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Abstract

BACKGROUND

Serum amyloid A (SAA) is an acute phase protein mainly synthesized by the
liver. SAA induces inflammatory phenotype and promotes cell proliferation in
activated hepatic stellate cells, the major scar forming cells in the liver. However,
few studies have reported on the serum levels of SAA in human liver disease and
its clinical significance in various liver diseases.

AIM

To investigate the serum levels of SAA in patients with different liver diseases
and analyze the factors associated with the alteration of SAA levels in chronic
hepatitis B (CHB) patients.

METHODS

Two hundred and seventy-eight patients with different liver diseases and 117
healthy controls were included in this study. The patients included 205 with
CHB, 22 with active autoimmune liver disease (AILD), 21 with nonalcoholic
steatohepatitis (NASH), 14 with drug-induced liver injury (DILI), and 16 with
pyogenic liver abscess. Serum levels of SAA and other clinical parameters were
collected for the analysis of the factors associated with SAA level. Mann-Whitney
U test was used to compare the serum SAA levels of patients with various liver
diseases with those of healthy controls. Bonferroni test was applied for post hoc
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comparisons to control the probability of type 1 error (alpha = 0.05/6 = 0.008).
For statistical tests of other variables, P < 0.05 was considered statistically
significant. Statistically significant factors determined by single factor analysis
were further analyzed by binary multivariate logistic regression analysis.

RESULTS

All patients with active liver diseases had higher serum SAA levels than healthy
controls and the inactive CHB patients, with the highest SAA level found in
patients with pyogenic liver abscess (398.4 + 246.8 mg/L). Patients with active
AILD (19.73 + 24.81 mg/L) or DILI (8.036 + 5.685 mg/L) showed higher SAA
levels than those with active CHB (6.621 £ 6.776 mg/L) and NASH (6.624 + 4.891
mg/L). Single (P < 0.001) and multivariate logistic regression analyses (P = 0.039)
for the CHB patients suggested that patients with active CHB were associated
with an SAA serum level higher than 6.4 mg/L. Serum levels of SAA and CRP
(C-reactive protein) were positively correlated in patients with CHB (P < 0.001),
pyogenic liver abscess (P = 0.045), and active AILD (P = 0.02). Serum levels of
SAA (0.80-871.0 mg/L) had a broader fluctuation range than CRP (0.30-271.3

mg/L).

CONCLUSION

Serum level of SAA is a sensitive biomarker for inflammatory activity of
pyogenic liver abscess. It may also be a weak marker reflecting milder
inflammatory status in the liver of patients with CHB and other active liver
diseases.

Key words: Serum amyloid A; Liver diseases; Pyogenic liver abscess; Chronic hepatitis B;
Inflammation
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Core tip: Serum amyloid A (SAA) is an acute phase protein known to have diagnostic
and prognostic value in many diseases. However, the SAA level and its clinical
significance in various liver diseases have not been reported. Our study found that serum
level of SAA is a sensitive biomarker for inflammatory activity of pyogenic liver
abscess, and to a less extent, to reflect mild inflammatory status in autoimmune liver
diseases, drug-induced liver injury, chronic active hepatitis B, and nonalcoholic
steatohepatitis. Serum level of SAA can be confounded by various inflammatory
diseases, thus it is not a specific indicator for certain diseases.
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INTRODUCTION

Serum amyloid A (SAA) is an acute phase protein mainly synthesized by the liver!'.
SAA1 and SAA?2 are the major isoforms of acute phase SAA (A-SAA) in humans,
which act on various receptors and signal pathways that participate in the
pathological process of various diseases, with inflammatory, immune regulatory, and
anti-microbial effects!'l. The increase of SAA level is not only a consequence of
inflammation or tissue injury stimulated by inflammatory cytokines and mediators/>,
but also acts as a promoting factor by itself to intensify disease processes. SAA was
found to activate formyl peptide receptor 2 (FPR2)"! and Toll like receptors (TLRs)!"’!
to exert chemotactic effects, and also to promote the synthesis and secretion of other
inflammatory factors!'l. The serum level of SAA fluctuates with the severity of
inflammation in many diseases such as amyloidosis!, chronic obstructive pulmonary
disease”'”l, rheumatoid arthritis”'", atherosclerosis!'?, inflammatory bowel disease!'”,
and certain neoplastic diseases!'*'”], in which SAA has important diagnostic and
prognostic value. Up-regulation of local SAA1 and SAA2 expression in injured tissues
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and cells stimulated by inflammatory mediators was detected in chronic lung
diseases, accompanied by accumulation of macrophages!”'’l.

Long-term inflammatory stimulation occurs in the liver as a consequence of a
variety of disease etiologies including chronic hepatitis B (CHB), and this can lead to
the formation of diffuse liver fibrosis via the activation of hepatic stellate cells (HSCs).
Activated HSCs are the major scar forming cells in the inflamed liver, and they
express a number of fibrogenic signaling pathways which, if unchecked, may further
lead to liver cirrhosis and decompensated cirrhosis with fatal complications. The
activation of HSCs is therefore a central event of liver fibrogenesis and a driver of
cirrhosis. Apart from the important fibrogenic activity of HSCs, they have emerged as
key effectors of the liver’s inflammatory response by regulating leukocyte trafficking
and Kupffer cell recruitment and activation via secretion of cytokines and chemokines.
It has been demonstrated that SAA may effectively activate c-Jun N-terminal kinase
(JNK), Erk, Akt, IxB kinase, and NF-xB in primary human and rat HSCs. These
provide mechanisms by which SAA promotes HSC proliferation and stimulates the
production of inflammatory factors such as MCP-1, RANTES, and MMP9. The
transcription of SAA mRNA has been shown to be significantly elevated in mouse
models of liver fibrosis induced by carbon tetrachloride injection and bile duct
ligation!'”l. However, few studies have reported on the levels of SAA in human liver
disease and the clinical significance of SAA in various liver diseases. In this study,
serum levels of SAA in patients with common liver diseases were examined. The
factors associated with the alteration of SAA levels in chronic liver diseases were
analyzed.

MATERIALS AND METHODS

Study population

This research was approved by the ethics committee of Zhongshan Hospital Affiliated
to Fudan University. The study protocol conformed to the provisions of the
Declaration of Helsinki. Informed consent was obtained from all subjects. A total of
278 patients with different liver diseases and 117 healthy controls from Zhongshan
Hospital Affiliated to Fudan University were enrolled in this study. The patients
include 205 with chronic hepatitis B (146 with inactive hepatitis and 59 with active
hepatitis), 22 with active autoimmune liver disease (AILD; 13 with primary biliary
cholangitis, 6 with autoimmune hepatitis, and 3 with overlap syndromes), 21 with
nonalcoholic steatohepatitis (NASH), 14 with drug-induced liver injury (DILI), and 16
with pyogenic liver abscess. The flow chart of the study is shown in Figure 1.

The diagnosis of liver diseases and their active status were referred to most recent
AASLD guidelines (https:/ /www.aasld.org/publications/ practice-guidelines). The
diagnostic criteria for active hepatitis B included: (1) HBsAg present for no less than 6
months; (2) Serum HBV DNA > 20000 IU/mL in HBeAg-positive CHB and > 2000
IU/mL in HBeAg-negative CHB; and (3) Intermittently or persistently elevated ALT
and/or AST levels, or liver biopsy results showing chronic hepatitis with moderate or
severe necroinflammation. The diagnostic criteria for inactive hepatitis B were: (1)
HBsAg present for no less than 6 months; (2) Serum HBV DNA < 2000 IU/mL; (3)
Persistently normal ALT and/or AST levels; and (4) Liver biopsy or noninvasive test
results showing absence of significant necroinflammation. Individuals in the healthy
control group were people who came to the hospital for medical examination with
negative findings.

The exclusion criteria were: (1) Patients with chronic liver disease caused by viruses
other than HBV and other liver diseases such as genetic liver diseases (e.g.,
hepatolenticular degeneration and hereditary hyperbilirubinemia) and parasitic liver
diseases; (2) Patients who have received immunomodulatory therapy in the past three
months; (3) Patients with advanced malignant tumors except liver cancer; and (4)
Patients with two or more comorbidities that may affect the serum level of SAA,
including systematic inflammation, diabetes, infectious ascites, etc.

Data collection

Peripheral blood tests and other related examinations were provided by the
Laboratory Department of Zhongshan Hospital. Serum SAA level was detected by the
scattering turbidimetry method (OQMP11 Germany/Siemens). The human serum
samples were stored at 4 °C and tested within 24 hours after collection. The upper
normal limits of SAA and CRP in the clinical laboratory of Zhongshan Hospital were
6.4 mg/L and 3 mg/L, respectively. Other clinical parameters including liver function
test and serum CRP level were collected for the analysis of the factors associated with
SAA levels.
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Figure 1 Flow chart of the study. SAA: Serum amyloid A; CRP: C-reactive protein.
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Statistical analysis

Statistical analyses were performed using SPSS22.0 software. Continuous normal
distribution data were analyzed by the t-test to determine the difference between two
groups. Continuous non-normal distribution data were analyzed by the Mann-
Whitney U-test, or the data were grouped based on the normal reference value and
compared by the chi-square test. Enumeration data were analyzed by the chi-square
test. The Spearman’s rank correlation test was used to determine the correlation
between two groups of consecutive non-normal distribution data. Statistically
significant factors determined by single factor analysis were further analyzed by
binary multivariate logistic regression analysis. The Mann-Whitney U test was used to
compare the serum levels of SAA between various liver disease groups and the
healthy control group. Bonferroni method was applied for post hoc comparisons to
control the probability of type 1 error (alpha = 0.05/6 = 0.008). For statistical tests of
other variables, P < 0.05 was considered statistically significant.

RESULTS

Analysis of serum levels of SAA in different groups of subjects

Serum SAA levels in patients with various liver diseases and healthy controls are
shown in Table 1. All patients except those with inactive CHB had higher serum SAA
levels than healthy controls. Specifically, patients with pyogenic liver abscess had the
highest SAA level (mean value: 398.4 + 246.8 mg/L; median value: 413.5 mg/L).
Serum SAA levels in patients with AILD, DILI, and pyogenic liver abscess were
higher than those in patients with active CHB. No difference in SAA levels was found
between patients with NASH and active CHB. No difference between the healthy
control and the inactive CHB patient groups was found by univariate and covariance
(ANCOVA) analyses after adjusting baseline data of gender, age, and CRP level (data
not shown).

Differences in serum levels of SAA and their association factors in patients with

CHB
Two hundred and five patients with CHB (59 active hepatitis and 146 inactive
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Table 1 Serum levels of serum amyloid A in different groups of subjects

. Median (minimum- Z' (compared with healthy P' (compared with health

Subjects (n) mean * SD, (mg/L) . ( (comp . y P (comp . y
maximum), (mg/L) controls/active CHB) controls/ active CHB)

Healthy controls (117) 2,902 +1.801 2.250 (0.797-9.040) - -

Inactive CHB (146) 2.936 +3.092 2.350 (0.800-29.90) -1.129/-7.281 0.259/< 0.001

Active CHB (59) 6.621 + 6.776 4.000 (1.700-39.90) -5.980 <0.001

NASH (21) 6.624 + 4.891 5.500 (2.800-23.00) -4.867 <0.001

Drug-induced liver injury ~ 8.036 + 5.685 6.800 (3.400-26.20) -4.992 <0.001

(14)

Autoimmune liver disease ~ 19.73 + 24.81 13.70 (3.300-108.0) -6.870 <0.001

(22)

Pyogenic liver abscess (16) ~ 398.4 +246.8 413.5 (62.20-871.0) -6.474 <0.001

IMann-Whitney U test was used to compare the serum amyloid A levels between various liver disease groups and the healthy control group, and
Bonferroni test was applied for post hoc comparisons to control the probability of type 1 error (alpha = 0.05/6 = 0.008). CHB: Chronic hepatitis B; NASH:

Nonalcoholic steatohepatitis.

hepatitis) were divided into SAA > 6.4 mg/L and SAA < 6.4 mg/L groups. Single
factor analysis showed that patients with active CHB (y*> = 16.78, P < 0.001, OR =
5.881), ALP =135 U/L (y* = 4.592, P = 0.032, OR = 4.093), and CRP =3 mg/L (y*> =
17.01, P < 0.001, OR = 6.993) were associated with SAA levels higher than 6.4 mg/L
(Table 2). Other liver function parameters, hepatitis B virus markers, and blood
routine test results were not statistically different between the SAA > 6.4 mg/L group
and SAA < 6.4 mg/L group.

Active CHB (P = 0.039, OR = 6.222) was the independent factor associated with
SAA serum levels higher than 6.4 mg/L by binary multivariate logistic regression
analysis (Table 3).

The disease history of the CHB patients ranged from 1 year to 40 years. No
significant difference was found in serum SAA levels between cirrhotic and non-
cirrhotic patients (P = 0.537), or between patients with or without receiving oral
antiviral drugs (P = 0.634). Eighteen of the 59 active hepatitis patients and 82 of the
146 inactive hepatitis patients were receiving antiviral therapy. The types and
proportions of antiviral drugs used by the patients were enticavir (ETV) monotherapy
(58%), adefovir (ADV) monotherapy (12%), ETV and ADV combination therapy (2%),
lamivudine monotherapy (6%), lamivudine and ADV combination therapy (5%),
telbivudine (12%), telbivudine and ADV combination therapy (2%), and TDF
monotherapy (3%). Among patients who were receiving antiviral therapy, patients
with inactive hepatitis (n = 82) had significantly lower blood SAA levels than those
with active hepatitis (n = 18) (Z value = -4.077, P = 0.000) (Table 4).

Correlation between serum levels of SAA and CRP in patients with CHB,
autoimmune liver disease, and pyogenic liver abscess

Spearman's rank correlation test revealed that serum levels of SAA and CRP were
positively correlated in patients with CHB (r = 0.620, P < 0.001), AILD (r = 0.504, P =
0.020), and pyogenic liver abscess (r = 0.508, P = 0.045). Serum levels of SAA (0.80-
871.0 mg/L) displayed a broader fluctuation range than CRP (0.30-271.3 mg/L) (Table
5). We found no significant correlation between CRP and SAA levels in patients with
DILL

DISCUSSION

SAA and liver diseases

In this study, the serum levels of SAA in patients with different liver diseases were
investigated and the association factors were analyzed. Patients with pyogenic liver
abscess, active AILD, DILI, NASH, and active CHB were found to have higher serum
SAA levels than patients with inactive CHB and healthy controls. The results extend
the diagnostic and prognostic value of SAA as a sensitive inflammatory marker in
liver diseases, especially liver abscess.

Patients with pyogenic liver abscess had the highest blood levels of SAA, which can
be hundred times higher than those of inactive CHB and healthy controls. This may
be due to a systemic release of inflammatory factors in the context of bacterial
infection, which in turn may stimulate the production of SAA, forming a positive
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Table 2 Single factor analysis of serum levels of serum amyloid A in patients with chronic hepatitis B

SAA < 6.4 mglL SAA 2 6.4 mg/L
Factor Positive casesltotal cases  Positive cases/total cases X7t value'  Pvalue  OR (95%Cl)

(%) (%)
Female 39/182 (21.4%) 6/23 (26.1%) 0.259 0.611 1.294 (0.478-3.503)
Age (y1) 4787 +13.17 49.26 +14.476 0471 0.638 .
ALT240U/L 53/178 (29.8%) 7/22 (31.8%) 0.039 0.844 1,101 (0.424-2.854)
AST235U/L 68/178 (38.2%) 7/22 (31.8%) 0.340 0.560 0.755 (0.293-1.946)
V-GT245U/L 60/178 (33.7%) 9/22 (40.9%) 0.449 0.503 1.362 (0.551-3.365)
ALP>135U/L 12/179 (6.70%) 5/22 (22.7%) 4592 0.032 4,093 (1.288-13.011)
Elevated ALP or y-GT level 63/178 (35.4%) 10/22 (45.5%) 0.855 0.355 1.521 (0.622-3.718)
AFP 20 ng/mL 16/173 (9.2%) 3/22 (13.6%) 0.074 0.786 1.549 (0.413-5.810)
A/G<12 32/177 (18.1%) 7/22 (31.8%) 1.553 0.213 2.115 (0.797-5.608)
Active CHB 44/182 (24.2%) 15/23 (65.2%) 16.78 <0001 5881 (2337-14.797)
Child-Pugh grade B or C 19/182 (10.4%) 6/23 (26.1%) 3322 0.068 1.212 (0.946-1552)
Complicated by UGIB 5/152 (3.29%) 1/20 (5.00%) 0.000 1.000 1.547 (0.172-13.959)
Complicated by HE 4/152 (2.63%) 1/20 (5.00%) 0.000 1.000 1.947 (0.207-18.343)
Complicated by ascites 19/152 (12.5%) 6/20 (30.0%) 3.062 0.080 3.000 (1.029-8.749)
Complicated by UGIBor HEor 23152 (15.1%) 6/20 (30.0%) 1.828 0.176 2.404 (0.838-6.898)
ascites
Complicated by HCC 28/182 (15.4%) 3/23 (13.0%) 0.000 1.000 0.825 (0.230-2.963)
CRP >3 mg/L 5/35 (14.3%) 7/7 (100%) 17.01 <0001 6993 (3.106-15.873)
HBsAg 160/168 (95.2%) 20/22 (90.9%) 0.121 0.728 0.500 (0.099-2.521)
HBV DNA 2 2000 [U/mL 43/177 (24.3%) 4/21 (19.0%) 0.285 0.593 0.733 (0.234-2.297)
Received antiviral therapy 87/162 (53.7%) 13/22 (59.1%) 0227 0.634 1.245 (0.504-3.076)

IContinuous normal distribution data were analyzed by the t-test to determine the difference between two groups. Enumeration data were analyzed by the
chi-square test to analyze the difference between groups. ALT: Alanine transaminase; AST: Aspartate transaminase; y-GT: y-glutamyltransferase; ALP:
Alkaline phosphatase; AFP: Alpha-fetoprotein; A/G: Albumin/ globulin ratio; HCC: Hepatocellular carcinoma; CRP: C-reactive protein; UGIB: Upper
gastrointestinal bleeding; HE: Hepatic encephalopathy; SAA: Serum amyloid A; CHB: Chronic hepatitis B.
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feedback loop to amplify inflammation.

The performance of SAA in reflecting liver inflammation and fibrogenesis was also
tested in non-abscess liver diseases with milder inflammatory status such as CHB. By
single factor analysis of 205 patients with CHB, it was observed that serum SAA levels
were significantly higher in patients with active CHB than in those with inactive CHB.
Patients with active CHB have intermittently or persistently elevated ALT and/or
AST levels, which are markers reflecting hepatocyte and biliary destruction. Elevated
serum levels of ALP and/or y-GT usually indicate impaired biliary drainage. Studies
have shown that ALP has a higher specificity than y-GT in the diagnosis of
cholestasis!'”l. In the present study, the elevation of ALP level, rather than y-GT, was
associated with higher SAA levels by single factor analysis. The association between
SAA and cholestasis and the underlying mechanisms warrant further investigation.

Serum SAA level has been found to be an indicator of disease activity in
autoimmune diseases such as rheumatoid arthritis!'’l. SAA participates in the disease's
progression by promoting formation of synovial pannus and inducing local synthesis
of cytokines and chemokines!'"l. In this study, serum levels of SAA in patients with
autoimmune liver disease were also remarkably increased, indicating that SAA may
also exert pro-inflammatory properties and be involved in the pathological process of
autoimmune responses in the liver.

It can also be concluded that SAA lacks specificity in the judgment of disease
activity. The analysis of serum SAA level can be complicated by other local or
systemic inflammatory diseases such as pyogenic liver abscess and inflammatory
bowel disease. It is therefore necessary to consider the patient's disease status
systemically when using SAA as a parameter of the disease activity of aforementioned
liver diseases.

SAA and CRP
Similar to SAA, CRP is also an acute phase protein produced by the liver, with a half-
life of 46.4 £ 21.7 h compared with 34.9 + 28.7 h for SAA!"!. IL-1, IL-6, and TNF-a
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Table 3 Multivariate analysis of serum levels of serum amyloid A in patients with chronic

hepatitis B
Factor Regression coefficient P value OR 95%Cl
Active CHB 1.828 0.039 6.222 1.095-35.36

CHB: Chronic hepatitis B.

stimulate the production of SAA as well as CRP in the liver™!. CRP is not sensitive in
the detection of liver injury and dysfunction in clinical practice. Comparative studies
have demonstrated that SAA has a higher sensitivity and specificity, as well as a
broader range of serum level than CRP in viral inflammation!, infection after kidney
transplantation™, acute appendicitis, and inflammatory bowel disease!*). The present
study demonstrated that serum levels of SAA were positively correlated with CRP
levels in patients with CHB, AILD, and pyogenic liver abscess. SAA has a broader
range of serum levels than CRP in liver diseases and thus is a more sensitive and
better indicator to capture mild inflammation!!l.

There may be functional similarity and difference between CRP and SAA in liver
diseases. Many studies have reported the pro-inflammatory effects of CRP*,
Intraperitoneal injection of CRP in rats resulted in a significant increase in superoxide
anion, NF-kB activity, and the release of biomarkers of inflammation from
macrophages®l. In vitro, the expression of intercellular cell adhesion molecule-1
(ICAM-1) remarkably increased in human umbilical vein endothelial cells and human
coronary artery endothelial cells stimulated by CRP. CRP also promotes MCP-1
production. Similarly, SAA promotes the synthesis of inflammatory factors, and
strengthens the inflammatory response as aforementioned, but with an additional
property to stimulate HSC activities during liver injury and hepatitis. SAA may be a
potential fibrogenic factor that dynamically changes with liver fibrogenesis.

SAA and active CHB

By single and multivariate logistic regression analyses, it was revealed that active
CHB was the independent factor associated with SAA serum levels higher than 6.4
mg/L among CHB patients. Oral antiviral drug treatment itself was not associated
with significant changes of SAA level. Among patients who were receiving antiviral
drugs, those with inactive hepatitis had lower blood SAA levels than patients with
active hepatitis, albeit their mean level of SAA (6.289 + 6.042 mg/L) was under the
upper normal limit. This may reflect a confounded status of insufficient or ineffective
antiviral therapy in these active CHB patients, and is in line with the result that
patients with active CHB had higher levels of SAA than those with inactive CHB.
Piotti et al*”! showed immunopositivity for SAA protein in the liver biopsy specimens
of hepatitis C and B patients with active chronic hepatitis and early fibrosis. The
functional impact of SAA in the progression of chronic hepatitis B and various other
liver diseases warrants further studies.

Single factor analysis in this study showed that SAA level > 6.4 mg/L was not
associated with albumin/globulin ratio, globulin level, aspartate aminotransferase-to-
platelet ratio index score, Child-Pugh score/grade, or major complications of cirrhosis
such as upper gastrointestinal bleeding, hepatic encephalopathy, or ascites in CHB
patients. These results are in line with the inflammatory property of SAA, and thus
the increase coordinates with active hepatitis, rather than cirrhosis.

Although there was no statistical difference of SAA levels in patients with ascites
alone compared with patients without ascites by continuous calibration chi-square
test (P = 0.080), the OR value of SAA levels above 6.4 mg/L in patients with ascites
alone was found to be 3.000 (95%CI: 1.029-8.749; Table 2). This may be due to the
slight inflammatory state in patients with ascites, or the small sample size. Follow-up
studies may expand the research by enrolling patients with spontaneous bacterial
peritonitis.

The positive rates and quantitative values of HBV markers were not associated
with SAA levels. There was also no difference of SAA levels in patients with or
without receiving antiviral therapy. HBV markers are important in reflecting viral
infection status and viral replication activity, whereas the carrying and amplification
of HBV alone may not induce immune response that causes liver injury and
inflammation.

Summary

Serum level of SAA is a sensitive biomarker for the inflammatory activity of pyogenic
liver abscess, and to a lesser extent can reflect the mild inflammatory status of AILD,
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Table 4 Comparison of serum amyloid A levels between active and inactive chronic hepatitis B patients with oral antiviral therapy

Status of patients with antiviral therapy n  mean * SD of SAA (mg/L) Average rank of SAA Z' value P value
Active CHB 18 6.289 +6.042 74.92 -4.077 0.000
Inactive CHB 82  3379+4.726 44.46

The Mann-Whitney U test was used to compare the serum amyloid A levels between various liver disease groups. SAA: Serum amyloid A; CHB: Chronic
hepatitis B.

DILI, CHB, and NASH. SAA lacks specificity in the judgment of inflammatory
diseases. It is therefore necessary to comprehensively consider the patient's systemic
status before making judgment.
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Table 5 Correlation of serum amyloid A and C-reactive protein levels among patients with various liver diseases

SAA (mglL) CRP (mg/L) 1Spearman’s rank
Disease Median (minimum- Median (minimum- correlation coeffi- P value

mean * SD . mean * SD . cient

maximum) maximum)

CHB 3.984 +4.743 3.250 (0.80-39.90)  4.398 £6.522 1.500 (0.30-25.40)  0.620 <0.001
Autoimmune liver 19.73 £ 24.81 13.70 (3.30-108.0)  9.633£5.977 9.100 (1.20-19.60)  0.504 0.020
disease
Pyogenic liver 398.4 % 246.8 4135 (62.20-871.0)  138.8%57.46 141.1 (22.90-271.3)  0.508 0.045
abscess
Drug-induced liver 8.036 £ 1.519 6.800 (3.40-26.20)  6.490 £2.616 2.850 (0.30-25.30)  0.219 0.544

injury

IThe Spearman’s rank correlation test was used to determine correlation between groups. SAA: Serum amyloid A; CRP: C-reactive protein.

ARTICLE HIGHLIGHTS

Research background

Serum amyloid A (SAA) is an acute phase protein mainly synthesized by the liver, which
participates in the pathological process of a variety of inflammatory diseases. Immune and
inflammatory responses participate in chronic liver injuries and fibrogenesis of various liver
diseases including chronic hepatitis B (CHB) via activating hepatic stellate cells (HSCs), the key
fibrogenic cells in the liver. It has been demonstrated that SAA induces inflammatory phenotype
and promotes cell proliferation in activated HSCs. However, few studies have been reported on
the serum levels of SAA in human liver diseases. It is of interest to investigate the diagnostic
value and clinical significance of serum SAA level in patients with inflammatory liver diseases.

Research motivation

Few studies have been reported on the serum level of SAA and its clinical significance in human
liver diseases. Yet many studies have demonstrated that the increase of serum SAA level is not
only a consequence of inflammation or tissue injury, but also a promoting factor by itself to
intensify the disease process. It has been reported that the transcription of SAA in the liver was
significantly elevated in mouse models of liver fibrogenesis. SAA induces inflammatory
phenotype and promotes cell proliferation in activated HSCs. The present study aimed at
investigating the clinical significance of serum SAA levels in various liver diseases. The results
will help to delineate whether SAA level may serve as an indicator of liver inflammation and
fibrogenesis, and the potential impact of SAA on the diseases’ progression. The upstream
regulation of SAA expression in various liver diseases will also be of great interest.

Research objectives
The main objective of this study was to investigate the serum levels of SAA in patients with
various liver diseases, especially chronic hepatitis B, and analyze the factors associated with the
alteration of SAA levels.

Research methods

Two hundred and seventy-eight patients with different liver diseases and 117 healthy controls
were enrolled in this study. The patients included 205 with chronic hepatitis B (CHB), 22 with
active autoimmune liver disease (AILD), 21 with nonalcoholic steatohepatitis (NASH), 14 with
drug-induced liver injury (DILI), and 16 with pyogenic liver abscess. The Mann-Whitney U test
was used to compare the serum SAA levels of patients with various liver diseases and those of
healthy controls. Bonferroni test was applied for post hoc comparisons to control the probability
of type 1 error. Serum levels of SAA and other clinical parameters were collected for the analysis
of the factors associated with SAA levels. The 205 patients with CHB (59 active hepatitis and 146
inactive hepatitis) were divided into SAA > 6.4 mg/L and SAA < 6.4 mg/L groups. The t-test or
Chi-square test was used to perform single factor analysis of serum levels of SAA in patients
with CHB. Then multivariate analysis was used to determine the independent risk factors for
high serum levels of SAA in patients with CHB. Finally, the Spearman’s rank correlation test was
used to determine correlation of SAA levels and CRP among patients with different liver
diseases.

Research results

All patients except those with inactive CHB had higher serum SAA levels than healthy controls.
Specifically, patients with pyogenic liver abscess had the highest SAA level (mean value: 398.4 +
246.8 mg/L; median value: 413.5 mg/L). The serum SAA levels in patients with AILD, DILI, and
pyogenic liver abscess were higher than those in patients with active CHB. Active CHB (y* =
16.78, P < 0.001, OR = 5.881), ALP > 135 U/L (y* = 4.592, P = 0.032, OR = 4.093), and CRP > 3
mg/L (> = 17.01, P < 0.001, OR = 6.993) were associated with SAA levels higher than 6.4 mg/L.
Active CHB (P = 0.039, OR = 6.222) was the independent factor associated with SAA serum
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levels higher than 6.4 mg/L by binary multivariate logistic regression analysis. Serum levels of
SAA and CRP were positively correlated in patients with CHB (r = 0.620, P < 0.001), AILD (r =
0.504, P = 0.020), and pyogenic liver abscess (r = 0.508, P = 0.045). Serum levels of SAA (0.80-
871.0 mg/L) displayed a broader fluctuation range than CRP (0.30-271.3 mg/L).

Research conclusions

It was found in the present study that serum level of SAA is a sensitive biomarker for the
inflammatory activity of pyogenic liver abscess, and to a lesser extent can reflect the mild
inflammatory status of AILD, DILI, CHB, and NASH. SAA lacks specificity in the judgment of
inflammatory diseases. It is therefore necessary to comprehensively consider the patient's
systemic status before making judgment.

Research perspectives

Previous studies and our data have showed that SAA participates in inflammatory response in
human liver diseases. It may own an additional property to stimulate HSC activities during
chronic liver injury and hepatitis. We speculate that SAA may be a potential fibrogenic factor
that dynamically changes during liver fibrogenesis. The value of SAA detection in monitoring
the prognosis of liver abscess and other liver diseases, the potential impact and underlying
mechanisms of SAA on liver diseases” progression, the upstream regulation of SAA expression
in various liver diseases, and whether SAA may become a treatment target for inflammatory
liver diseases warrant further investigation.
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