors. Nevertheless, the relevance of
this SAA form as a diagnostic biomarker in KD and possibly in
other types of vasculitis as well as its place in pathogenesis is yet to be
discovered. Moreover, it is important to underline that for the
peptide identity confirmation the hybrid mass spectrometry
immunoassay technique was used, since a conventional ELISA
would not have detected the truncated SAA peptide because its
signal would have been a minor contributor to the overall plasma
SAA content.

Finally, Purevdorj et al. (64) identified SAA as the most
sensitive biomarker for diagnosis of Henoch-Schonlein
purpura (HSP) among 12 tested biomarkers (including CRP),
however no significant difference was found between SAA levels
in HSP and sepsis. In a cross-sectional study by Kuret et al. (65).
SAA levels were significantly increased (12-fold) in the sera of
adult patients with IgA vasculitis compared to healthy controls.
Based on these reports, the potential clinical utility of SAA in IgA
vasculitis in both children and adults is worth of further studies.

SAA IN SARCOIDOSIS

SAA has been evaluated as a marker of sarcoidosis in many
reports (summarized in Table 5). Chen et al. (191) demonstrated
a more intense SAA expression in the sarcoidosis granuloma
compared to other granulomatous diseases, suggesting it as a
diagnostic biomarker for sarcoidosis. SAA also emerged as a key
protein regulating granulomatous inflammation through TLR-2.
Serum levels of SAA are increased in all sarcoidosis patients but
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reports regarding SAA correlation with sarcoidosis severity are
non-consistent. Rothenkrantz-Kos et al. (66) defined disease
severity by chest radiographs and lung function test results and
found no correlation with SAA levels. They characterized SAA as
a sensitive (96%), but not specific (37%) diagnostic marker for
sarcoidosis (cut-off level of 2.5 mg/L). However, the control
samples in this cross-sectional study came from a cohort of a not
well-defined ostensibly healthy donors and the treatment
administered to patients was not reported. In a study by
Miyoshi et al. (67) baseline SAA levels were not predictive for
an increased lung infiltration in patients with sarcoidosis,
although SAA was not influenced by immunosuppressive
therapy unlike the commonly used ACE (angiotensine-
coverting enzyme). On the other hand, Salazar et al., Bargagli
et al. and Gungor et al. (68-70) reported significantly higher SAA
levels in patients with active sarcodiosis than in patients with
inactive disease. Moreover, Bargagli et al. (69) found a predictive
value of SAA for prolonged steroid requirement. Interestingly,
proteomic analysis revealed two highly expressed SAA1 isoforms
in all of the sarcoidosis sera and in none of the sera from healthy
controls. These SAA1 isoforms could match the unidentified
biomarker of sarcoidosis previously reported in a proteomic study
by Bons et al. (192). The latter group used SELDI-TOF MS and
reported two unidentified serum proteins that were up-regulated in
the sarcoidosis sera. The molecular weights of those proteins
(11,995 and 11,734 Da) correspond to those of the two SAA1
isoforms in the study by Bargagli et al. (69). and Bons et al. reported
the high sensitivity and specificity of these proteins for sarcoidosis
(192). Zhangetal. (71) confirmed that SAA was significantly higher
in the sera from sarcoidosis patients compared to patients with
other pulmonary diseases including tuberculosis (the sensitivity of
96.3% and specificity of 52.3% at the cutoff value of 101.98 mg/L).
Furthermore, by a proteomic analysis, a unique protein peak 0of3210
Da with the highest expression in sarcoidosis sera was revealed. The
peak was identified as the N-terminal peptide of 29 amino acids of
SAA. Additionally, immunohistochemical staining showed more
intense SAA depositions in lung tissue in sarcoidosis than in other
groups, suggesting SAA to be used in differential diagnosis of
sarcoidosis from other pulmonary diseases. Contrarily, Enyedi
et al. (72) reported no differences in SAA or CRP levels between
patients with biopsy-proven sarcoidosis and biopsy negative
patients. Nevertheless, it must be noticed that the latter group had
histological diagnoses of lymphoma, carcinoma, histiocytosis,
anthracosis, etc, all of which are associated with increased
markers of inflammation.

In light of these findings, the utilization of SAA1 as well as
truncated SAA forms as markers for diagnosis, assessing disease
activity and response to therapy in patients with sarcoidosis
requires additional research.

SAA IN OTHER INFLAMMATORY
RHEUMATIC DISEASES

SAA has been investigated in other rheumatic diseases as well, as
shown in Table 6.

In patients with systemic sclerosis (SSc), SAA levels are
elevated and correlate with disease severity. Brandwein et al.
(73) were first to investigate SAA as a marker of disease activity
in SSc. The group reported elevated SAA concentrations in 98%
of their patients and a significant correlation with disease severity
(determined by extension of skin thickening). Lakota et al. (74)
included patients with limited and diffuse SSc in the study and
found elevated SAA levels in 25% of patients, while Lis Swiety
et al. (75) included only patients with diffuse SSc and detected
increased SAA levels in 66%. The discrepancy between these
results may be explained by inclusion or exclusion of limited SSc
patients and different SAA cut-off values between the studies.
Furthermore, both of these studies found a significant correlation
between SAA levels and deterioration of lung function (assessed
by forced vital capacity, diffusion capacity for carbon monoxide
or reticulation pattern on chest CT). According to these studies,
SAA is superior to CRP as a marker of pulmonary involvement
in SSc. Still, longitudinal studies are needed to validate SAA as a
marker of disease activity, predictor of disease progression and
response to therapy in SSc.

The only article reporting on SAA in SLE patients that was
found through comprehensive literature search is the study by
Wang et al. (76). The group revealed a significant correlation
between SAA levels and SLE disease activity (determined by SLE
disease activity score—SLEDAI). Although SAA was significantly
correlated with serum levels of hs-CRP (high sensitivity CRP)
and ESR, a binary logistic regression analysis showed that SAA
values are independently associated with active SLE. Since this
research was retrospective and cross-sectional, a prospective,
longitudinal, large cohort study is necessary to confirm the
clinical utility of SAA for monitoring SLE patients.

Boyd et al. (77) reported that among 15 biomarkers
(including CRP), SAA levels were most significantly correlated
with disease activity in patients with psoriatic arthritis (PsA).
However, the study was cross sectional in a small cohort (45
patients) and included patients receiving different therapies
(including conventional and biological DMARDs). Moreover,
disease activity assessment did not include ankle and feet
involvement that are frequently seen in PsA. Future studies
should therefore validate the utility of SAA in monitoring
PsA patients.

SAA IN SYSTEMIC AUTOINFLAMMATORY
DISEASES

Amongst the systemic autoinflammatory diseases (SAID),
the clinical utility of SAA has been most extensively
investigated in patients with FMF. SAA levels are elevated in
FMEF patients not only during attacks, but also in the attack-free
period revealing a sustained subclinical inflammation.
Furthermore, asymptomatic MEFV mutation carriers also
have an increased SAA concentration potentially leading to
the development of amyloidosis.

Duzova et al. (78) found SAA levels above the reference range
in more than 95% of the FMF children in between the attacks,
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even though 50% of them had not experienced attacks within the
last 12 months. SAA was shown to be the best biomarker of
subclinical inflammation in FMF (compared to CRP, ESR,
ferritin and fibrinogen). An increase in the colchicine dose
resulted in a dramatic decrease of SAA concentration
advocating the use of SAA for therapy guidance. Lachmann
etal. (79) reported significantly elevated SAA levels (>3 mg/L) in
MEFV mutation carriers and in the attack-free period in more
than 70% of their patients, even though all patients were under
colchicine therapy. Moreover, a remarkable degree of acute-
phase activity (measured monthly by SAA and CRP levels) led
the authors to question about the participants compliance. This
suspicion was eventually confirmed in a considerable number of
the patients. Therefore, they suggested to measure frequently
SAA in patients with FMF for reinforcing their therapy
compliance. Berkun et al. (80) confirmed elevated SAA levels
in the attack-free period and in MEFV mutation carriers.
However, in this report SAA was increased (>6 mg/L) in only
25% of FMF patients between attacks compared to 70% reported
by Lachmann et al. (79). The discrepancy between the results
may be due to the different definition of elevated SAA levels as
well as the difference in therapy doses and perhaps compliance to
colchicine therapy. In 30% of patients SAA measurement led to a
change in colchicine dose and, consequently, SAA level
normalization. Another interesting finding was significantly
higher SAA in noncompliant patients than in nonresponders
to therapy, therefore supporting suggestion of Lachmann et al.
for frequent SAA measuring for distinguishing these two groups
and reinforcing compliance.

Yalcinkaya et al. (81) validated SAA level above reference
range in FMF patients during the attack and the attack-free
period in the same patients. Similarly, increased SAA levels were
observed in clinically healthy FMF heterozygotes. In patients that
suffered from chronic inflammatory diseases or chronic
infections with a high potential for developing secondary
amyloidosis, SAA concentrations were not higher than in those
with acute infections with an almost zero chance for developing
amyloidosis, implying SAA has no predictive value for amyloid
formation. Another important observation was lack of significant
difference between SAA levels in children with FMF exacerbation
and those with acute infections, although in both groups SAA
was significantly increased. Nevertheless, it must be noticed that
all FMF patients were receiving colchicine at the time of the
study, which is known for reducing SAA levels. Kallinich et al.
(82) validated elevated SAA levels in FMF patients at diagnosis,
during attacks, in between the attacks and in MEFV mutation
carriers. Lofty et al. (83) found increased SAA (>30 mg/L) in 79%
of FMF patients two weeks after the last attack. Only 31% had
elevated CRP concentration, indicating that SAA can persist
elevated after FMF attacks more than CRP. More recently, Cakan
et al. (84) reported that SAA is significantly higher in children
with acute FMF attacks than in children with acute febrile
respiratory infection and therefore can be used for
differentiating those two clinical entities. Again, of note is that
all FMF patients were treated with colchicine. At the cut-off value
of 111.5 mg/L, the SAA sensitivity for discriminating FMF attack

from acute infection was 100%, and the specificity was 65.1%.
Since these results are opposite to those of Yalcinkaya et al. (81),
further research with a larger sample size and before introducing
colchicine to therapy are necessary to determine whether SAA
provides additional value compared to CRP in suspected acute
FMF attacks.

Since SAA is considered to be involved in the pathogenesis of
atherosclerosis, some of the research investigated a potential
value of SAA for predicting atherosclerosis in patients with FMF.
Bilinger et al. (85) and Mohamed et al. (86) found a significant
correlation between SAA levels and intima media thickness of
the common carotid artery (CIMT)—an early marker of
atherosclerosis. The patients studied were receiving NSAIDS
and colchicine, so SAA levels were suppressed, but still higher
than normal. Possibly an even stronger correlation would have
been found if the patients were untreated. Sargsyan (87) found
SAA significantly higher in FMF patients with any kind of
vascular involvement than in those without. The role of SAA
in atherosclerosis needs to be further explored, on both
molecular and clinical level.

Taken all together, measurement of SAA in FMF patients
should be used in evaluating disease activity, risk of amyloidosis
and atherosclerosis, as well as response to therapy. Moreover,
determination of SAA level may serve as a screening test for
asymptomatic family members to determine the need for
genotyping. However, further studies are required to determine
the clinical benefits of SAA normalization by increasing
colchicine dose in the asymptomatic patients. Furthermore, the
target SAA level for colchicine dose modification should be
defined as well as the needed frequency and time of
longitudinal monitoring of SAA levels in the asymptomatic
FMF individuals before making adjustments.

Except in FMF, benefits of SAA level monitoring have been
explored in other SAIDs. In Behget's disease (BD), a
multifactorial SAID, SAA might not be useful for assessing
disease activity, but is positively correlated with major organ
involvement and can be used for identifying patients at higher
risk of life-threatening complications. Aygunduz et al. (88)
reported SAA as a more sensitive and specific marker for BD
than CRP, advocating the use of SAA as diagnostic marker and
indicator of subclinical inflammation in BD. Contrarily,
Cantarini et al. (89) and Vitale et al. (90) reported no
significant difference of SAA levels between patients with active
and inactive BD (assessed by Behcets disease current activity
form—BDCAF), but they found SAA levels associated with skin
involvement. Vitale et al. (90) suggested SAA as an indicator of
oral aphthosis, neurological and ocular involvement in BD
because of the strong correlation between these factors (SAA
serum levels higher than 30, 50, and 150 mg/L, respectively).
Interestingly, SAA was found to be significantly correlated with
homocysteine serum levels (indicator of vascular involvement).
This possible use of SAA for indicating vascular involvement
and predicting thrombotic risk in BD patients should be of
interest for future studies. Recently, Sota et al. (91) confirmed
no association between SAA levels and BD activity (BDCAF)
but found a significant association between SAA levels above
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200 mg /L and a major organ involvement as well as between
SAA levels above 150 mg/L and ocular, skin or mucosal
manifestations. They suggested SAA as a predictor of major
organ involvement and ocular disease relapse in BD. Lee et al.
(92) validated a non-significant correlation between SAA and
disease activity in BD patients by proteomic analysis. However,
this study included BD patients with only intestinal involvement,
so future studies should explore biomarkers of BD patients with
multisystemic involvement by a proteomic approach. All of the
abovementioned studies included a small number of patients, so
large cohort studies are needed to confirm these potential
advantages of monitoring SAA in patients with BD.

Monitoring SAA levels has also been incorporated in
evaluating patients with Muckle-Wells syndrome (MWS).
Hawkins et al. (93) and Scarpioni et al. (94) reported that SAA
serum levels and clinical symptoms are concomitantly
significantly increased after introducing biologic therapy in
MWS patients (anakinra and canakinumab, respectively).
Hoffman and co-workers (95) used SAA together with hs-CRP
as serum biomarkers of efficacy of rilonacept in CAPS patients, as
well as previously reported study by Goldbach-Mansky et al.
(96). The latter study found that the change in SAA level as a
response to rilonacept therapy is better correlated with
improvement in clinical symptoms than CRP or ESR levels. In
cases of reoccurrence of disease flare, SAA levels significantly
increased despite the rilonacept treatment. Wiken and co-
workers (97) confirmed utility of SAA as a marker of response
to anakinra in MWS and neonatal onset multisystem
inflammatory disease (NOMID) patients, as well as a high
incidence of anti-drug antibodies development, but with no
influence on efficacy of anakinra or SAA levels. These findings
highlight the potential utility of SAA in assessing response to
biologic therapy in MWS and NOMID patients. The articles
discussed in this section are summarized in Table 7.

SAA IN SECONDARY (AA) AMYLOIDOSIS

The association between SAA and secondary (AA) amyloidosis
was one of the first investigated roles of SAA, with many new
studies still emerging (Table 8). Amyloidosis is a single- or
multiorgan disease characterized by extracellular tissue
deposition of low-molecular weight, insoluble and amorphous
proteinaceous material, causing progressive organ dysfunction.
Rheumatic and autoinflammatory diseases are associated with a
high rate of secondary (AA) amyloidosis. As already mentioned,
SAA gene polymorphisms have an influence on developing
amyloidosis. The strong correlation between amyloid
deposition and SAAly allele in Japanese RA patients was
confirmed by Ishii et al. (99). Furthermore, the group reported
significantly higher SAA levels in RA patients with amyloidosis
than in those without. SAA showed a stronger correlation with
the presence of amyloid deposits than CRP. However, according
to the most of published reports, SAA serum levels are not
correlated with the presence of amyloid deposits (43, 44, 100,
101). Therefore, contrary to expectations, high SAA levels are a

prerequisite, but not a sufficient condition for developing
amyloidosis and cannot be used as a diagnostic marker for
amyloidosis. It is possible that increased proteolytic cleavage of
SAA contributes to the development of amyloidosis. Indeed,
Migita et al. (100) detected, in addition to the full-length SAA
protein, 6 KDA and 4.5 kDa SAA-derived fragments in the sera of
RA patients. The ratio of these fragments to total SAA was
significantly higher in patients with than in those without
amyloidosis, confirming the increased proteolysis hypothesis.
The potential use of these truncated SAA forms as diagnostic
markers for amyloidosis should be further investigated.

Subsequent studies in amyloidosis patients revealed some
clinically important properties of SAA. Although SAA may not
be a diagnostic or predictive marker of amyoidosis, once
amyloidosis has developed, the SAA levels over the course of
the disease represent the main factor affecting amyloidosis
progression and survival. The kidney is one of the most
frequent sites of amyloid deposition and, without treatment,
amyloidosis-associated kidney disease usually progresses to end-
stage renal disease (ESRD). Prognosis of renal amyloidosis
significantly correlates with the SAA concentration. Falck et al.
(6) and Lachmann et al. (102) reported a strong correlation
between the mean SAA value and changes in renal function in
patients with renal amyloidosis, suggesting SAA for predicting
renal deterioration. Reportedly, renal improvement is expected
when SAA median is less than 6 mg/ml and deterioration when
SAA median is above 28 mg/L.

Furthermore, SAA levels are significantly connected to
changes in amyloid load and long-term survival in
amyloidosis. In a study by Gilmore et al. (103), SAA values
were significantly higher among patients with further amyloid
accumulation than in those with stable amyloid load in whom
SAA levels were still higher than in patients with deposit
regression. According to a large cohort prospective study of
amyloidosis by Lachmann et al. (102), patients with SAA
concentrations in the low-normal range (<4 mg/L) have
relatively favorable outcome, while persistent elevation of SAA
is a powerful risk factor for progression to ESRD and death. The
risk of death is 17.7 times higher among patients with uppermost
SAA concentrations (>155 mg/L) than in those with SAA
concentrations below 4 mg/L. Even in the patients with slightly
elevated SAA concentrations during follow-up (4-9 mg/L), the
risk of death is 4 times increased. Interestingly, decrease in
median SAA level below 10 mg/L is associated with the
regression of amyloid deposits. Therefore, therapy that
decreases SAA production to within the reference range
prevents further accumulation of amyloid deposits and can
stabilize or even reverse existing amyloid deposits leading to a
better long-term survival. Based on these findings, frequent SAA
measurements in patients with secondary amyloidosis should be
used for therapy guidance. However, median SAA concentration
and status of amyloid deposits varied substantially between
individuals in these studies, possibly due to the differences in
underlying diseases and anti-inflammatory treatment or
comorbidities (obesity, diabetes, hypertension, tobacco
consumption) that may influence SAA levels.
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Finally, SAA can be used in monitoring response to biologic
therapy in rheumatic patients with AA amyloidosis. A number of
recent studies have verified that therapeutic strategies involving IL-
6 inhibitors and TNFa inhibitors result in a decrease of serum SAA
level and consequently represent an excellent therapeutic strategy
for AA amyloidosis. Perry et al. (104) and Nakamura et al. (105)
verified concomitant decrease in SAA concentration, disease
activity and proteinuria in RA patients with AA amyloidosis
receiving etanercept (anti-TNFa antibody). Miyagawa et al. (106)
and Lane et al. (107) studied the efficacy of tocilizumab (TCZ, anti-
IL-6 receptor antibody) in patients with AA amyloidosis. In all
patients, SAA levels significantly decreased together with a
remarkable decrease in proteinuria, regression of amyloid
deposits and significant improvement in clinical symptoms.
Okuda et al. (108) compared the effects of anti-TNFo. (etanercept,
infliximab and adalimumab) and anti-IL-6 (TCZ) therapy against
AA amyloidosis by measuring SAA levels. Along with a more
imposing improvement in eGFR and amyloid regression, SAA
concentration decreased more significantly in the anti-IL-6 group
than anti-TNFo group. Taken all together, SAA seems to be a
reliable marker of response to biologic therapy in rheumatic
patients with secondary amyloidosis.

SAA IN COVID-19

Since we are currently experiencing a pandemic of COVID-19, we
summarized 6 articles reporting on SAA as a biomarker in patients
with COVID-19 found in our research through PubMed and
Scopus databases (Table 9). All of the articles were published
in 2020.

In critically ill COVID-19 patients a cytokine storm with highly
elevated IL-6 has been described (193). Since SAA is correlated with
IL-6 and involved in the pathogenesis of the risk conditions for
severe COVID-19 (obesity, diabetes and atherogenesis), it might
also play a role in the pathogenesis of COVID-19 and therefore
present a potential biomarker and therapeutic target.

SAA is increased in all COVID-19 patients with the mean
SAA value 4 times higher in critically ill than in mild-ill patients
(109). Moreover, Shi et al. (110) reported SAA levels were
increased whereas CRP levels were normal in more than 20%
of patients. While in patients with both SAA and CRP within the
reference range no severe pneumonia occurred, in some of the
patients with normal CRP but elevated SAA severe pneumonia
was found, suggesting higher sensitivity of SAA for assessing
COVID-19 severity. Wang and co-workers (111) validated more
significant correlation between disease severity and SAA level
than CRP or ESR. In addition, they found SAA value above 100
mg/L as an indicator of disease progress to the critical stage.
Huan Li et al. (112) reported SAA and SAA to lymphocyte count
ratio as sensitive indicators of COVID-19 severity and prognosis
(more sensitive than CRP or PCT). The initial SAA level was
correlated with future dynamic changes of CT scans meaning
that patients with higher initial SAA levels are more likely to have
worsening of CT scans. Interestingly, initial SAA was found to
have a higher predictive value for disease progression than the

initial CT scan. A retrospective study of COVID-19 death cases
revealed that, among included serum biomarkers, only SAA was
significantly elevated in all of the patients with fatal outcome
(113). Mo et al. (114) showed by logistic regression analysis that
SAA, but not CRP, can serve as an independent predictive factor
of COVID-19 course. At the cut-off value of 122.9 mg/L, SAA
can predict acute exacerbation with an accuracy of 89.1%.

To conclude, SAA might give additional information about
COVID-19 severity and prognosis to more commonly used
biomarkers. Therefore, SAA measurement should be included
in managing COVID-19 patients. At the present moment, to our
knowledge, there are no published data on SAA as a biomarker of
COVID-19 severity in patients with IRD, so future studies should
explore the clinical relevance of SAA as a biomarker in the new
era of coexistence of IRD patients and SARS-CoV-2.

LIMITATIONS OF SAA AS A
BIOMARKER OF INFLAMMATORY
RHEUMATIC DISEASES

Despite many discussed advantages provided by the use of SAA
as a biomarker in various rheumatic and autoinflammatory
diseases, as with many other biomarkers, there are several
limitations arising mostly from the different protein isoforms,
genotype and measurement methods.

Firstly, most of the studies that investigated the role of SAA in
disease pathogenesis used recombinant human SAA (thSAA) that
differs from the native SAA1 and SAA?2 isoforms by 2 amino acids,
resulting in a hybrid of SAA1 and SAA2. Some researchers reported
differences between rhSA A and endogenous SAA proinflammatory
functions (194, 195), thus further experiments should use isolated
endogenous SAA from synovial fluid or explants models to identify
the effects of SAA in the in vivo environment.

Although SAA has been described as the most suitable
inflammatory marker for certain rheumatic diseases more than
five decades ago, it is still not used as a common biomarker of
disease activity in clinical practice. CRP has been widely used as a
routine clinical test, while SAA is less popular mostly due to
technical difficulties in large scale purification of SAA, stable
production of antibodies with high titer, development of an assay
system, and standardization of the assay. Various assay methods
for SAA quantification have been used. Radioimmunoassay (RIA),
radial immunodiffusion and enzyme-linked immunosorbent assay
(ELISA) are highly sensitive (detection limit 0.2 pug/L) but time-
consuming and therefore inconvenient for clinical use. On the
other hand, immunonephelometric and immunoturbidimetric
assay are rapid and fully automatic, but have relatively low
sensitivity (detection limit >3mg/L). In addition, the
commercially available kits for SAA are based on polyclonal
antibodies which lack isotype specificity.

Furthermore, SAA genotype may also influence baseline SAA
levels (99, 196-198), indicating the need for an individual
approach when using SAA plasma levels for assessing disease
activity. Unsurprisingly, there are significant variations in the
absolute values of SAA among research groups. Even
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physiological SAA concentrations vary substantially among
studies (0.1-10 mg/L) what might have led to critical errors
because in some cases even 100-fold increase could not be
detected. Additionally, comorbidities such as epilepsy, diabetes
and other chronic inflammatory diseases, as well as drugs such as
statins and dietary supplements including vitamins A and E and
polyunsaturated fatty acids can influence SAA plasma levels
along with alcohol use, smoking and obesity (199-203). Obese
but otherwise healthy patients have elevated SAA plasma levels
and diet-induced weight loss is associated with significant
decrease in plasma SAA level. This effect is proportional to the
amount of weight lost but independent of dietary macronutrient
composition (199). Ethanol induces the SAA production in a
dose-dependent manner (202). Tobacco smoking significantly
increases serum SAA level and the increase is correlated to the
degree of smoking (203). Therefore, all of these variables should
be taken in consideration when analysing research results.

As a consequence of these limitations, reliable testing and
laboratories that measure SAA levels are not widely available,
and data about levels expected in diseases are limited. In time, the
availability of assay methods and their wider use should
corroborate variables that have a significant impact on SAA
levels and provide a clearer picture when interpreting results.

CONCLUSION

Although SAA was sporadically used as a biomarker in many
chronic diseases for the past five decades, the use of other
inflammatory biomarkers, such as CRP and ESR, has

overwhelmed its use in clinical practice. Advantages of these
commonly used biomarkers for being cost-effective and easily
applicable are also associated with limitations of sensitivity and
specificity especially in settings of low-activity rheumatic
disorders. In the era of biological therapy, the need for a new
biomarker for predicting disease activity and monitoring
remission and relapse for various rheumatic diseases has been
emphasized. With the discovery of new disease mechanisms and
development of proteomic techniques as the most effective
methods for identifying molecular markers of disease activity
and treatment response, SAA started to regain its importance. In
such circumstances, we aimed to collect and summarize all the
relevant articles on the clinical utility of SAA in a number of
rheumatic and systemic autoinflammatory diseases.

Although articles included in this review are very
heterogeneous in design, subjects, parameters measured and
results, the general conclusion is that SAA plays an important
role in the pathogenesis and clinical course of rheumatic diseases.
SAA is involved in many processes important for initiation,
perpetuation and resolution of chronic inflammation in IRD.
Furthermore, SAA is a sensitive biomarker of disease activity and
indicator of the disease prognosis and therapeutic response in a
wide range of immune mediated IRD (Table 10). In plenty of
studies SAA has been demonstrated to provide more information
and higher sensitivity than CRP, especially in a state of
subclinical inflammation, as well as in patients receiving
glucocorticoids or conventional or biologic immunosuppressive
therapy. According to the results of proteomic analyses, specific
SAA forms have even higher sensitivity and specificity for certain
diseases than the total serum SAA value.

TABLE 10 | Summary of possible uses of SAA concentration monitoring in different chronic inflammatory diseases and relevant studies.

Disease Possible uses of SAA concentration follow-up Relevant studies,
reference number

Rheumatoid Diagnostic marker;Biomarker of disease activity;Indicator of subclinical inflammation;Predictor of clinical outcome;Indicator of (9-42)

arthritis therapeutic response;Indicator of risk for amyloidosis;Indicator of cardiovascular risk;

Juvenile idiopathic Biomarker of disease activity,Indicator of subclinical inflammation;Indicator of risk of developing amyloidosis;Indicator of (43-48)

arthritis therapeutic response;Predictor of response to therapy;

Ankylosing Biomarker of disease activity:Indicator of subclinical inflammation;indicator of therapeutic response;Predictor of response to (49-55)

spondylitis therapy;

Takayasu's Biomarker of disease activity;Indicator of subclinical inflammation; Indicator of therapeutic response; (56, 57)

arteritis

Giant cell arteritis ~ Biomarker of disease activity;Predictor of response to therapy; (190-61)

Kawasaki disease Indicator of persistence of coronary artery lesions; 62, 63)

IgA vasculitis Diagnostic marker; (64, 65)

Sarcoidosis Diagnostic marker;Biomarker of disease activity;Predictor of future prolonged steroid requirement; (191-72)

Systemic Indicator of pulmonary involvement; (73-75)

sclerosis

Systemic lupus Biomarker of disease activity;Indicator of cardiovascular risk; (76, 178)

erythematosus

Psoriatic arthritis ~ Biomarker of disease activity; (77)

Familial Biomarker of disease activity;Indicator of subclinical inflammation;Indicator of need for genetic testing;Indicator of risk for (78-86)

Mediterranean amyloidosis;Indicator of therapeutic response;Guide for therapy adjustment;

Fever

Behcet's disease  Predictor of major organ involvement:;Indicator of high risk for life- and sight-threatening complications; (87-92)

Mucle-Wells Biomarker of disease activity;Indicator of therapeutic response; (93-97)

syndrome

Amyloidosis Indicator of renal function improvement/deterioration;Prognostic biomarker;Marker of therapeutic response; (99-107)
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In conclusion, we strongly advocate the use of SAA as a cheap
and reliable biomarker for use in everyday clinical practice of a
wide range of physicians dealing with rheumatic and other
immune mediated inflammatory diseases in both children and
adults, and propose exploration of clinical utility of specific SAA
isoforms in future studies.

REFERENCES

1.

IS8

w

ul

[=2)

~

fosd

Nel

10.

11.

12.

13.

14.

15.

16.

Maury C. Comparative-study of serum amyloid-A protein and C-reactive
protein in disease. Clin Sci (1985) 68:233-8. doi: 10.1042/cs0680233

. Chambers R, Hutton C, Dieppe P, Whicher J. Comparative-study of

C-reactive protein and serum amyloid-A protein in experimental
inflammation. Ann Rheum Dis (1991) 50:677-9. doi: 10.1136/ard.50.10.677

. Goldberger G, Bing DH, Sipe JD, Rits M, Colten HR. Transcriptional

regulation of genes encoding the acute-phase proteins CRP, SAA, and C3.
J Immunol (1987) 138(11):3967-71.

. Takata S, Wada H, Tamura M, Koide T, Higaki M, Mikura SI, et al. Kinetics

of C-reactive protein (CRP) and serum amyloid A protein (SAA) in patients
with community-acquired pneumonia (CAP), as presented with biologic
half-life times. Biomarkers (2011) 16(6):530-5. doi: 10.3109/13547
50X.2011.607189

. Benson MD, Cohen AS. Serum amyloid A protein in amyloidosis,

rheumatic, and neoplastic diseases. Arthritis Rheumatol (1979) 22(1):36—
42. doi: 10.1002/art.1780220106

. Falck HM, Maury CPJ, Teppo AM, Wegelius O. Correlation of persistently

high serum amyloid A protein and C-reactive protein concentrations with
rapid progression of secondary amyloidosis. Br Med ] (1983) 286
(6375):1391-3. doi: 10.1136/bmj.286.6375.1391

. Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P, et al.

Low grade inflammation and coronary heart disease: Prospective study and
updated meta-analyses. Br Med ] (2000) 321:199-204. doi: 10.1136/
bm;j.321.7255.199

. Gasparyan AY, Ayvazyan L, Blackmore H, Kitas GD. Writing a narrative

biomedical review: considerations for authors, peer reviewers, and editors.
Rheumatol Int (2011) 31(11):1409-17. doi: 10.1007/s00296-011-1999-3

. De Beer FC, Mallya RK, Fagan EA, Lanham ]G, Hughes GR, Pepys MB.

Serum amyloid-A protein concentration in inflammatory diseases and its
relationship to the incidence of reactive systemic amyloidosis. Lancet (1982)
2(8292):231-4. doi: 10.1016/s0140-6736(82)90321-x

Maury CPJ, Teppo AM, Wegelius O. Relationship between urinary sialylated
saccharides, serum amyloid A protein and C-reactive protein in rheumatoid
arthritis and systemic lupus erythematosus. Ann Rheum Dis (1982) 41
(3):268-71. doi: 10.1136/ard.41.3.268

Shen C, Sun XG, Liu N, Mu Y, Hong CC, Wei W, et al. Increased serum
amyloid A and its association with autoantibodies, acute phase reactants and
disease activity in patients with rheumatoid arthritis. Mol Med Rep (2014)
11:1528-34. doi: 10.3892/mmr.2014.2804

Kumon Y, Suehiro T, Hashimoto K, Nakatani K, Sipe JD. Local expression of
acute phase serum amyloid A mRNA in rheumatoid arthritis synovial tissue
and cells. ] Rheumatol (1999) 26:785-90.

Targonska-Stepniak B, Majdan M. Serum amyloid A as a marker of
persistent inflammation and an indicator of cardiovascular and renal
involvement in patients with rheumatoid arthritis. Mediators Inflamm
(2014) 2014:793628. doi: 10.1155/2014/793628

Chambers RE, MacFarlane DG, Whicher JT, Dieppe PA. Serum amyloid-A
protein concentration in rheumatoid arthritis and its role in monitoring
disease activity. Ann Rheum Dis (1983) 42(6):665-7. doi: 10.1136/
ard.42.6.665

Cunnane G, Grehan S, Geoghegan S, McCormack C, Shields D, Whitehead
AS, et al. Serum amyloid A in the assessment of early inflammatory arthritis.
] Rheumatol (2000) 27(1):58-63.

Yoo J, Lee SK, Lim M, Sheen D, Choi EH, Kim SA. Exosomal amyloid A and
lymphatic vessel endothelial hyaluronic acid receptor-1 proteins are
associated with disease activity in rheumatoid arthritis. Arthritis Res Ther
(2017) 19:119. doi: 10.1186/s13075-017-1334-9

AUTHOR CONTRIBUTIONS

All authors discussed the contents. IS and LL wrote and edited
this manuscript. LL supervised and oversaw the manuscript.

All

authors contributed to the article and approved the

submitted version.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Ostensen M, Marhaug G, Husby G. Amyloid-related serum protein (SAA)
during and after pregnancy in healthy women and women with rheumatic
disease. APMIS Immunol (1985) 93(1):1-5. doi: 10.1111/j.1699-0463.
1985.tb02913.x

Hwang YG, Balasubramani GK, Metes ID, Levesque MC, Bridges SLJr,
Moreland LW. Differential response of serum amyloid A to different
therapies in early rheumatoid arthritis and its potential value as a disease
activity biomarker. Arthritis Res (2016) 18:108. doi: 10.1186/s13075-016-
1009-y

Wild N, Karl J, Grunert VP, Schmitt RI, Garczarek U, Krause F, et al.
Diagnosis of rheumatoid arthritis: multivariate analysis of biomarkers.
Biomarkers (2008) 13(1):88-105. doi: 10.1080/13547500701669410

De Seny D, Cobraiville G, Charlier E, Neuville S, Esser N, Malaise D, et al.
Acute-phase serum amyloid a in osteoarthritis: regulatory mechanism and
proinflammatory properties. PloS One (2013) 8(6):e66769. doi: 10.1371/
journal.pone.0066769

Ally MM, Hodkinson B, Meyer PW, Musenge E, Tikly M, Anderson R.
Serum matrix metalloproteinase-3 in comparison with acute phase proteins
as a marker of disease activity and radiographic damage in early rheumatoid
arthritis. Mediators Inflamm (2013) 2013:183653. doi: 10.1155/2013/183653
Targonska-Stepniak B, Dryglewska M, Majdan M. Influence of long-term
leflunomide treatment on serum amyloid concentration in rheumatoid
arthritis patients. Pharmacol Rep (2010) 62(4):719-25. doi: 10.1016/s1734-
1140(10)70329-7

Connolly M, Mullan RH, McCormick J, Matthews C, Sullivan O, Kennedy A,
et al. Acute-phase serum amyloid A regulates tumor necrosis factor alpha
and matrix turnover and predicts disease progression in patients with
inflammatory arthritis before and after biologic therapy. Arthritis
Rheumatol (2012) 64(4):1035-45. doi: 10.1002/art.33455

Centola M, Cavet G, Shen Y, Ramanujan S, Knowlton N, Swan KA, et al.
Development of a multi-biomarker disease activity test for rheumatoid
arthritis. PloS One (2013) 8:e60635. doi: 10.1371/journal.pone.0060635

Ma MHY, Defranoux N, Li W, Sasso EH, Ibrahim F, Scott DL, et al. A multi-
biomarker disease activity score can predict sustained remission in
rheumatoid arthritis. Arthritis Res Ther (2020) 22(1):158. doi: 10.1186/
513075-020-02240-w

Wong M, Toh L, Wilson A, Rowley K, Karschimkus C, Prior D, et al
Reduced arterial elasticity in rheumatoid arthritis and the relationship to
vascular disease risk factors and inflammation. Arthritis Rheumatol (2003)
48(1):81-9. doi: 10.1002/art.10748

Rho YH, Chung CP, Oeser A, Solus ], Asanuma Y, Sokka T, et al.
Inflammatory mediators and premature coronary atherosclerosis in
rheumatoid arthritis. Arthritis Rheumatol (2009) 61(11):1580-5.
doi: 10.1002/art.25009

Kullich WC, Mur E, Aglas F, Niksic F, Czerwenka C. Inhibitory effects of
leflunomide therapy on the activity of matrixmetalloproteinase-9 and the
release of cartilage oligomeric matrix protein in patients with rheumatoid
arthritis. Clin Exp Rheumatol (2006) 24(2):155-60.

Momohara S, Okamoto H, Yamanaka H. Chondrocyte of rheumatoid
arthritis serve as a source of intra-articular acute-phase serum amyloid A
protein. Clin Chim Acta (2008) 398(1-2):155-6. doi: 10.1016/j.cca.
2008.07.034

Boeters DM, Burgers LE, Sasso EH, Huizinga TW], van der Helm-van Mil
AHM. ACPA-negative RA consists of subgroups: patients with high
likelihood of achieving sustained DMARD-free remission can be identified
by serological markers at disease presentation. Arthritis Res Ther (2019) 21
(1):121. doi: 10.1186/s13075-019-1902-2

. Migita K, Izumi Y, Jiuchi Y, Kozuru H, Kawahara C, Izumi M, et al. Effects of

Janus kinase inhibitor tofacitinib on circulating serum amyloid A and

Frontiers in Immunology | www.frontiersin.org

22

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1042/cs0680233
https://doi.org/10.1136/ard.50.10.677
https://doi.org/10.3109/1354750X.2011.607189
https://doi.org/10.3109/1354750X.2011.607189
https://doi.org/10.1002/art.1780220106
https://doi.org/10.1136/bmj.286.6375.1391
https://doi.org/10.1136/bmj.321.7255.199
https://doi.org/10.1136/bmj.321.7255.199
https://doi.org/10.1007/s00296-011-1999-3
https://doi.org/10.1016/s0140-6736(82)90321-x
https://doi.org/10.1136/ard.41.3.268
https://doi.org/10.3892/mmr.2014.2804
https://doi.org/10.1155/2014/793628
https://doi.org/10.1136/ard.42.6.665
https://doi.org/10.1136/ard.42.6.665
https://doi.org/10.1186/s13075-017-1334-9
https://doi.org/10.1111/j.1699-0463.1985.tb02913.x
https://doi.org/10.1111/j.1699-0463.1985.tb02913.x
https://doi.org/10.1186/s13075-016-1009-y
https://doi.org/10.1186/s13075-016-1009-y
https://doi.org/10.1080/13547500701669410
https://doi.org/10.1371/journal.pone.0066769
https://doi.org/10.1371/journal.pone.0066769
https://doi.org/10.1155/2013/183653
https://doi.org/10.1016/s1734-1140(10)70329-7
https://doi.org/10.1016/s1734-1140(10)70329-7
https://doi.org/10.1002/art.33455
https://doi.org/10.1371/journal.pone.0060635
https://doi.org/10.1186/s13075-020-02240-w
https://doi.org/10.1186/s13075-020-02240-w
https://doi.org/10.1002/art.10748
https://doi.org/10.1002/art.25009
https://doi.org/10.1016/j.cca.2008.07.034
https://doi.org/10.1016/j.cca.2008.07.034
https://doi.org/10.1186/s13075-019-1902-2
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sori¢ Hosman et al.

SAA in Inflammatory Rheumatic Diseases

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

interleukin-6 during treatment for rheumatoid arthritis. Clin Exp Immunol
(2014) 175(2):208-14. doi: 10.1111/cei. 12234

Visvanathan S, Wagner C, Rojas ], Kay J, Dasgupta B, Matteson EL, et al.
E-selectin, interleukin 18, serum amyloid A, and matrix metalloproteinase 9
are associated with clinical response to golimumab plus methotrexate in
patients with active rheumatoid arthritis despite methotrexate therapy.
J Rheumatol (2009) 36(7):1371-9. doi: 10.3899/jrheum.080755

Doyle MK, Rahman MU, Frederick B, Birbara CA, de Vries D, Toedter G,
et al. Effects of subcutaneous and intravenous golimumab on inflammatory
biomarkers in patients with rheumatoid arthritis: results of a phase 1,
randomized, open-label trial. Rheumatol (Oxford) (2013) 52(7):1214-9.
doi: 10.1093/rheumatology/kes381

Kobayashi T, Yokoyama T, Ito S, Kobayashi D, Yamagata A, Okada M, et al.
Periodontal and serum protein profiles in patients with rheumatoid arthritis
treated with tumor necrosis factor inhibitor adalimumab. ] Periodontol
(2014) 85(11):1480-8. doi: 10.1902/jop.2014.140194

Hammer HB, Fagerhol MK, Wien TN, Kvien TK. The soluble biomarker
calprotectin (an S100 protein) is associated to ultrasonographic synovitis
scores and is sensitive to change in patients with rheumatoid arthritis treated
with adalimumab. Arthritis Res Ther (2011) 13(5):R178. doi: 10.1186/ar3503
Gabay C, Burmester GR, Strand V, Msihid J, Zilberstein M, Kimura T, et al.
Sarilumab and adalimumab differential effects on bone remodelling and
cardiovascular risk biomarkers, and predictions of treatment outcomes.
Arthritis Res Ther (2020) 22(1):70. doi: 10.1186/s13075-020-02163-6
Nissinen R, Leirisalo-Repo M, Peltomaa R, Palosuo T, Vaarala O. Cytokine
and chemokine receptor profile of peripheral blood mononuclear cells
during treatment with infliximab in patients with active rheumatoid
arthritis. Ann Rheum Dis (2004) 63(6):681-7. doi: 10.1136/ard.2003.008599
Xu Y, Yamada T, Satoh T, Okuda Y. Measurement of serum amyloid Al
(SAA1), a major isotype of acute phase SAA. Clin Chem Lab Med (2006) 44
(1):59-63. doi: 10.1515/CCLM.2006.012

De Seny D, Fillet M, Ribbens C, Marée R, Meuwis MA, Lutteri L. Monomeric
calgranulins measured by SELDI-TOF mass spectrometry and calprotectin
measured by ELISA as biomarkers in arthritis. Clin Chem (2008) 54
(6):1066-75. doi: 10.1373/clinchem.2007.099549

Li TW, Zheng BR, Huang ZX, Lin Q, Zhao LK, Liao ZT, et al. Screening
disease-associated proteins from sera of patients with rheumatoid arthritis: a
comparative proteomic study. Chin Med ] (Engl) (2010) 123(5):537-43.
Seok A, Lee HJ, Lee S, Lee J, Mun S, Park A, et al. Identification and
Validation of SAA4 as a Rheumatoid Arthritis Prescreening Marker by
Liquid Chromatography Tandem-mass Spectrometry. Molecules (2017) 22
(5):805. doi: 10.3390/molecules22050805

Nys G, Cobraiville G, Servais AC, Malaise MG, de Seny D, Fillet M. Targeted
proteomics reveals serum amyloid A variants and alarmins SI00A8-S100A9
as key plasma biomarkers of rheumatoid arthritis. Talanta (2019) 204:507-
17. doi: 10.1016/j.talanta.2019.06.044

Filipowicz-Sosnowska AM, Roztropowicz-Denisiewicz K, Rosenthal CJ,
Baum J. The amyloidosis of juvenile rheumatoid arthritis—comparative
studies in Polish and American children. I. Levels of serum SAA protein.
Arthritis Rheumatol (1978) 21(6):699-703. doi: 10.1002/art.1780210615
Scheinberg MA, Hubscher O, Morteo OG, Benson MD. Serum amyloid
protein levels in south american children with rheumatoid arthritis: A co-
operative study. Ann Rheum Dis (1980) 39:228-30. doi: 10.1136/ard.39.3.228
Kutulculer N, Karaca NE, Azarsiz E, Aksu G, Gulez N. Immunoglobulin
light chain levels can be used to determine disease stage in children with
juvenile idiopathic arthritis. Clin Lab Sci (2011) 24(2):93-8.

Cantarini L, Giani T, Fioravanti A, Iacoponi F, Simonini G, Pagnini I, et al.
Serum amyloid A circulating levels and disease activity in patients with
juvenile idiopathic arthritis. Yonsei Med ] (2012) 53(5):1045-8. doi: 10.3349/
ymj.2012.53.5.1045

Dev S, Singh A. Study of role of serum amyloid A (SAA) as a marker of
disease activity in juvenile idiopathic arthritis. J Family Med Prim Care
(2019) 8(6):2129-33. doi: 10.4103/jfmpc.jfmpc_339_19

Miyamae T, Malehorn DE, Lemster B, Mori M, Imagawa T, Yokota S, et al.
Serum protein profile in systemic-onset juvenile idiopathic arthritis
differentiates response versus nonresponse to therapy. Arthritis Res Ther
(2005) 7(4):R746-55. doi: 10.1186/ar1723

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Lange U, Boss B, Teichmann J, Klor HU, Neeck G. Serum amyloid A-an
indicator of inflammation in ankylosing spondylitis. Rheumatol Int (2000)
19:119-22. doi: 10.1007/s002960050114

Jung SY, Park MC, Park YB, Lee SK. Serum amyloid A as a useful indicator
of disease activity in patients with ankylosing spondylitis. Yonsei Med ]
(2007) 48:218-24. doi: 10.3349/ym;.2007.48.2.218

De Vries MK, Eijk IC, Horst-Bruinsma IE, Peters MJL, Nurmohamed MT,
Dijkmans BAC. Erythrocyte Sedimentation Rate, C-reactive Protein Level,
and Serum Amyloid a Protein for Patient Selection and Monitoring of Anti-
Tumor Necrosis Factor Treatment in Ankylosing Spondylitis. Arthritis
Rheumatol (2009) 61(11):1484-90. doi: 10.1002/art.24838

Li T, Huang Z, Zheng B, Liao Z, Zhao L, Gu J. Serum disease-associated
proteins of ankylosing spondylitis: results of a preliminary study by
comparative proteomics. Clin Exp Rheumatol (2010) 28(2):201-7.
Rademacher J, Tietz LM, Le L, Hartl A, Hermann KA, Sieper J, et al. Added
value of biomarkers compared with clinical parameters for the prediction of
radiographic spinal progression in axial spondyloarthritis. Rheumatol
(Oxford) (2019) 58(9):1556-64. doi: 10.1093/rheumatology/kez025

Wu J, Wu X, Chen Z, Lv Q, Yang M, Zheng X, et al. Circulating Retinol-
Binding Protein 4 as a Possible Biomarker of Treatment Response for
Ankylosing Spondylitis: An Array-Based Comparative Study. Front
Pharmacol (2020) 11:231. doi: 10.3389/fphar.2020.00231

Liu S, Ji W, Lu J, Tang X, Guo Y, Ji M, et al. Discovery of Potential Serum
Protein Biomarkers in Ankylosing Spondylitis Using Tandem Mass Tag-
Based Quantitative Proteomics. | Proteome Res (2020) 19(2):864-72.
doi: 10.1021/acs.jproteome.9b00676

Ma J, Luo X, Wu Q, Chen Z, Kou L, Wang H. Circulation levels of acute
phase proteins in patients with Takayasu arteritis. J Vasc Surg (2010) 51
(3):700-6. doi: 10.1016/j.jvs.2009.09.038

Nair AM, Goel R, Hindhumati M, Jayakanthan K, Visalakshi J, Joseph G,
et al. Serum amyloid A as a marker of disease activity and treatment response
in Takayasu arteritis. Rheumatol Int (2017) 37(10):1643-9. doi: 10.1007/
$00296-017-3786-2

Hocevar A, Rotar Z, Jese R, Semrl SS, Pizem ], Hawlina M, et al. Do Early
Diagnosis and Glucocorticoid Treatment Decrease the Risk of Permanent
Visual Loss and Early Relapses in Giant Cell Arteritis: A Prospective
Longitudinal Study. Med (Baltimore) (2016) 95(14):€3210. doi: 10.1097/
MD.0000000000003210

Burja B, Feichtinger J, Lakota K, Thallinger GG, Sodin-Semrl S, Kuret T,
et al. Utility of serological biomarkers for giant cell arteritis in a large cohort
of treatment-naive patients. Clin Rheumatol (2019) 38(2):317-29.
doi: 10.1007/s10067-018-4240-x

Dartevel A, Toussaint B, Trocme C, Arnaud M, Simon N, Faure P, et al.
Serum amyloid A as a marker of disease activity in Giant cell arteritis.
Autoimmun Rev (2020) 19(1):102428. doi: 10.1016/j.autrev.2019.102428
Van Sleen Y, Sandovici M, Abdulahad WH, Bijzet J, van der Geest SMK,
Boots AMH, et al. Markers of angiogenesis and macrophage products for
predicting disease course and monitoring vascular inflammation in giant cell
arteritis. Rheumatology (2019) 58(8):1383-92. doi: 10.1093/rheumatology/
kez034

Mitani Y, Sawada H, Hayakawa H, Aoki K, Ohashi H, Matsumura M, et al.
Elevated levels of high-sensitivity C-reactive protein and serum amyloid-A
late after Kawasaki disease: association between inflaimmation and late
coronary sequelae in Kawasaki disease. Circulation (2005) 111(1):38-43.
doi: 10.1161/01.CIR.0000151311.38708.29

Whitin JC, Yu TT, Ling XB, Kanegaye JT, Burns JC, Cohen HJ. A Novel
Truncated Form of Serum Amyloid A in Kawasaki Disease. PloS One (2016)
11(6):¢0157024. doi: 10.1371/journal.pone.0157024

Purevdorj N, Mu Y, Gu Y, Zheng F, Wang R, Yu J, et al. Clinical significance
of the serum biomarker index detection in children with Henoch-Schonlein
purpura. Clin Biochem (2018) 52:167-70. doi: 10.1016/j.clinbiochem.
2017.11.006

Kuret T, Lakota K, Zigon P, Ogri¢ M, Sodin-Semrl S, Cu¢nik S, et al. Insight
into inflammatory cell and cytokine profiles in adult IgA vasculitis. Clin
Rheumatol (2019) 38:331-8. doi: 10.1007/s10067-018-4234-8
Rothkrantz-Kos S, Van Dieijen-Visser MP, Mulder PGH, Drent M. Potential
usefulness of inflammatory markers to monitor respiratory functional

Frontiers in Immunology | www.frontiersin.org

23

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1111/cei.12234
https://doi.org/10.3899/jrheum.080755
https://doi.org/10.1093/rheumatology/kes381
https://doi.org/10.1902/jop.2014.140194
https://doi.org/10.1186/ar3503
https://doi.org/10.1186/s13075-020-02163-6
https://doi.org/10.1136/ard.2003.008599
https://doi.org/10.1515/CCLM.2006.012
https://doi.org/10.1373/clinchem.2007.099549
https://doi.org/10.3390/molecules22050805
https://doi.org/10.1016/j.talanta.2019.06.044
https://doi.org/10.1002/art.1780210615
https://doi.org/10.1136/ard.39.3.228
https://doi.org/10.3349/ymj.2012.53.5.1045
https://doi.org/10.3349/ymj.2012.53.5.1045
https://doi.org/10.4103/jfmpc.jfmpc_339_19
https://doi.org/10.1186/ar1723
https://doi.org/10.1007/s002960050114
https://doi.org/10.3349/ymj.2007.48.2.218
https://doi.org/10.1002/art.24838
https://doi.org/10.1093/rheumatology/kez025
https://doi.org/10.3389/fphar.2020.00231
https://doi.org/10.1021/acs.jproteome.9b00676
https://doi.org/10.1016/j.jvs.2009.09.038
https://doi.org/10.1007/s00296-017-3786-2
https://doi.org/10.1007/s00296-017-3786-2
https://doi.org/10.1097/MD.0000000000003210
https://doi.org/10.1097/MD.0000000000003210
https://doi.org/10.1007/s10067-018-4240-x
https://doi.org/10.1016/j.autrev.2019.102428
https://doi.org/10.1093/rheumatology/kez034
https://doi.org/10.1093/rheumatology/kez034
https://doi.org/10.1161/01.CIR.0000151311.38708.29
https://doi.org/10.1371/journal.pone.0157024
https://doi.org/10.1016/j.clinbiochem.2017.11.006
https://doi.org/10.1016/j.clinbiochem.2017.11.006
https://doi.org/10.1007/s10067-018-4234-8
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sori¢ Hosman et al.

SAA in Inflammatory Rheumatic Diseases

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

impairment in sarcoidosis. Clin Chem (2003) 49(9):1510-17. doi: 10.1373/
49.9.1510

Miyoshi S, Hamada H, Kadowaki T, Hamaguchi N, Ito R, Irifune K, et al.
Comparative evaluation of serum markers in pulmonary sarcoidosis. Chest
(2010) 137(6):1391-7. doi: 10.1378/chest.09-1975

Salazar A, Pinto X, Mana ], Serum amyloid A. and high-density lipoprotein
cholesterol: serum markers of inflammation in sarcoidosis and other
systemic disorders. Eur ] Clin Invest (2001) 31(12):1070-7. doi: 10.1046/
j.1365-2362.2001.00913.x

Bargagli E, Magi B, Olivieri C, Bianchi N, Landi C, Rottoli P. Analysis of
serum amyloid A in sarcoidosis patients. Respir Med (2011) 105(5):775-80.
doi: 10.1016/j.rmed.2010.12.010

Gungor S, Ozseker F, Yalcinsoy M, Akkaya E, Can G, Eroglu H, et al.
Conventional markers in determination of activity of sarcoidosis. Int
Immunopharmacol (2015) 25(1):174-9. doi: 10.1016/j.intimp.2015.01.015
Zhang Y, Chen X, Hu Y, Du S, Shen L, He Y, et al. Preliminary
characterizations of a serum biomarker for sarcoidosis by comparative
proteomic approach with tandem-mass spectrometry in ethnic Han
Chinese patients. Respir Res (2013) 14(1):18. doi: 10.1186/1465-9921-14-18
Enyedi A, Csongradi A, Altorjay IT, Beke GL, Varadi C, Enyedi EE, et al.
Combined application of angiotensin converting enzyme and chitotriosidase
analysis improves the laboratory diagnosis of sarcoidosis. Clin Chim Acta
(2020) 500:155-62. doi: 10.1016/j.cca.2019.10.010

Brandwein SR, Medsger TAJr, Skinner M, Sipe JD, Rodnan GP, Cohen AS.
Serum amyloid A protein concentration in progressive systemic sclerosis
(scleroderma). Ann Rheum Dis (1984) 43(4):586-9. doi: 10.1136/ard.43.4.586
Lakota K, Carns M, Podlusky S, Mrak-Poljsak K, Hinchcliff M, Lee ], et al. Serum
amyloid A is a marker for pulmonary involvement in systemic sclerosis. PloS
One (2015) 10(1):¢0110820. doi: 10.1371/journal.pone.0110820

Lis-Swiety A, Widuchowska M, Brzeziiiska-Wcisto L, Kucharz E. High acute
phase protein levels correlate with pulmonary and skin involvement in
patients with diffuse systemic sclerosis. J Int Med Res (2018) 46:1634-9.
doi: 10.1177/0300060518760955

Wang CM, Deng JH, Mao GF, He JL, Shi X. Serum Amyloid A: A Potential
Biomarker Assessing Disease Activity in Systemic Lupus Erythematosus.
Med Sci Monit (2020) 26:€923290. doi: 10.12659/MSM.923290

Boyd TA, Eastman PS, Huynh DH, Qureshi F, Sasso EH, Bolce R, et al.
Correlation of serum protein biomarkers with disease activity in psoriatic
arthritis. Expert Rev Clin Immunol (2020) 16(3):335-41. doi: 10.1080/
1744666X.2020.1729129

Duzova A, Bakkaloglu A, Besbas N, Topaloglu R, Ozen S, Ozaltin F, et al. Role
of A-SAA in monitoring subclinical inflammation and in colchicine dosage in
familial Mediterranean fever. Clin Exp Rheumatol (2003) 21:509-14.
Lachmann HJ, Sengiil B, Yavuzsen TU, Booth DR, Booth SE, Bybee A, et al.
Clinical and subclinical inflammation in patients with familial
Mediterranean fever and in heterozygous carriers of MEFV mutations.
Rheumatol (Oxford) (2006) 45(6):746-50. doi: 10.1093/rheumatology/kei279
Berkun Y, Padeh S, Reichman B, Zaks N, Rabinovich E, Lidar M, et al. A
Single Testing of Serum Amyloid A Levels as a Tool for Diagnosis and
Treatment Dilemmas in Familial Mediterranean Fever. Semin Arthritis
Rheumatol (2007) 37:182-8. doi: 10.1016/j.semarthrit.2007.03.005
Yalginkaya F, Cakar N, Acar B, Tutar E, Giiriz H, Elhan AH, et al. The value
of the levels of acute phase reactants for the prediction of familial
Mediterranean fever associated amyloidosis: a case control study.
Rheumatol Int (2007) 27(6):517-22. doi: 10.1007/s00296-006-0265-6
Kallinich T, Wittkowski H, Keitzer R, Roth ], Foell D. Neutrophil-derived
S100A12 as novel biomarker of inflammation in familial Mediterranean
fever. Ann Rheum Dis (2010) 69(4):677-82. doi: 10.1136/ard.2009.114363
Lofty HM, Marzouk H, Farag Y, Nabih M, Khalifa IAS, Mostafa N, et al.
Serum Amyloid A Level in Egyptian Children with Familial Mediterranean
Fever. Int ] Rheumatol (2016) 1:1-6. doi: 10.1155/2016/7354018

Cakan M, Karadag SG, Tanatar A, Sonmez HE, Ayaz NA. The Value of
Serum Amyloid A Levels in Familial Mediterranean Fever to Identify Occult
Inflammation During Asymptomatic Periods. J Clin Rheumatol (2021) 27
(1):1-4. doi: 10.1097/RHU.0000000000001134

Bilginer Y, Ozaltin F, Basaran C, Duzova A, Besbas N, Topaloglu R, et al.
Evaluation of intima media thickness of the common and internal carotid
arteries with inflammatory markers in familial Mediterranean fever as

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

possible predictors for atherosclerosis. Rheumatol Int (2008) 28(12):1211-
6. doi: 10.1007/500296-008-0605-9

Mohamed R, El-Bassyouni HT, Elwan SH, Youness E, Soliman DR, Shehata
GM, et al. Carotid intima-media thickness, lipid profile, serum amyloid A
and vitamin D status in children with familial Mediterranean fever. Egyptian
Rheumatologist (2020) 42(3):237-40. doi: 10.1016/j.¢jr.2020.05.005
Sargsyan Y, Sargsyan A. Endothelial biomarkers in patients with familial
Mediterranean fever associated vascular disease and vasculopathy. Pediatr
Rheumatol (2015) 13(1):016. doi: 10.1186/1546-0096-13-S1-016
Aygiindiiz M, Bavbek N, Oztiirk M, Kaftan O, Kosar A. Kirazli A.Serum beta
2-microglobulin reflects disease activity in Behget’s disease. Rheumatol Int
(2002) 22(1):5-8. doi: 10.1007/500296-002-0180-4

Cantarini L, Pucino V, Vitale A, Talarico R, Lucherini OM, Magnotti F. et al.
Immunometabolic biomarkers of inflammation in Behget’s disease:
relationship with epidemiological profile, disease activity and therapeutic
regimens. Clin Exp Immunol (2016) 184(2):197-207. doi: 10.1111/cei.12768
Vitale A, Rigante D, Lupalco G, Brizi MG, Caso F, Franceschini R, et al.
Serum amyloid A in Behcet’s disease. Clin Rheumatol (2014) 33(8):1165-7.
doi: 10.1007/s10067-014-2555-9

Sota ], Vitale A, Rigante D, Orlando I, Lucherini OM, Simpatico A, et al.
Correlation of Serum Amyloid-A Levels, Clinical Manifestations, Treatment,
and Disease Activity in Patients with Behget’s Disease. Isr Med Assoc J (2018)
20(8):517-21. doi: 10.1038/s41433-019-0740-4

Lee HJ, Kim JH, Kim SW, Joo HA, Lee HW, Kim Y§, et al. Proteomic Analysis of
Serum Amyloid A as a Potential Marker in Intestinal Behget’s Disease. Digestive
Dis Sci (2017) 62(8):1953-62.. doi: 10.1007/s10620-017-4606-y

Hawkins PN, Lachmann HJ, Aganna E, McDermott MF. Spectrum of
Clinical Features in Muckle-Wells Syndrome and Response to Anakinra.
Arthritis Rheumatol (2004) 50(2):607-12. doi: 10.1002/art.2003

Scarpioni R, Rigante D, Cantarini L, Ricardi M, Albertazzi V, Melfa L, et al.
Renal involvement in secondary amyloidosis of Muckle-Wells syndrome:
marked improvement of renal function and reduction of proteinuria after
therapy with human anti-interleukin1f monoclonal antibody canakinumab.
Clin Rheumatol (2015) 34:1311-6. doi: 10.1007/s10067-013-2481-2
Hoffman HM, Throne ML, Amar NJ, Cartwright RC, Kivitz AJ, Soo Y, et al.
Long-term efficacy and safety profile of rilonacept in the treatment of
cryopryin-associated periodic syndromes: results of a 72-week open-label
extension study. Clin Ther (2012) 34(10):2091-103. doi: 10.1016/
j.clinthera.2012.09.009

Goldbach-Mansky R, Shroft SD, Wilson M, Snyder C, Plehn S, Barham B. A
pilot study to evaluate the safety and efficacy of the long-acting interleukin-1
inhibitor rilonacept (Interleukin-1 Trap) in patients with familial cold
autoinflammatory syndrome. Arthritis Rheumatol (2008) 58(8):2432-42.
doi: 10.1002/art.23620

Wikeén M, Hallén B, Kullenberg T, Koskinen LO. Development and effect of
antibodies to anakinra during treatment of severe CAPS: sub-analysis of a
long-term safety and efficacy study. Clin Rheumatol (2018) 37(12):3381-6.
doi: 10.1007/s10067-018-4196-x

Connolly M, Marrelli A, Blades M, McCormick J, Maderna P, Godson C,
et al. Acute serum amyloid A induces migration, angiogenesis, and
inflammation in synovial cells in vitro and in a human rheumatoid
arthritis/SCID mouse chimera model. J Immunol (2010) 184(11):6427-37.
doi: 10.4049/jimmunol.0902941

Ishii W, Matsuda M, Nakamura A, Nakamura N, Suzuki A, Ikeda S.
Abdominal fat aspiration biopsy and genotyping of serum amyloid A
contribute to early diagnosis of reactive AA amyloidosis secondary to
rheumatoid arthritis. Intern Med (2003) 42(9):800-5. doi: 10.2169/
internalmedicine

Migita K, Eguchi K, Tsukada T, Kawabe Y, Takashima H, Mine M, et al.
Increased circulating serum amyloid A protein derivatives in rheumatoid
arthritis patients with secondary amyloidosis. Lab Invest (1996) 75(3):371-5.
Gorlier C, Sellam J, Laurans L, Simon T, Giurgea I, Bastard JP, et al. In
familial Mediterranean fever, soluble TREM-1 plasma level is higher in case
of amyloidosis. Innate Immun (2019) 25(8):487-90. doi: 10.1177/
1753425919870847

Lachmann HJ, Goodman HJB, Gilbertson JA, Gallimore JR, Sabin CA, Gillmore
JD, et al. Natural history and outcome in systemic AA amyloidosis. N Engl ] Med
(2007) 356(23):2361-71. doi: 10.1056/NE]Moa070265

Frontiers in Immunology | www.frontiersin.org

24

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1373/49.9.1510
https://doi.org/10.1373/49.9.1510
https://doi.org/10.1378/chest.09-1975
https://doi.org/10.1046/j.1365-2362.2001.00913.x
https://doi.org/10.1046/j.1365-2362.2001.00913.x
https://doi.org/10.1016/j.rmed.2010.12.010
https://doi.org/10.1016/j.intimp.2015.01.015
https://doi.org/10.1186/1465-9921-14-18
https://doi.org/10.1016/j.cca.2019.10.010
https://doi.org/10.1136/ard.43.4.586
https://doi.org/10.1371/journal.pone.0110820
https://doi.org/10.1177/0300060518760955
https://doi.org/10.12659/MSM.923290
https://doi.org/10.1080/1744666X.2020.1729129
https://doi.org/10.1080/1744666X.2020.1729129
https://doi.org/10.1093/rheumatology/kei279
https://doi.org/10.1016/j.semarthrit.2007.03.005
https://doi.org/10.1007/s00296-006-0265-6
https://doi.org/10.1136/ard.2009.114363
https://doi.org/10.1155/2016/7354018
https://doi.org/10.1097/RHU.0000000000001134
https://doi.org/10.1007/s00296-008-0605-9
https://doi.org/10.1016/j.ejr.2020.05.005
https://doi.org/10.1186/1546-0096-13-S1-O16
https://doi.org/10.1007/s00296-002-0180-4
https://doi.org/10.1111/cei.12768
https://doi.org/10.1007/s10067-014-2555-9
https://doi.org/10.1038/s41433-019-0740-4
https://doi.org/10.1007/s10620-017-4606-y
https://doi.org/10.1002/art.2003
https://doi.org/10.1007/s10067-013-2481-2
https://doi.org/10.1016/j.clinthera.2012.09.009
https://doi.org/10.1016/j.clinthera.2012.09.009
https://doi.org/10.1002/art.23620
https://doi.org/10.1007/s10067-018-4196-x
https://doi.org/10.4049/jimmunol.0902941
https://doi.org/10.2169/internalmedicine
https://doi.org/10.2169/internalmedicine
https://doi.org/10.1177/1753425919870847
https://doi.org/10.1177/1753425919870847
https://doi.org/10.1056/NEJMoa070265
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sori¢ Hosman et al.

SAA in Inflammatory Rheumatic Diseases

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Gillmore JD, Lovat LB, Persey MR, Pepys MB, Hawkins PN. Amyloid load
and clinical outcome in AA amyloidosis in relation to circulating
concentration of serum amyloid A protein. Lancet (2001) 358(9275):24-9.
doi: 10.1016/S0140-6736(00)05252-1

Perry ME, Stirling A, Hunter JA. Effect of etanercept on serum amyloid A protein
(SAA) levels in patients with AA amyloidosis complicating inflammatory
arthritis. Clin Rheumatol (2008) 27(7):923-5. doi: 10.1007/s10067-008-0875-3
Nakamura T, Higashi S, Tomoda K, Tsukano M, Shono M. Effectiveness of
etanercept vs cyclophosphamide as treatment for patients with amyloid A
amyloidosis secondary to rheumatoid arthritis. Rheumatol (Oxford) (2012)
51(11):2064-9. doi: 10.1093/rheumatology/kes190

Miyagawa I, Nakayamada S, Saito K, Hanami K, Nawata M, Sawamukai N,
et al. Study on the safety and efficacy of tocilizumab, an anti-IL-6 receptor
antibody, in patients with rheumatoid arthritis complicated with AA
amyloidosis. Mod Rheumatol (2014) 24(3):405-9. doi: 10.3109/14397595.
2013.844294

Lane T, Gillmore JD, Wechalekar AD, Hawkins PN, Lachmann HJ.
Therapeutic blockade of interleukin-6 by tocilizumab in the management
of AA amyloidosis and chronic inflammatory disorders: a case series and
review of the literature. Clin Exp Rheumatol (2015) 33(6 Suppl 94):546-53.
Okuda Y, Ohnishi M, Matoba K, Jouyama K, Yamada A, Sawada N, et al.
Comparison of the clinical utility of tocilizumab and anti-TNF therapy in AA
amyloidosis complicating rheumatic diseases. Mod Rheumatol (2014) 24
(1):137-43. doi: 10.3109/14397595.2013.854048

XuB,Fan CY, Wang AL, Zou YL, Yu YH, He C, etal. Suppressed T cell-mediated
immunity in patients with COVID-19: A clinical retrospective study in Wuhan,
China. J Infect (2020) 81(1):e51-60. doi: 10.1016/j.jinf.2020.04.012

Shi F, Wu T, Zhu X, Ge Y, Zeng X, Chi Y, et al. Association of viral load with
serum biomakers among COVID-19 cases. Virology (2020) 546:122-6.
doi: 10.1016/j.virol.2020.04.011

Wang D, Li R, Wang J, Jiang Q, Gao C, Yang J, et al. Correlation analysis
between disease severity and clinical and biochemical characteristics of 143
cases of COVID-19 in Wuhan, China: a descriptive study. BMC Infect Dis
(2020) 20(1):519. doi: 10.1186/s12879-020-05242-w

Li H, Xiang X, Ren H, Xu L, Zhao L, Chen X, et al. Serum Amyloid A is a
biomarker of severe Coronavirus Disease and poor prognosis. | Infection
(2020) 80(6):646-55. doi: 10.1016/j.jinf.2020.03.035

Li X, Wang L, Yan S, Yang F, Xiang L, Zhu J, et al. Clinical characteristics of
25 death cases with COVID-19: A retrospective review of medical records in
a single medical center, Wuhan, China. Int J Infect Dis (2020) 94:128-32.
doi: 10.1016/j.ijid.2020.03.053

Mo XN, Su ZQ, Lei CL, Chen DF, Peng H, Chen RC, et al. Serum amyloid A
is a predictor for prognosis of COVID-19. Respirology (2020) 25(7):764-5.
doi: 10.1111/resp.13840

Watson G, See CG, Woo P. Use of somatic cell hybrids and fluorescence in
situ hybridization to localize the functional serum amyloid A (SAA) genes to
chromosome 11p15.4-p15.1 and the entire SAA superfamily to chromosome
11p15. Genomics (1994) 23(3):694-6. doi: 10.1006/gen0.1994.1559

Jumeau C, Awad F, Assrawi E, Cobret L, Duquesnoy P, Giurgea I, et al.
Expression of SAA1, SAA2 and SAA4 genes in human primary monocytes
and monocyte-derived macrophages. PloS One (2019) 14(5):e0217005.
doi: 10.1371/journal.pone.0217005

Kluve-Beckerman B, Drumm ML, Benson MD. Nonexpression of the human
serum amyloid A three (SAA3) gene. DNA Cell Biol (1991) 10(9):651-61.
doi: 10.1089/dna.1991.10.651

Steel DM, Sellar GC, Uhlar CM, Simon S, deBeer FC, Whitehead AS. A
constitutively expressed serum amyloid A protein gene is closely linked to,
and shares structural similarities with, an acute phase serum amyloid A
protein gene. Genomics (1993) 16(2):447-54. doi: 10.1006/geno.1993.1209
Blank N, Hegenbart U, Lohse P, Beimler J, Rocken C, Ho AD, et al. Risk
factors for AA amyloidosis in Germany. Amyloid (2015) 22:(1):1-7.
doi: 10.3109/13506129.2014.980942

Booth DR, Booth SE, Gillmore JD, Hawkins PN, Pepys MB. SAALI alleles as
risk factors in reactive systemic AA amyloidosis. Amyloid (1998) 5(4):262-5.
doi: 10.3109/13506129809007299

Utku U, Dilek M, Akpolat I, Bedir A, Akpolat T. SAA1 alpha/alpha alleles in
Behcet’s disease related amyloidosis. Clin Rheumatol (2007) 26:927-9.
doi: 10.1007/s10067-006-0435-7

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Moriguchi M, Terai C, Koseki Y, Uesato M, Nakajima A, Inada S, et al. Influence
of genotypes at SAA1 and SAA2 loci on the development and the length of latent
period of secondary AA-amyloidosis in patients with rheumatoid arthritis. Hum
Genet (1999) 105(4):360-6. doi: 10.1007/s004399900150

Ajiro J, Narita I, Sato F, Saga D, Hasegawa H, Kuroda T, et al. SAA1 gene
polymorphisms and the risk of AA amyloidosis in Japanese patients with
rheumatoid arthritis. Mod Rheumatol (2006) 16(5):294-9. doi: 10.3109/
510165-006-0500-8

Nakamura T, Higashi S, Tomoda K, Tsukano M, Baba S, Shono M.
Significance of SAAIL.3 allele genotype in Japanese patients with
amyloidosis secondary to rheumatoid arthritis. Rheumatol (Oxford) (2006)
45(1):43-9. doi: 10.1093/rheumatology/keil12

Moriguchi M, Terai C, Kaneko H, Koseki Y, Kajiyama H, Uesato M, et al. A
novel single-nucleotide polymorphism at the 50-flanking region of SAA1
associated with risk of type AA amyloidosis secondary to rheumatoid
arthritis. Arthritis Rheumatol (2001) 44(6):1266-72. doi: 10.1002/1529-
0131(200106)44:6<1266:AID-ART218>3.0.CO;2-3

Yamada T, Okuda Y, Takasugi K, Wang L, Marks D, Benson MD, et al. An
allele of serum amyloid A1 associated with amyloidosis in both Japanese and
Caucasians. Amyloid (2003) 10(1):7-11. doi: 10.3109/13506120308995250
Moriguchi M, Kaneko H, Terai C, Koseki Y, Kajiyama H, Inada S, et al. Relative
transcriptional activities of SAA1 promoters polymorphic at position -13(T/C):
potential association between increased transcription and amyloidosis. Amyloid
(2005) 12:26-32. doi: 10.1080/13506120500032394

Thorn CF, Lu ZY, Whitehead AS. Regulation of the human acute phase
serum amyloid A genes by tumour necrosis factor-alpha, interleukin-6 and
glucocorticoids in hepatic and epithelial cell lines. Scand J Immunol (2004)
59:152-8. doi: 10.1111/j.0300-9475.2004.01369.x

Hagihara K, Nishikawa T, Sugamata Y, Song J, Isobe T, Taga T, et al. Essential role
of STATS3 in cytokine-driven NF-xB-mediated serum amyloid A gene expression.
Genes Cells (2005) 10(11):1051-63. doi: 10.1111/j.1365-2443.2005.00900.x
Migita K, Koga T, Komori A, Torigoshi T, Maeda Y, Izumi Y, et al. Influence
of Janus kinase inhibition on interleukin 6-mediated induction of acute-
phase serum amyloid A in rheumatoid synovium. J Rheumatol (2011) 38
(11):2309-17. doi: 10.3899/jrheum.101362

Hagihara K, Nishikawa T, Isobe T, Song J, Sugamata Y, Yoshizaki K. IL-6
plays a critical role in the synergistic induction of human serum amyloid A
(SAA) gene when stimulated with proinflammatory cytokines as analyzed
with an SAA isoform real-time quantitative RT-PCR assay system. Biochem
Biophys Res Commun (2004) 314(2):363-9. doi: 10.1016/j.bbrc.2003.12.096
Yoshizaki K. Pathogenic Role of IL-6 Combined with TNF-alfa or IL-1 in the
Induction of Acute Phase Proteins SAA and CRP in Chronic Inflammatory
Diseases. Adv Exp Med Biol (2011) 691:141-50. doi: 10.1007/978-1-4419-
6612-4_15

Kushner I, Jiang SL, Zhang D, Lozanski G, Samols D. Do post-transcriptional
mechanisms participate in induction of C-reactive protein and serum
amyloid A by IL-6 and IL-1? Ann NY Acad Sci (1995) 762:102-7.
doi: 10.1111/§.1749-6632.1995.tb32318.x

Steel DM, Roger JT, DeBeer MC, DeBeer FC, Whitehead AS. Biosynthesis of
human acute-phase serum amyloid A protein (A-SAA) in vitro: the roles or
mRNA accumulation, poly (A) tail shortening and translational efficiency.
Biochem ] (1993) 291(Pt 3):701-7. doi: 10.1042/bj2910701

Lozanski G, Jiang SL, Samols D. Kushner I. C-reactive protein and serum
amyloid A mRNA stability following induction by cytokines. Cytokine (1996)
8(7):534-40. doi: 10.1006/cyt0.1996.0072

Tanaka F, Migita K, Kawabe Y, Aoyagi T, Ida H, Kawakami A, et al.
Interleukin-18 induces serum amyloid A (SAA) protein production from
rheumatoid synovial fibroblasts. Life Sci Feb (2004) 13(74):1671-9.
doi: 10.1016/j.1fs.2003.08.025

Thorn CF, Whitehead AS. Differential glucocorticoid enhancement of the
cytokine-driven transcriptional activation of the human acute phase serum
amyloid A genes, SAA1 and SAA2. JImmunol (2002) 1(169):399-406.
doi: 10.4049/jimmunol.169.1.399

O’Hara R, Murphy EP, Whitehead AS, FitzGerald O, Bresnihan B. Acute-
phase serum amyloid A production by rheumatoid arthritis synovial tissue.
Arthritis Res (2000) 2(2):142-4. doi: 10.1186/ar78

Connolly M, Veale DJ, Fearon U. Acute serum amyloid A regulates
cytoskeletal rearrangement, cell matrix interactions and promotes cell

Frontiers in Immunology | www.frontiersin.org

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1016/S0140-6736(00)05252-1
https://doi.org/10.1007/s10067-008-0875-3
https://doi.org/10.1093/rheumatology/kes190
https://doi.org/10.3109/14397595.2013.844294
https://doi.org/10.3109/14397595.2013.844294
https://doi.org/10.3109/14397595.2013.854048
https://doi.org/10.1016/j.jinf.2020.04.012
https://doi.org/10.1016/j.virol.2020.04.011
https://doi.org/10.1186/s12879-020-05242-w
https://doi.org/10.1016/j.jinf.2020.03.035
https://doi.org/10.1016/j.ijid.2020.03.053
https://doi.org/10.1111/resp.13840
https://doi.org/10.1006/geno.1994.1559
https://doi.org/10.1371/journal.pone.0217005
https://doi.org/10.1089/dna.1991.10.651
https://doi.org/10.1006/geno.1993.1209
https://doi.org/10.3109/13506129.2014.980942
https://doi.org/10.3109/13506129809007299
https://doi.org/10.1007/s10067-006-0435-7
https://doi.org/10.1007/s004399900150
https://doi.org/10.3109/s10165-006-0500-8
https://doi.org/10.3109/s10165-006-0500-8
https://doi.org/10.1093/rheumatology/kei112
https://doi.org/10.1002/1529-0131(200106)44:63.0.CO;2-3
https://doi.org/10.1002/1529-0131(200106)44:63.0.CO;2-3
https://doi.org/10.3109/13506120308995250
https://doi.org/10.1080/13506120500032394
https://doi.org/10.1111/j.0300-9475.2004.01369.x
https://doi.org/10.1111/j.1365-2443.2005.00900.x
https://doi.org/10.3899/jrheum.101362
https://doi.org/10.1016/j.bbrc.2003.12.096
https://doi.org/10.1007/978-1-4419-6612-4_15
https://doi.org/10.1007/978-1-4419-6612-4_15
https://doi.org/10.1111/j.1749-6632.1995.tb32318.x
https://doi.org/10.1042/bj2910701
https://doi.org/10.1006/cyto.1996.0072
https://doi.org/10.1016/j.lfs.2003.08.025
https://doi.org/10.4049/jimmunol.169.1.399
https://doi.org/10.1186/ar78
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sori¢ Hosman et al.

SAA in Inflammatory Rheumatic Diseases

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

migration in rheumatoid arthritis. Ann Rheum Dis (2011) 70(7):1296-303.
doi: 10.1136/ard.2010.142240

Koga T, Torigoshi T, Motokawa S, Miyashita T, Maeda Y, Nakamura M, et al.
Serum amyloid A-induced IL-6 production by rheumatoid synoviocytes. FEBS
Lett (2008) 582(5):579-85. doi: 10.1016/j.febslet.2008.01.022

Furlaneto CJ, Campa A. A novel function of serum amyloid A: a potent
stimulus for the release of tumor necrosis factor-alpha, interleukin-1beta,
and interleukin-8 by human blood neutrophil. Biochem Biophys Res
Commun (2000) 268(2):405-8. doi: 10.1006/bbrc.2000.2143

Lee MS, Yoo SA, Cho CS, Suh PG, Kim WU, Ryu SH. Serum amyloid A binding
to formyl peptide receptor-like 1 induces synovial hyperplasia and angiogenesis.
J Immunol (2006) 177(8):5585-94. doi: 10.4049/jimmunol.177.8.5585

He R, Sang H, Ye RD. Serum amyloid A induces IL-8 secretion through a G
protein-coupled receptor, FPRL1/LXA4R. Blood (2003) 101(4):1572-81.
doi: 10.1182/blood-2002-05-1431

Mullan RH, McCormick J, Connolly M, Bresnihan B, Veale DJ, Fearon U. A
role for the high-density lipoprotein receptor SR-BIl in synovial
inflammation via serum amyloid-A. Am ] Pathol (2010) 176(4):1999-2008.
doi: 10.2353/ajpath.2010.090014

Hong C, Shen C, Ding H, Huang S, Mu Y, Su H, et al. An involvement of SR-
B1 mediated p38 MAPK signaling pathway in serum amyloid A-induced
angiogenesis in rheumatoid arthritis. Mol Immunol (2015) 66(2):340-5.
doi: 10.1016/j.molimm.2015.03.254

Sandri S, Rodriguez D, Gomes E, Monteiro HP, Russo M, Campa A. Is serum
amyloid A an endogenous TLR4 agonist? ] Leukoc Biol (2008) 83(5):1174-
80. doi: 10.1189/j1b.0407203

Li W, Zhu S, Li ], D’Amore ], D’Angelo ], Yang H, et al. Serum amyloid A
stimulates PKR expression and HMGBI release possibly through TLR4/RAGE
receptors. Mol Med (2015) 21:515-25. doi: 10.2119/molmed.2015.00109

He RL, Zhou J, Hanson CZ, Chen J, Cheng N, Ye RD. Serum amyloid A
induces G-CSF expression and neutrophilia via Toll-like receptor 2. Blood
(2009) 113(2):429-37. doi: 10.1182/blood-2008-03-139923

Cheng N, He R, Tian ], Ye PP, Ye RD. Cutting edge: TLR2 is a functional
receptor for acute-phase serum amyloid A. J Immunol (2008) 181(1):22-6.
doi: 10.4049/jimmunol.181.1.22

Connolly M, Rooney PR, McGarry T, Maratha AX, McCormick J, Miggin
SM, et al. Acute serum amyloid A is an endogenous TLR2 ligand that
mediates inflammatory and angiogenic mechanisms. Ann Rheum Dis (2016)
75(7):1392-8. doi: 10.1136/annrheumdis-2015-207655

O'Reilly S, Cant R, Ciechomska M, Finnigan ], Oakley F, Hambleton S, et al.
Serum amyloid A induces interleukin-6 in dermal fibroblasts via Toll-like
receptor 2, interleukin-1 receptor-associated kinase 4 and nuclear factor-xB.
Immunology (2014) 143(3):331-40. doi: 10.1111/imm.12260

Okamoto H, Katagiri Y, Kiire A, Momohara S, Kamatani N. Serum amyloid
A activates nuclear factor-kappaB in rheumatoid synovial fibroblasts
through binding to receptor of advanced glycation end-products.
J Rheumatol (2008) 35(5):752-6.

Mullan RH, Bresnihan B, Golden-Mason L, Markham T, O’Hara R, FitzGerald
O, et al. Acute-phase serum amyloid A stimulation of angiogenesis, leukocyte
recruitment, and matrix degradation in rheumatoid arthritis through an NEF-
kappaB-dependent signal transduction pathway. Arthritis Rheumatol (2006) 54
(1):105-14. doi: 10.1002/art.21518

Migita K, Kawabe Y, Tominaga M, Origuchi T, Aoyagi T, Eguchi K, et al.
Serum amyloid A protein induces production of matrix metalloproteinases
by human synovial fibroblasts. Lab Invest (1998) 78(5):535-9.

Vallon R, Freuler F, Desta-Tesdu N, Robeva A, Dawson ], Wenner P, et al.
Serum amyloid A (apoSAA) expression is up-regulated in rheumatoid
arthritis and induces transcription of matrix metalloproteinases.
J Immunol (2001) 166(4):2801-7. doi: 10.4049/jimmunol.166.4.2801
O’Hara R, Murphy EP, Whitehead AS, FitzGerald O, Bresnihan B. Local
expression of the serum amyloid A and formyl peptide receptor-like 1 genes
in synovial tissue is associated with matrix metalloproteinase production in
patients with inflammatory arthritis. Arthritis Rheumatol (2004) 50(6):1788—
99. doi: 10.1002/art.20301

Kobayashi A, Naito S, Enomoto H, Shiomoi T, Kimura T, Obata K, et al.
Serum levels of matrix metalloproteinase 3 (stromelysin 1) for monitoring
synovitis in rheumatoid arthritis. Arch Pathol Lab Med (2007) 131(4):563-
70. doi: 10.1043/1543-2165(2007)131[563:SLOMMS]2.0.CO;2

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Satomura K, Torigoshi T, Koga T, Maeda Y, Izumi Y, Jiuchi Y, et al. (SAA)
induces pentraxin 3 (PTX3) production in rheumatoid synoviocytes. Mod
Rheumatol (2013) 23(1):28-35. doi: 10.3109/s10165-012-0630-0

Aggarwal S, Ghilardi N, Xie MH, de Sauvage FJ, Gurney AL. Interleukin-23
promotes a distinct CD4 T cell activation state characterized by the
production of interleukin-17. J Biol Chem (2003) 278:1910-14.
doi: 10.1074/jbc.M207577200

Hirota K, Yoshitomi H, Hashimoto M, Maeda S, Teradaira S, Sugimoto N,
et al. Preferential recruitment of CCR6- expressing Th17 cells to inflamed
joints via CCL20 in rheumatoid arthritis and its animal model. ] Exp Med
(2007) 204:2803-12. doi: 10.1084/jem.20071397

Migita K, Koga T, Torigoshi T, Maeda Y, Miyashita T, Izumi Y, et al. Serum
amyloid A protein stimulates CCL20 production in rheumatoid
synoviocytes. Rheumatol (Oxford) (2009) 48(7):741-7. doi: 10.1093/
rheumatology/kep089

Lucherini M, Lopalco G, Cantarini L, Emmi G, Lopalco A, Venerito V, et al.
Critical regulation of Th17 cell differentiation by serum amyloid-A signalling
in Behcet’s disease. Immunol Lett (2018) 201:38-44. doi: 10.1016/
j.imlet.2018.10.013

Metawi SA, Abbas D, Kamal MM, Ibrahim MK. Serum and synovial fluid
levels of interleukin-17 in correlation with disease activity in patients with
RA. Clin Rheumatol (2011) 30(9):1201-7. doi: 10.1007/s10067-011-1737-y
Shen H, Goodall JC, Hill Gaston JS. Frequency and phenotype of peripheral
blood Th17 cells in ankylosing spondylitis and rheumatoid arthritis. Arthritis
Rheumatol (2009) 60(6):1647-56. doi: 10.1002/art.24568

Romero-Sanchez C, Jaimes DA, Londofo J, De Avila J, Castellanos JE, Bello
JM. Association between Th-17 cytokine profile and clinical features in
patients with spondyloarthritis. Clin Exp Rheumatol (2011) 29(5):828-34.
Bissonnette R, Nigen S, Langley RG, Lynde CW, Tan J, Fuentes-Duculan J,
et al. Increased expression of IL-17A and limited involvement of IL-23 in
patients with palmo-plantar (PP) pustular psoriasis or PP pustulosis; results
from a randomised controlled trial. ] Eur Acad Dermatol Venereol (2014) 28
(10):1298-305. doi: 10.1111/jdv.12272

Braun J, Baraliakos X, Deodhar A, Baeten D, Sieper J, Emery P, et al. Effect of
secukinumab on clinical and radiographic outcomes in ankylosing spondylitis:
2-year results from the randomised phase Il MEASURE 1 study. Ann Rheum
Dis (2017) 76(6):1070-7. doi: 10.1136/annrheumdis-2016-209730

Migita K, Koga T, Satomura K, Izumi M, Torigodhi T, Maeda Y, et al. Serum
amylodi A triggers the mosodium urate mediated mature interleukin 18
production from human synovial fibroblasts. Arthritis Res Ther (2012) 14(3):
R119. doi: 10.1186/ar3849

Migita K, Izumi Y, Fujikawa K, Agematsu K, Masumoto J, Jiuchi Y, et al.
Dysregulated mature IL-1B production in familial Mediterranean fever.
Rheumatol (Oxford) (2015) 54(4):660-5. doi: 10.1093/rheumatology/keu359
Niemi K, Teirild L, Lappalainen J, Rajamiki K, Baumann MH, O6rni K, et al.
Serum amyloid A activates the NLRP3 inflammasome via P2X7 receptor and
a cathepsin B-sensitive pathway. J Immunol (2011) 186(11):6119-28.
doi: 10.4049/jimmunol.1002843

Husby G, Natvig JB, Sletten K. New, third class of amyloid fibril protein.
J Exp Med (1974) 139(3):773-8. doi: 10.1084/jem.139.3.773

Migita K, Yamasaki S, Shibatomi K, Ida H, Kawakami M,, Eguchi K.
Impaired degradation of serum amyloid A (SAA) protein by cytokine-
stimulated monocytes. Clin Exp Immunol (2001) 123(3):408-11.
doi: 10.1046/j.1365-2249.2001.01472.x

Magy N, Benson MD, Liepnieks JL, Kluve-Beckerman B. Cellular events
associated with the initial phase of AA amyloidogenesis: insights from a
human monocyte model. Amyloid (2007) 14(1):51-63. doi: 10.1080/
13506120601116575

Stix B, Kdhne T, Sletten K, Raynes J, Roessner A, Rocken C. Proteolysis of AA
amyloid fibril proteins by matrix metalloproteinases-1, -2, and -3. Am |
Pathol (2001) 159(2):561-70. doi: 10.1016/s0002-9440(10)61727-0

Van der Hilst JCH, Yamada T, Op den Camp HJM, van der Meer JWM,
Drenth JPH, Simon A. Increased susceptibility of serum amyloid A 1.1 to
degradation by MMP-1: potential explanation for higher risk of type AA
amyloidosis. Rheumatol (Oxford) (2008) 47(11):1651-4. doi: 10.1093/
rheumatology/ken371

Tolle M, Huang T, Schuchardt M, Jankowski V, Prufer N, Jankowski J, et al.
High-density lipoprotein loses its anti-inflammatory capacity by

Frontiers in Immunology | www.frontiersin.org

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1136/ard.2010.142240
https://doi.org/10.1016/j.febslet.2008.01.022
https://doi.org/10.1006/bbrc.2000.2143
https://doi.org/10.4049/jimmunol.177.8.5585
https://doi.org/10.1182/blood-2002-05-1431
https://doi.org/10.2353/ajpath.2010.090014
https://doi.org/10.1016/j.molimm.2015.03.254
https://doi.org/10.1189/jlb.0407203
https://doi.org/10.2119/molmed.2015.00109
https://doi.org/10.1182/blood-2008-03-139923
https://doi.org/10.4049/jimmunol.181.1.22
https://doi.org/10.1136/annrheumdis-2015-207655
https://doi.org/10.1111/imm.12260
https://doi.org/10.1002/art.21518
https://doi.org/10.4049/jimmunol.166.4.2801
https://doi.org/10.1002/art.20301
https://doi.org/10.1043/1543-2165(2007)131[563:SLOMMS]2.0.CO;2
https://doi.org/10.3109/s10165-012-0630-0
https://doi.org/10.1074/jbc.M207577200
https://doi.org/10.1084/jem.20071397
https://doi.org/10.1093/rheumatology/kep089
https://doi.org/10.1093/rheumatology/kep089
https://doi.org/10.1016/j.imlet.2018.10.013
https://doi.org/10.1016/j.imlet.2018.10.013
https://doi.org/10.1007/s10067-011-1737-y
https://doi.org/10.1002/art.24568
https://doi.org/10.1111/jdv.12272
https://doi.org/10.1136/annrheumdis-2016-209730
https://doi.org/10.1186/ar3849
https://doi.org/10.1093/rheumatology/keu359
https://doi.org/10.4049/jimmunol.1002843
https://doi.org/10.1084/jem.139.3.773
https://doi.org/10.1046/j.1365-2249.2001.01472.x
https://doi.org/10.1080/13506120601116575
https://doi.org/10.1080/13506120601116575
https://doi.org/10.1016/s0002-9440(10)61727-0
https://doi.org/10.1093/rheumatology/ken371
https://doi.org/10.1093/rheumatology/ken371
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sori¢ Hosman et al.

SAA in Inflammatory Rheumatic Diseases

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

accumulation of pro-inflammatory-serum amyloid A. Cardiovasc Res (2012)
94(1):154-62. doi: 10.1093/cvr/cvs089

Artl A, Marsche G, Lestavel S, Sattler W, Malle E. Role of serum amyloid A
during metabolism of acute-phase HDL by macrophages. Arterioscler
Thromb Vasc Biol (2000) 20(3):763-72. doi: 10.1161/01.atv.20.3.763

Gaal K, Tarr T, Lorincz H, Borbas V, Seres I, Harangi M, et al. High-density
lipopoprotein antioxidant capacity, subpopulation distribution and
paraoxonase-1 activity in patients with systemic lupus erythematosus.
Lipids Health Dis (2016) 15:60. doi: 10.1186/512944-016-0229-0

McMahon M, Grossman J, FitzGerald ], Dahlin-Lee E, Wallace D], Thong
BY, et al. Proinflammatory high-density lipoprotein as a biomarker for
atherosclerosis in patients with systemic lupus erythematosus and
rheumatoid arthritis. Arthritis Rheumatol (2006) 54:2541-9. doi: 10.1002/
art.21976

Meek RL, Urieli-Shoval, Benditt EP. Expression of apolipo-protein serum
amyloid A mRNA in human atherosclerotic lesions and cultured vascular
cells: implications for serum amyloid A function. Proc Natl Acad Sci USA
(1994) 91(8):3186-90. doi: 10.1073/pnas.91.8.3186

Mechtcheriakova D, Schabbauer G, Lucerna M, Clauss M, de Martin R,
Binder BR, et al. Specificity, diversity, and convergence in VEGF and TNEF-
alpha signaling events leading to tissue factor up-regulation via EGR-1 in
endothelial cells. FASEB ] (2001) 15:230-42. doi: 10.1096/£].00-0247com
Zhao Y, Zhou S, Heng CK. Impact of serum amyloid A on tissue factor and
tissue factor pathway inhibitor expression and activity in endothelial cells.
Arterioscler Thromb Vasc Biol (2007) 27:1645-50. doi: 10.1161/ATV
BAHA.106.137455

Chami B, Barrie N, Cai X, Wang X, Paul M, Morton-Chandra R, et al. Serum
amyloid A receptor blockade and incorporation into high-density
lipoprotein modulates its pro-inflammatory and pro-thrombotic activities
on vascular endothelial cells. Int ] Mol Sci (2015) 16(5):11101-24.
doi: 10.3390/ijms160511101

Witting PK, Song C, Hsu K, Hua S, Parry SN, Aran R, et al. The acute-phase
protein serum amyloid A induces endothelial dysfunction that is inhibited by
high-density lipoprotein. Free Radic Biol Med (2011) 51:1390-8.
doi: 10.1016/j.freeradbiomed.2011.06.031

Lingwood D, Binnington B, Rog T, Vattulainen I, Grzybek M, Coskun U,
et al. Cholesterol modulates glycolipid conformation and receptor activity.
Nat Chem Biol (2011) 7:260-2. doi: 10.1038/nchembio.551

Lakota K, Mrak-Poljsak K, Bozic B, Tomsic M, Sodin-Semr] S. Serum
amyloid A activation of human coronary artery endothelial cells exhibits a
neutrophil promoting molecular profile. Microvasc Res (2013) 90:55-63.
doi: 10.1016/j.mvr.2013.07.011

Wang X, Chai H, Wang Z, Lin PH, Yao Q, Chen C. Serum amyloid A induces
endothelial dysfunction in porcine coronary arteries and human coronary
artery endothelial cells. Am J Physiol Heart Circ Physiol (2008) 295:2399-408.
doi: 10.1152/ajpheart.00238.2008

Migita K, Miyashita T, Ishibashi H, Maeda Y, Nakamura M, Yatsuhashi H,
et al. Suppressive effect of leflunomide metabolite (A77 1726) on
metalloproteinase production in IL-1beta stimulated rheumatoid synovial
fibroblasts. Clin Exp Immunol (2004) 137(3):612-6. doi: 10.1111/j.1365-
2249.2004.02555.x

Rubin DT, Naik S, Kondragunta V, Rao T, Jain A. Detection of adalimumab and
antibodies to adalimumab using a homogeneous mobility shift assay. Curr Med
Res Opin (2017) 33(5):837-43. doi: 10.1080/03007995.2017.1289908

O’Neill L, Rooney P, Molloy D, Connolly M, McCormick J, McCarthy G,
et al. Regulation of Inflammation and Angiogenesis in Giant Cell Arteritis by
Acute-Phase Serum Amyloid A. Arthritis Rheumatol (2015) 67(9):2447-56.
doi: 10.1002/art.39217

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

202.

203.

Chen ES, Song Z, Willett MH, Heine S, Yung RC, Liu MC, et al. Serum
amyloid A regulates granulomatous inflammation in sarcoidosis through
Toll-like receptor-2. Am ] Respir Crit Care Med (2010) 181(4):360-73.
doi: 10.1164/rccm.200905-06960C

Bons JA, Drent M, Bouwman FG, Mariman EC, van Dieijen-Visser MP,
Wodzig WK. Potential biomarkers for diagnosis of sarcoidosis using
proteomics in serum. Respir Med (2007) 101(8):1687-95. doi: 10.1016/
j.rmed.2007.03.002

Moore BJB, June CH. Cytokine release syndrome in severe COVID-19.
Science (2020) 368(6490):473-4. doi: 10.1126/science.abb8925

Christenson K, Bjérkman L, Ahlin S, Olsson M, Sjéholm K, Karlsson A, et al.
Endogenous Acute Phase Serum Amyloid A Lacks Pro-Inflammatory
Activity, Contrasting the Two Recombinant Variants That Activate
Human Neutrophils through Different Receptors. Front Immunol (2013)
22(4):92. doi: 10.3389/fimmu.2013.00092

Bjorkman L, Raynes JG, Shah C, Karlsson A, Dahlgren C, Bylund J. The
proinflammatory activity of recombinant serum amyloid A is not shared by
the endogenous protein in the circulation. Arthritis Rheumatol (2010)
62:1660-5. doi: 10.1002/art.27440

Yamada T, Okuda Y, Takasugi K, Itoh K, Igari J. Relative serum amyloid A
(SAA) values: the influence of SAA1 genotypes and corticosteroid treatment
in Japanese patients with rheumatoid arthritis. Ann Rheum Dis (2001) 60
(2):124-7. doi: 10.1136/ard.60.2.124

Griffiths K, Maxwell AP, McCarter RV, Nicol P, Hogg RE, Harbinson M,
et al. Serum amyloid A levels are associated with polymorphic variants in the
serum amyloid A 1 and 2 genes. Ir | Med Sci (2019) 188:1175-83.
doi: 10.1007/s11845-019-01996-8

Zhang J, Guo W, Shi C, Zhang Y, Zhang C, Zhang L, et al. Copy number
variations in serum amyloid A play a role in the determination of its
individual baseline concentrations. Clin Chem (2018) 64:402-4.
doi: 10.1373/clinchem.2017.279372

O’Brien KD, Brehm BJ, Seeley R], Bean ], Wener MH, Daniels S, et al. Diet-
induced weight loss is associated with decreases in plasma serum amyloid A and
C-reactive protein independent of dietary macronutrient composition in obese
subjects. J Clin Endocrinol Metab (2005) 90:2244-9. doi: 10.1210/jc.2004-1011
Horiuchi Y, Hirayama S, Soda S, Seino U, Kon M, Ueno T, et al. Statin therapy
reduces inflammatory markers in hypercholesterolemic patients with high
baseline levels. ] Atheroscler Thromb (2010) 17:722-9. doi: 10.5551/jat.3632

. Giugliano D, Ceriello A, Esposito K. The effects of diet on inflammation:

emphasis on the metabolic syndrome. J Am Coll Cardiol (2006) 48:677-85.
doi: 10.1016/j.jacc.2006.03.052

Pruett BS, Pruett SB. An explanation for the paradoxical induction and
suppression of an acute phase response by ethanol. Alcohol (2006) 39:105-
10. doi: 10.1016/j.alcohol.2006.08.003

Al-Sieni AI, Al-Alawy Al, Al-Shehri ZS, Al-Abbasi FA. Serum amyloid-A
protein and serum rheumatoid factor as serological surrogate markers for
smoking risk factor in Saudi population. Pak ] Pharm Sci (2013) 26:239-43.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Sori¢ Hosman, Kos and Lamot. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

27

February 2021 | Volume 11 | Article 631299


https://doi.org/10.1093/cvr/cvs089
https://doi.org/10.1161/01.atv.20.3.763
https://doi.org/10.1186/s12944-016-0229-0
https://doi.org/10.1002/art.21976
https://doi.org/10.1002/art.21976
https://doi.org/10.1073/pnas.91.8.3186
https://doi.org/10.1096/fj.00-0247com
https://doi.org/10.1161/ATVBAHA.106.137455
https://doi.org/10.1161/ATVBAHA.106.137455
https://doi.org/10.3390/ijms160511101
https://doi.org/10.1016/j.freeradbiomed.2011.06.031
https://doi.org/10.1038/nchembio.551
https://doi.org/10.1016/j.mvr.2013.07.011
https://doi.org/10.1152/ajpheart.00238.2008
https://doi.org/10.1111/j.1365-2249.2004.02555.x
https://doi.org/10.1111/j.1365-2249.2004.02555.x
https://doi.org/10.1080/03007995.2017.1289908
https://doi.org/10.1002/art.39217
https://doi.org/10.1164/rccm.200905-0696OC
https://doi.org/10.1016/j.rmed.2007.03.002
https://doi.org/10.1016/j.rmed.2007.03.002
https://doi.org/10.1126/science.abb8925
https://doi.org/10.3389/fimmu.2013.00092
https://doi.org/10.1002/art.27440
https://doi.org/10.1136/ard.60.2.124
https://doi.org/10.1007/s11845-019-01996-8
https://doi.org/10.1373/clinchem.2017.279372
https://doi.org/10.1210/jc.2004-1011
https://doi.org/10.5551/jat.3632
https://doi.org/10.1016/j.jacc.2006.03.052
https://doi.org/10.1016/j.alcohol.2006.08.003
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Serum Amyloid A in Inflammatory Rheumatic Diseases: A Compendious Review of a Renowned Biomarker
	Introduction
	Literature Review
	SAA-Related Genes and Proteins
	SAA in Rheumatic Diseases
	SAA in Rheumatoid Arthritis
	SAA in Juvenile Idiopathic Arthritis
	SAA in Ankylosing Spondylitis
	SAA in Different Types of Vasculitis
	SAA in Sarcoidosis
	SAA in Other Inflammatory Rheumatic Diseases
	SAA in Systemic Autoinflammatory Diseases
	SAA in Secondary (AA) Amyloidosis
	SAA in COVID-19
	Limitations of SAA as a Biomarker of Inflammatory Rheumatic Diseases 
	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


