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Abbreviations 

ALI: acute liver injury; ALT: alanine aminotransferase; APAP: acetaminophen; AST: aspartate 

aminotransferase; CCl4: carbon tetrachloride; DAMPs: damage-associated molecular patterns; 

HMGB-1: high-mobility group protein B-1; IL-1β: interleukin-lβ; IL-6: interleukin-6;  NF-κB: 

nuclear factor of kappa B; NLRP3: NOD-like receptor family pyrin domain containing 3; Prdx1: 

Peroxiredoxin-1; PRRs: pattern recognition receptors; rPrdx1: recombinant Peroxiredoxin-1; TBIL: 

total bilirubin; TLRs: Toll-like receptors; TNF-α: tumor necrosis factor-α. 
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Abstract 

Sterile inflammation is initiated by damage-associated molecular patterns (DAMPs) and a key 

contributor to acute liver injury (ALI). However, the current knowledge on those DAMPs that 

activate hepatic inflammation under ALI remains incomplete. We report here that circulating 

peroxiredoxin-1 (Prdx1) is a novel DAMP for ALI. Intraperitoneal injection of acetaminophen 

(APAP) elicited a progressive course of ALI in mice, which was developed from 12 to 24 hours post 

injection along with liver inflammation evident by macrophage infiltration and upregulations of 

cytokines (IL-1β, IL-6 and TNF-α); these alterations were concurrently occurred with a robust and 

progressive production of serum Prdx1. Similar observations were also obtained in 

carbon tetrachloride (CCl4)-induced ALI in mice. Removal of the source of serum Prdx1 protected 

mice deficient in Prdx1 from APAP and CCl4-induced liver injury, and decreased macrophage 

infiltration, IL-1β, IL-6 and TNF-α production. As a result, Prdx1-/- mice were strongly protected 

from APAP-induced death that was likely progressed from ALI. Additionally, intravenous 

re-introduction of recombinant Prdx1 (rPrdx1) in Prdx1-/- mice reversed or reduced all the above 

events, demonstrating an important contribution of circulating Prdx1 to ALI. rPrdx1 potently 

induced in primary macrophages the expression of pro-IL-1β, IL-6, TNF-α, and IL-1β through the 

NF-κB signaling as well as the NOD-like receptor family pyrin domain containing 3 (NLRP3) 

inflammasome signaling, evident by caspase-1 activation. Furthermore, a significant elevation of 

serum Prdx1 was demonstrated in patients (n=15) with ALI; the elevation is associated with ALI 

severity. Collectively, we provide the first demonstration for serum Prdx1 contributing to ALI. 

 

Keywords 

Peroxiredoxin-1; acute liver injury; DAMPs; inflammation; NLRP3 
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1. Introduction 

 

Acute liver injury (ALI) is mainly caused by hepatotoxic drugs, toxins and viral infection [1,2]. 

Hepatoxicity is the leading cause for drug withdrawal during development. ALI remains a major 

health issue; it can progress to liver failure and life-threatening conditions with little effective 

treatment. While the etiology underlying ALI remains incompletely understood, evidence supports a 

major role of damage-associated molecular patterns (DAMPs) in the disease pathogenesis [3-9]. 

DAMPs are molecules or signals released from damaged cells [10-14]; liver injury produces 

DAMPs which induce hepatic sterile inflammation via activating immune cells expressing pattern 

recognition receptors (PRRs) [9,15], including toll-like receptors and the NOD-like receptor family 

pyrin domain containing 3 (NLRP3), which leads to the production of inflammatory cytokines 

(IL-1β, IL-6 and TNF-α). Although much progress has been made in the understanding of sterile 

inflammation-contributed ALI, the role of specific DAMPs in ALI pathogenesis and the underlying 

mechanisms remain poorly defined. 

Peroxiredoxin-1 (Prdx1) is a small protein (23kD) in the Peroxiredoxins family [16,17]; the 

family consists of ubiquitously expressed enzymes that reduce peroxide levels [18]. Prdx1 was 

discovered twenty years ago, and is well-known for its protective roles in many diseases such as 

aging, neurodegenerative diseases and cancers via anti-oxidative capability [19-24]. The protection 

is widely regarded to be attributable to Prdx1-derived anti-oxidant activities. Surprisingly, a 

significant elevation of Prdx1 in serum of patients with non-small cell lung cancer was observed 

[25]; additionally, evidence indicates that intracellular Prdx1 is released to the extracellular space in 

response to stimuli including TGF-β1, LPS and TNF-α [26-28]. Unexpectedly, extracellular Prdx1 

has recently been identified as a novel DAMP attributed to its pro-inflammatory property via 
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binding to Toll-like receptor (TLR) 2/4 [29,30]. Extracellular Prdx1 substantiates 

ischemia-reperfusion-induced brain injury [31]. 

ALI is associated with extensive hepatocyte damage and thus several DAMPs, including 

high-mobility group protein B-1 (HMGB-1) [32,33], mitochondrial DNA [34,35] and heat shock 

protein [36]. As Prdx1 is a novel DAMP, we thought that Prdx1 plays a role in facilitating ALI. This 

possibility is supported by the observations that Prdx1 was released into the circulation in ischemic 

brain injury [31,37] and acute lung injury [38,39] and that circulating Prdx1 functions as a DAMP 

in promoting inflammation under these acute tissue injures. 

We report here a significant elevation of circulating Prdx1 in mice with ALI caused by 

acetaminophen (APAP) or carbon tetrachloride (CCl4). Circulating Prdx1 induces inflammation in 

part through the production of pro-inflammatory cytokines (IL-1β, IL-6 and TNF-α) involving the 

NF-κB and NLRP3 inflammasome signaling. Furthermore, an increase in circulating Prdx1 was 

also detected in patients with ALI. Collectively, our research supports Prdx1 as a novel DAMP in 

the pathogenesis of ALI. 

 

2. Materials and Methods 

 

2.1. Human Subjects 

 

This study was approved by the Ethics Committee of Xiangya Hospital, Central South University 

with consent for all patients. Serum samples from normal subjects and patients with ALI or liver 

cirrhosis were accordingly obtained. The inclusion criteria were defined as previously reported [40]. 

Briefly, patients with ALI were recruited based on the criteria: 1) alanine aminotransferase (ALT) 
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level ≥5× the upper limit of normal (ULN); 2) alkaline phosphatase level ≥2× the ULN or ALT 

level ≥3× the ULN accompanied by a total of bilirubin (TBIL) level ≥2× the ULN. Additional 

clinical characteristics are shown in Table 1-2. 

 

2.2. Materials 

 

APAP was purchased from Sangon Biotech (#A506808, Shanghai, China) and dissolved in 0.9% 

saline. CCl4 was obtained from Aladdin (#C1120430, Shanghai, China) and dissolved in olive oil. 

NF-κB inhibitor BAY117082 (BAY, #S2913), LPS inhibitor Polymyxin B (PMB, #S1395) and 

NLRP3 inhibitor MCC950 (#S7809) were requested from Selleck (Shanghai, China). Human Prdx1 

ELISA kit was provided by Abnova (#KA0536, Taipei City, Taiwan). Mouse Prdx1 ELISA kit was 

purchased from CUSABIO (#CSB-EL018653MO, Hubei, China). Mouse ELISA kits for IL-1β 

(#MLB00C), IL-6 (#M6000B) and TNF-α (#MTA00B) were purchased from R&D Systems 

(Minneapolis, USA). 

Recombinant Prdx1 (rPrdx1) was obtained from Abnova (#P4543, Taipei City, Taiwan). The 

full-length rPrdx1 was generated by using an Escherichia coli expression system with purity more 

than 95% (http://www.abnova.com). 

 

2.3. Mouse Models  

 

Prdx1-knockout (Prdx1-/-) C57BL/6J mice were generated in our laboratory using the 

CRISPR/Cas9 technique (Supplementary Fig.1). Eight to ten weeks old male Prdx1-/- and wild type 

(WT) mice were used. Animal care was provided in compliance with the Guidelines for the Care 
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and Use of Laboratory Animals published by the National Institutes of Health (NIH). Experimental 

protocols were approved by the Ethics Review Committee for Animal Experimentation of Central 

South University. Mice were maintained in SPF-class housing of laboratory under a 12-hour 

dark/12-hour light cycle with free access to food and water unless otherwise indicated. 

APAP-induced ALI model was generated by intraperitoneal (i.p.) injection of APAP into WT and 

Prdx1-/- mice at a lethal dose (750mg/Kg) once and observed for 7 days. Animals were also injected 

with a sub-lethal dose (500mg/Kg) once and sacrificed 12 or 24 hours later. 

CCl4-induced ALI model was produced by i.p. injection of a CCl4 mixture of olive oil: CCl4 (3:1; 

2ml/Kg) once and sacrificed after 2, 4 or 7 days.  

CCl4-induced model for chronic liver injury was obtained through i.p. injection of the CCl4 

mixture at 2ml/Kg twice a week for 4, 6 or 8 weeks. 

 

2.4. Histological and Immunohistochemical Analysis 

 

Mouse liver tissue specimens were fixed in 4% neutral buffered formalin, and embedded in 

paraffin. The paraffin-embedded sections (4µm) were stained with hematoxylin and eosin (H&E), 

Masson’s trichrome or Sirius red, as previously described [41]. For the immunohistochemical 

analysis of Prdx1 (#ab15571, Abcam, Cambridge, UK) and F4/80 (#CI-A3-1, Novus Biologicals, 

Minneapolis, USA) expression, endogenous peroxidase activity was blocked for 20 min, and the 

tissues were subjected to antigen retrieval with 6.5 mM citrate buffer (pH 6.0) for 15 min in a 

microwave, after which the slides were incubated with a primary antibody (1:200 for Prdx1, 1:100 

for F4/80) overnight at 4°C. After immunostaining for DAB, the sections were counterstained with 

hematoxylin. Two independent pathologists blindly performed histological assessments.  
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2.5. Assessment of Liver Function  

 

Liver function was evaluated using blood samples from each mouse at the end of the experiment 

duration. Liver function measurements were performed using theAU680 Chemistry System 

(Beckman Coulter Inc., USA) in the clinical laboratory of Xiangya Hospital, Central South 

University. 

 

2.6. Isolation and Culture of Primary Peritoneal Macrophages 

 

Primary peritoneal macrophages were isolated from WT mice as previously described [42], and 

cultured in RPMI 1640 medium (Life Technologies, Grand Island, NY) supplemented with 10% 

fetal bovine serum (FBS), 100U/ml penicillin and100U/ml streptomycin at 37°C in an atmosphere 

of 5% CO2. Primary peritoneal macrophages were pre-incubated with BAY (50µM), PMB, 

(10µg/ml) or MCC950 (10µM) for one hour and then exposed to recombinant Prdx1 (rPrdx1) for 

hours as designed. 

 

2.7. Isolation and Culture of Primary Mouse Hepatocytes 

 

Primary mouse hepatocytes were isolated from male C57BL/6J mice (aged8–10 weeks) by a 

non-reticulating perfusion of livers with 0.05% Collagenase Type IV (#C5138, Sigma, St Louis, 

MO). Hepatocytes were purified by repeated centrifugation at 50g and seeded in 12-well plates with 

Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% FBS, 100U/ml penicillin 
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and 100U/ml streptomycin at 37°C in a humidified atmosphere of 5% CO2 overnight. Hepatocytes 

were then incubated in FBS-free medium and treated with or without different doses of APAP for 

6-24 hours. The culture mediums were collected to measure the released Prdx1 by an ELISA kit 

according to the manufacturer’s instructions. Experiments using primary hepatocytes were 

performed 24 to 48 hours after isolation and harvested within 72 hours. 

 

2.8. ELISA and Measurement of MDA  

 

Serum and cellular supernatant levels of Prdx1, IL-β, IL-6, and TNF-α were measured by ELISA 

kits. Serum malondialdehyde (MDA) level was detected by TBARS kit from R&D Systems 

(#KGE013, Minneapolis, USA). These experiments were performed according to the 

manufacturer’s instructions. 

 

2.9. Western-blotting Analysis 

 

Protein extracted from fresh liver tissues or cultured cells were separated on 10-12% 

SDS-polyacrylamide gels and then transferred onto polyvinylidene difluoride membranes 

(Millipore, Darmstadt, Germany), which were incubated with antibodies against Prdx1 (1:5000, 

#ab15571, Abcam, Cambridge, UK), NLRP3 (1:1000, #AG-20B-0014, Adipogen, San Diego, 

USA), pro-IL-1β (1:800, #sc-7884, Santa Cruz, Dallas, USA), IL-1β (1:800, #sc-7884, Santa Cruz, 

Dallas, USA), pro-caspase-1 (1:500, #sc-56036, Santa Cruz, Dallas, USA), caspase-1 (1:500, 

#sc-56036,Santa Cruz, Dallas, USA) and GAPDH (1:5000, #G9295, Sigma-Aldrich, Darmstadt, 

Germany) overnight at 4°C before being hybridized with HRP-conjugated secondary antibodies for 
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1 hour at room temperature. The bands were visualized by an ECL kit and quantified with 

BandScan 5.0 Software (Glyko, Novato, CA). The full-length and cleaved forms of the proteins 

were distinguished by molecular weight [43]: pro-IL-1β is 31kD, IL-1β is 17kD; pro-caspase-1 is 

45kD, caspase-1 is 10kD. 

 

2.10. Analysis of mRNA Expression 

 

Real-time PCR analysis was performed as previously described [44]. Total RNA were isolated 

from liver tissues using TRIzol reagent according to the manufacturer’s instructions. First-strand 

cDNA was synthesized from 2µg of total RNA in a 20µl reaction using reverse transcriptase 

(Fermentas, MD). The specific primers for Prdx1-6, inflammatory cytokines (IL-1β, IL-6, TNF-α) 

and β-actin (Supplementary Table 1) were synthesized by Sangon Biotech (Shanghai, China). The 

expression levels of specific mRNAs in each sample were calculated from the standard curve and 

normalized to β-actin mRNA expression. The comparative 2△△− CT method was used for 

quantification and statistical analysis. 

 

2.11. Statistical Analysis 

 

All data are expressed as the mean±SD. Statistical analysis was performed with SPSS 22.0 

software (SPSS, Chicago, IL). Comparisons between groups were made with one-way ANOVA, 

and linear correlations were analyzed by Pearson’s correlation coefficient. The Kaplan–Meier 

method was used to assess the differences in survival between the groups. P<0.05 was considered 

statistically significant. 
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3. Results 

 

3.1. A significant elevation of circulating Prdx1in mice with ALI induced by APAP or CCl4 

 

An increase in circulating Prdx1 was previously detected in mice with ischemic brain injury [45] 

and acute lung injury [39]; the released extracellular Prdx1 functioned as a DAMP by inducing 

sterile inflammation and thus contributed to the tissue injuries [29,31,37,38,46]. These observations 

suggest a potential contribution of circulating Prdx1 to ALI. APAP is a common drug causing ALI 

in humans [47] and has been widely used in studies for drug-induced ALI in mice. To investigate a 

potential production of Prdx1 in the circulation of mice with ALI, we have i.p. injected APAP 

(500mg/Kg) into C57/BL6 mice and examined liver injury 12 or 24 hours later. Liver injury 

occurred at 12 hours post injection (Fig 1A-C); severity of the injury progressed from 12 hours to 

24 hours, evident by an increase of the region with centrilobular necrosis (Fig1A) and an elevation 

of serum ALT (Fig1B) at 24 hours compared to 12 hours. The kinetics of liver damage caused by 

APAP injection in this study was comparable to APAP-induced liver injury reported by others 

[48,49]. Importantly, we detected a significant increase in serum Prdx1 in mice at 12 hours 

following APAP injection, which was further increased at the 24 time point (Fig 1D). 

To further support the upregulation of serum Prdx1 in mice with ALI, we have induced liver 

damage in C57/BL6 mice by one time i.p. injection of CCl4 (2ml/Kg) and examined liver injury in a 

period of 2, 4, and 7 days. A transient liver injury was evident at day 2 based on increases in 

hepatocyte necrosis (Fig 1E), serum ALT (Fig 1F), and serum AST (Fig 1G), which was followed 

by a recovery phase from day 4 onward (Fig 1E-G). These results are in accordance with the 
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knowledge that CCl4 in an acute setting caused ALI, which was healed subsequently [50,51]. As 

observed in mice with ALI induced by APAP, a significant increase in circulating Prdx1 was 

detected in CCl4-treated mice with liver damage but not in those recovered (Fig 1H). APAP and 

CCl4 induce ALI with different mechanisms [52]; the detection of serum Prdx1 in two different 

mouse models for ALI strongly suggests its general involvement in ALI. This concept is further 

supported by the lack of an elevation of circulating Prdx1 in mice with chronic administration of 

CCl4 twice per week for 8 weeks (Supplementary Fig 2). 

 

3.2. Serum Prdx1 contributes to ALI 

 

The common detection of serum Prdx1 in ALI caused by different mechanisms (Fig 1D, H) 

indicates circulating Prdx1 being physiologically relevant to ALI. This potential functionality can 

be tested using a neutralization antibody to serum Prdx1. However, this reagent is not currently 

available. We thus took a genetic approach to address this issue. A mouse line deficient in Prdx1 

was generated using the CRISPR-Cas9 technology. Prdx1-/- mice do not express Prdx1 in multiple 

organs examined, including the liver (Supplementary Fig 1). Prdx1-/- mice are viable, fertile, and 

healthy at age at least up to 8 months, which is consistent with the reported anemia development in 

aging Prdx1-/- mice (9 months and older) [24]. 

With the availability of Prdx1-/- mice, we determined the impact of Prdx1 on ALI. Prdx1-/- male 

(8-10 weeks old) and age-matched C57/BL6 mice were induced for ALI by one time i.p. injection 

of APAP (500 mg/Kg), and observed at 12 hours and 24 hours post injection. In comparison to 

C57/BL6 mice, Prdx1-/- mice displayed less hepatocyte necrosis (Fig 2A), and reduced the levels for 

all liver damage indicators examined: serum ALT (Fig 2B), serum aspartate aminotransferase (AST) 
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(Fig 2C), TBIL (Fig 2D), and direct bilirubin (DBIL, Fig 2E) at both 12 and 24 hours post injection. 

Prdx1-/- mice were also protected from CCl4-induced ALI, evident by significantly decreases in 

hepatocyte necrosis, serum ALT, serum AST, and TBIL in Prdx1-/- mice at 2 days following CCl4 

injection (Fig 3A-E). While the protection remains incomplete, the fact that the protection occurred 

in Prdx1-/- mice subjected to ALI by different mechanisms (APAP and CCl4) along with dramatic 

upregulations of circulating Prdx1 under these ALI conditions support a general role of serum Prdx1 

in promoting ALI. This protection was unlikely due to possible compensations by other members of 

Prdxs which might be resulted from Prdx1 deficiency, as Prdx2, Prdx3, Prdx4, Prdx5, and Prdx6 

were expressed at comparable levels in WT and Prdx1-/- mice (Supplementary Fig 3). 

To further examine the above concept, we have investigated the effects of Prdx1 deficiency on 

chronic liver damage induced by CCl4. Unlike in the CCl4-induced ALI model in which hepatocyte 

necrosis occurred (Fig 1E), persistent administration of CCl4 in C57/BL6 mice caused extracellular 

matrix deposition, revealed by increases in hepatic Masson staining (Supplementary Fig 4A), and 

induced liver fibrosis, evident by elevations in fibrotic score (Supplementary Fig 4B). Additionally, 

in this experimental duration, prolonged CCl4 administration did not elicit significant liver damage 

in C57/BL6 mice based on the serum levels of ALT and AST (Supplementary Fig 4C). Interestingly, 

knockout of Prdx1 did not affect all aforementioned events (Supplementary Fig 4A-C). Collectively, 

the observed specificity of Prdx1 in facilitating ALI but not chronic liver injury is in line with a 

general involvement of serum Prdx1 in ALI. 

 

3.3. Characterization of serum Prdx1-derived promotion of ALI 

 

To directly study whether the protection in Prdx1-/- mice was attributable to the lack of circulating 
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Prdx1, we obtained rPrdx1 from Abnova (Taipei City, Taiwan) according to previous report [53]. 

Prdx1-/- mice were subsequently induced for ALI by APAP using the 24 hour-setting in the presence 

and absence of rPrdx1 (200 ng/mouse); vehicle (PBS) and rPrdx1 were intravenously delivered 

following i.p. injection of APAP. The use of rPrdx1 at dose of 200 ng/mouse rPrdx1 was based on 

several considerations; 1) the maximal level of serum Prdx1 detected in APAP-treated mice was 

approximately 30 ng/ml (Fig 1D); 2) mice have approximately 58.5 ml blood/kg on average 

(https://www.google.com/search, search term: mouse blood volume ml/kg); 3) for 8-10 weeks old 

males with an average 1.5 ml blood (25g/1000 x 58.5), 200 ng rPrdx1 was equivalent to 133 ng/ml, 

which was 4.4 (133/30) fold of endogenous circulating Prdx1; 4) it was likely that rPrdx1 was not 

as active as endogenous circulating Prdx1, 200 ng/ml rPrdx1 was likely within a physiological 

range; and 5) this dose could produce the maximal impact on the survival of Prdx1-/- mice on 

APAP-derived toxicity (see section 3.6 for details). Compared to the vehicle control, serum rPrdx1 

significantly aggravated liver injury caused by APAP (Fig 4A-C). These observations demonstrated 

that the lack of circulating Prdx1 was responsible for the resistance of Prdx1-/- mice to 

APAP-induced liver injury. 

Extracellular Prdx1 has been reported to be released from damaged brain cells and subsequently 

augmented brain injury via activation of sterile inflammation in the brain [31,37,54]. We have thus 

made an effort to examine whether circulating Prdx1 in mice with ALI was liver-origin. 1) Both 

APAP and CCl4 are widely used to study liver toxicity, which supports the concept that the serum 

Prdx1 in mice treated with both drugs was resulted from damaged liver tissues. 2) Drug-induced 

ALI is primarily caused by hepatocyte damage [55-57]; in accordance with this knowledge, we 

were able to show that APAP dose-dependently induced primary mouse hepatocytes releasing Prdx1 

into the extracellular space in an apparently efficient manner (Fig 5A, B). 3) Compared to normal 
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livers, livers with APAP-induced ALI showed a significant reduction of hepatic Prdx1 content and 

the level of reduction followed the development of ALI (Fig 5C-D). 4). In mice with a chronic liver 

disease caused by persistent treatment with CCl4, the lack of damages in hepatocytes concurrently 

occurred with the lack of serum Prdx1 (Supplementary Fig 2). Collectively, these observations 

support the hepatic origin of serum Prdx1 in mice with ALI. 

Prdx1 is well-known for its anti-oxidant activity that protects oxidative stress-caused diseases 

[18,20,58]. Oxidative stress is a pathogenic factor in ALI [59]. It is thus a possibility that 

liver-associated Prdx1 protects ALI by anti-oxidant activity, while liver-released Prdx1 promotes 

ALI. In this context, the loss of liver-associated Prdx1 observed in APAP-treated livers (Fig 5C-D) 

alone would aggravate oxidative stress during ALI pathogenesis. However, evidence does not 

support this possibility; both APAP and CCl4 induced comparable levels of MDA (a maker of lipid 

peroxidation [60]) in Prdx1-/- mice and age-matched C57/BL6 mice (Supplementary Fig 5A, B). 

Furthermore, under the same conditions Prdx1-/- mice were protected from the drug-induced ALI 

compared to C57/BL6 mice (Figs 2, 3). Taken together, evidence supports that hepatic Prdx1 is a 

pro-ALI factor following its release into the circulation system independent of its anti-oxidant 

activity. This intriguing possibility is in line with cell-free Prdx1 as a DAMP without the 

involvement of its anti-oxidant enzymatic activity [29,31,61]. 

 

3.4. Association of circulating Prdx1 with inflammation in ALI 

 

Circulating Prdx1 has been reported to function as a DAMP to augment acute brain 

ischemia-reperfusion injury and lung injury through activation of sterile inflammation [31,38]. 

Sterile inflammation is a well-demonstrated and major pathological factor of ALI [2,4,7,9], 
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suggesting that serum Prdx1 is associated with hepatic inflammation in ALI. To examine this 

association, we were able to show a significant and progressive increase in macrophage infiltration 

in livers of APAP-treated C57/BL6 mice following ALI progression, evident by an elevation in the 

number of F4/80-positive macrophages (Fig 6A; Supplementary Fig 6A). F4/80 is a biomarker of 

macrophages [62]. Consistent with macrophage infiltration, hepatic expression of IL-1β, IL-6, and 

TNF-α was also elevated in C57/BL6 mice in response to APAP (Fig 6B-D), demonstrating 

an-going inflammation in liver with ALI. More importantly, these hepatic inflammatory events were 

all significantly reduced in APAP-treated Prdx1-/- mice (Fig 6A-D; Supplementary Fig 6A), 

supporting a correlation of Prdx1 with sterile inflammation occurred in ALI. This concept is 

strengthened by the down-regulation of hepatic sterile inflammation in Prdx1-/- mice elicited by 

CCl4 (Fig 6E-H; Supplementary Fig 6B). 

The decreases in liver inflammation in Prdx1-/- mice treated with APAP were attributable at least 

in part to the lack of circulating Prdx1, as intravenous administration of rPrdx1 significantly 

increased hepatic macrophage infiltration as well as hepatic expression of IL-1β, IL-6, and TNF-α 

in Prdx1-/- mice treated with APAP (Fig 6I-L; Supplementary Fig 6C). Collectively, these results 

demonstrate an association of circulating Prdx1 with hepatic sterile inflammation in drug-induced 

ALI. 

 

3.5. Prdx1 induces inflammatory cytokines production in primary peritoneal macrophages through 

the NF-κB and NLRP3 inflammsome signaling pathways 

 

Our observed association of serum Prdx1 with macrophage infiltration and the production of 

aforementioned cytokines in livers undergoing ALI indicate a potential cytokine induction in 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT 17 

 

macrophages by extracellular Prdx1. This possibility is in accordance with macrophage being the 

major cell type contributing to inflammation in ALI [63-66]. To investigate this concept, we have 

isolated peritoneal macrophage from mouse and treated these cells with rPrdx1 in a range of doses. 

rPrdx1 clearly induced pro-IL-1β expression in primary macrophages in a dose-dependent manner 

(Fig 7A) and the induction by 25 nM rPrdx1 was within a linear range (Fig 7A). This condition was 

thus selected to characterize rPrdx1-mediated upregulation of inflammatory cytokines. At 25 nM, 

rPrdx1 induced the production of mature IL-6, mature TNF-α, and pro-IL-1β in primary 

macrophages in a time-dependent manner but with different kinetics (Fig 7B-D); within the 

induction duration (24 hours), the pro-IL-1β production was reached plateau between 3-6 hours, 

while mature IL-6 and TNF-α were continuously accumulated (Fig 7B-D). 

In view of the major function of the NF-κB signaling in regulating cytokine expression [67,68] 

and considering the knowledge that rPrdx1 stimulates NF-κB activation [29,30,53,61]. We have 

determined a contribution of the NF-κB pathway in rPrdx1-stimulated expression of the above 

cytokines (Fig 7A-D). This small molecule inhibitor BAY 11-7082 at 50 µM has been widely used 

to inhibit NF-κB signaling [69,70]. At this condition, BAY 11-7082 robustly inhibited the 

expression of IL-6, TNF-α, and pro-IL-1β in primary macrophages treated with rPrdx1 (Fig 7B-D). 

The LPS inhibitor PMB did not affect the production of these cytokines, which eliminated the 

possibility that the observed effects by rPrdx1 was due to potential contamination of LPS with 

rPrdx1 (Fig 7B-D). Furthermore, heat treatment of rPrdx1 abolished its activity in inducing these 

cytokines (Fig 7B-C), indicating the heating condition has disturbed rPrdx1 structure or “pattern” 

required for cytokine inductions. These results collectively support a major role of the NF-κB 

pathway in facilitating rPrdx1-induced expression of the aforementioned cytokines. 

Extracellular Prdx1 was reported to be a DAMP in the augmentation of 
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ischemia-reperfusion-induced brain injury [31,37]. A major effector for DAMPs to initiate sterile 

inflammation is the NLRP3 inflammasome complex [4,11,71], suggesting NLRP3 being involved 

in cell-free Prdx1-mediated inflammation. To investigate this possibility, we first examined the 

production of mature IL-1β, as maturation of IL-1β (cleavage of pro-IL-1β and secretion of IL-1β) 

depends on the NLRP3 inflammasome signaling [72]. rPrdx1 stimulated the production of mature 

IL-1β in primary macrophages starting from 12 hours, which was continuously produced at least up 

to 24 hours of Prdx1 stimulation (Fig 7E). The likelihood of structure alterations by the heat 

treatment robustly prevented rPrdx1 from inducing IL-1β maturation in primary macrophages (Fig 

7E). As expected, BAY 11-7082 robustly inhibited IL-1β maturation in primary macrophages 

treated with rPrdx1 (Fig 7E), which was likely attributable to the inhibition of pro-IL-1β expression 

(Fig 7B). Importantly, blocking of the NLRP3 inflammasome signaling by MCC950 abolished the 

IL-1β production (Fig 7E), supporting the involvement of the NLRP3 inflammasome complex in 

rPrdx1-initiated sterile inflammation. 

To further examine this possibility, we were able to show an upregulation of NLRP3 expression 

and caspase-1 activation in primary macrophages stimulated with rPrdx1 (Fig 7F). Interestingly, 

both events co-occurred with the production of mature IL-1β, i.e. they were started at 12 hours of 

rPrdx1 stimulation and proceeded to higher levels at 24 hours (Fig 7E, F). As the NLRP3 

inflammasome complex is a platform for caspase-1 to cleave IL-1β and IL-18, a proteolytic step 

required for their maturation [73,74], the observations above thus support a feedback regulation in 

which rPrdx1 activates the NLRP3 inflammasome complex, which in turn mediates rPrdx1’s 

actions in inducing IL-1β maturation. This feedback regulation depends on NF-κB signaling, as 

BAY 11-7082 abolished caspase-1 activation and NLRP3 expression in rPrdx1-treated primary 

macrophages (Fig 7F). On the other hand, the NLRP3 inhibitor MCC950 only suppressed 
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rPrdx1-induced caspase-1 activation but not NLRP3 upregulation (Fig 7F). Taken together, the 

above results revealed that rPrdx1 initiated a complex reaction in primary macrophages, leading to 

NLRP3 upregulation, caspase-1 activation, and the activation of the NLRP3 inflammasome 

complex. 

 

3.6. Circulating Prdx1 contributes to poor outcomes in ALI 

 

Acute liver injury can progress to poor outcomes: acute liver failure, liver transplantation, and 

fatality [75]. Our observed associations of serum Prdx1 with liver inflammation in vivo and 

rPrdx1-mediated robust induction of cytokine expression in primary macrophages in vitro suggest a 

role of circulating Prdx1 in promoting ALI progression. To examine this concept, we have induced 

Prdx1-/- (n=14) and age-matched C57/BL6 mice (n=14) with enhanced ALI through one time i.p. 

injection of APAP at 750 mg/kg and monitored the disease progression. C57/BL6 mice died at a 

significant faster kinetics compared to Prdx1-/- mice with 21.4% (3/14) and 42.8% (6/14) of death in 

WT mice vs 0% and 7.14% (1/14) of fatality in Prdx1-/- mice at 24 hours and 48 hours post injection 

respectively (p=0.0026) (Fig 8A). The protection observed in Prdx1-/- mice was at least in part 

attributable to the lack of serum Prdx1, evident by a significant sensitization of Prdx1-/- mice to 

APAP-derived toxicity upon intravenous injection of rPrdx1 (Fig 8B). At 10 µg/Kg which is 

equivalent to 200 ng/mouse, rPrdx1 achieved the maximal level of the sensitization (Fig 8B), which 

provided the rationale for using rPrdx1 at 200 ng/mouse to study its impact on ALI (Fig 4). 

Collectively, evidence supports serum Prdx1 as a contributing factor to ALI progression. 

 

3.7. Elevation of circulating Prdx1 in patients with ALI 
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To further investigate the relevance of serum Prdx1 in ALI, we have organized a patient cohort 

consisting of normal subjects (n=15), patients with ALI (n=15), and patients with cirrhosis (n=15) 

(Table 1). Among 15 patients with ALI, 9 (60%) were caused by hepatitis B virus and 6 (40%) were 

drug-induced (Table 2). Except the significant lower level of TBIL and DBIL in patients with 

drug-induced ALI, there were no significant differences in other liver function tests in patients with 

ALI caused by either hepatitis B virus or drugs (Table 2). Importantly, circulating Prdx1 levels 

remained comparable in both types of ALI patients (Table 2). We thus ignored the etiology of ALI 

and used all ALI patients as a single entity in this analysis. Compared with normal subjects, a 

significant increase in circulating Prdx1 was observed in patients with ALI, but not in patients with 

liver cirrhosis (Fig 9A). Liver cirrhosis is a chronic disease which is mainly caused by deposition of 

extracellular matrix; these patients often have normal ALT and AST level. As an acute disease, 

damage in ALI occurs largely on hepatocytes [2,76,77]. No obvious alterations of serum Prdx1 in 

patients with cirrhosis over normal people indicate a specific increase in circulating Prdx1 in ALI. 

This concept is supported by an elevation of serum Prdx1 in patients with ALI in comparison to 

patients with cirrhosis (Fig 9A). 

We subsequently attempted to examine whether serum Prdx1 has a predictive value towards ALI 

progression. Using our small cohort, a positive correlation between circulating Prdx1 and serum 

ALT (Fig 9B) or serum AST (Fig 9C) could be demonstrated, indicating an association of serum 

Prdx1 abundance with the severity of liver injury. In a recent investigation of 386 patients with ALI, 

bilirubin value was found of being the second most predictive factor of ALI progression [75]. Of 

note, serum Prdx1 in our study displays a significant positive correlation with serum TBIL (Fig 9D), 

supporting circulating Prdx1 as a biomarker of ALI. 
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4. Discussion 

DAMPs are key initiators in inflammation exacerbating ALI. Due to lack of effective treatments, 

key mediating factors and pathogenesis of this disease need to be further explored. In this study, we 

provide the first demonstration for a specific elevation of circulating Prdx1 in APAP- and 

CCl4-induced ALI in mice and patients with ALI; however, serum Prdx1 was not significantly 

altered in chronic liver injuries in either. More importantly, circulating Prdx1 contributes to ALI 

pathogenesis and progression. 

We took multiple approaches to show circulating Prdx1 as a pathological factor of ALI. In mice 

deficient in Prdx1, both APAP and CCl4 were significantly less potent in inducing ALI; the 

resistance was substantially reduced by restore of serum Prdx1 using rPrdx1. Furthermore, rPrdx1 

was able to upregulate pro-IL-1β, IL-6 and TNF-α in primary macrophages through the NF-κB 

pathway; these observations are in accordance with previous reports for Prdx1-derived induction of 

inflammatory cytokines via activating the TLR2/4-NF-κB pathway [29,31]. Nonetheless, we 

provide the first evidence showing that rPrdx1 induces NLRP3 upregulation in primary mouse 

macrophages, which in a positive feedback manner facilitates rPrdx1-mediated activation of the 

NLRP3 inflammasome complex, resulting in caspase-1 activation and IL-1β maturation. 

Collectively, our research supports circulating Prdx1 as a novel DAMP to sustain ALI pathogenesis. 

While the lack of circulating Prdx1 was protective to drug-induced ALI, the protection remains 

incomplete (Figs 2, 3); and ALI continuously progresses from 12 hours to 24 hours post APAP 

injection (Fig 2). The status of incomplete protection shows the involvement of other factors in ALI. 

These factors could include other DAMPs that are associated with ALI, such as HMGB-1 [32,33], 

mitochondrial DNA [34,35] and heat shock protein [36]. Additionally, other Prdxs members could 
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also act as DAMPs for ALI; for incidence, Prdx2 and Prdx5 were found in the extracellular space 

and contribute to ischemia-reperfusion-induced brain injury [31]. Whether either Prdxs or other 

members of Prdxs also function as DAMPs for ALI should be investigated in the future. Future 

research also needs to address the mechanisms underlying cell-free Prdx1-mediated activation of 

NF-κB and the NLRP3 inflammasome complex. 1) Is the enzyme activity of rPrdx1 required? 2) 

Which structural features are critical for rPrdx1 to activate the NF-κB and the NLRP3 

inflammasome complex? 3) Will rPrdx1 function in this domain by binding unknown cellular 

proteins? 4) What are these proteins? 5) Will these cellular proteins stay inside or outside of 

macrophages? It can be envisaged that these investigations may lead to identification of cellular 

factors or unique structural elements of rPrdx1 which may have therapeutic potential in ALI 

management. 

We have provided several lines of evidence suggesting the hepatic origin of serum Prdx1 in ALI 

(see section 3.3 for details). We realize that this issue needs be directly examined in the future. With 

the availability of Prdx1-/- mice, this issue could be examined by hepatocyte-specific reintroduction 

of Prdx1, and then examine APAP-mediated production of serum Prdx1. Alternatively, mice with 

liver-specific knockout of Prdx1 could also be used. 

While the mechanisms responsible for releasing Prdx1 into the extracellular space are unclear, it 

is likely these mechanisms being complex. Prdx1 is an inducible gene under stress conditions, 

especially during the acute inflammatory response [78,79]. Recently, several studies have observed 

the elevation of circulating Prdx1 in patients with ischemic brain injury [45,80] and cancers 

[20,23-25]. Stress is known to cause cells to release exosomes [81]. APAP has been shown to cause 

liver to release exosomes which was toxic to hepatocytes in vitro and recipient mice in vivo [49]. It 

is thus tempting to suggest that microvesicles contribute to Prdx1 release under ALI. In addition to 
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passive release of Prdx1 from damaged cells, secretion from active immune cells is another 

mechanism for most DAMPs [10]. Previous studies have reported that some stimuli including 

TGF-β1, LPS and TNF-α could induce the secretion of Prdx1 from macrophages in vitro. However, 

due to lack of signal peptides, the secretory mechanisms of Prdx1 remain elusive. Several studies 

found that the active secretion of Prdx1 is possibly mediated by a non-classical secretory pathway 

[26] or by an exosomal pathway [28]. Although the mechanisms are under active investigation, the 

process under which Prdx1 is released into the extracellular space requires further studies. 

In conclusion, our study suggests that circulating Prdx1 aggravates acute liver injury as a novel 

DAMP, and that Prdx1 elicits hepatic inflammation at least in part via activating the NLRP3 

inflammasome signaling pathway. In light of our discoveries for the importantly detrimental role of 

circulating Prdx1 in ALI, neutralization of circulating Prdx1 may be a potential treatment option, 

which merits further investigation. 
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Figure Legends 

 

Figure1: A significant elevation of circulating Prdx1 in mice with ALI induced 

by APAP or CCl4. A-D: Wild-type (WT) mice were injected with saline or APAP 

(500mg/Kg, i.p.) and then sacrificed on 12 or 24 hours, n=6/group. 0h=saline control 

group, 12h=12-hours group, 24h=24-hours group. A: Histological images of liver 

sections stained with H&E, scale bar: 100µm (200x). B-C: Serum ALT and AST 

levels in mice. D: Circulating Prdx1 level was measured by ELISA. E-H: WT mice 

were injected with olive oil or CCl4 (0.5ml/Kg, i.p.) and then sacrificed on days 2, 4 

and 7, n=5/group. 0=olive oil control group, 2=2-days group, 4=4-days group, 

7=7-days group. E: Histological images of liver sections stained with H&E, scale bar: 

100µm (200x). F-G: Serum ALT and AST levels in mice. H: Circulating Prdx1 level 

was measured by ELISA. Data are expressed as the mean ± SD; ns: no significance. *: 

vs. control group, #: vs. 12-hours group. ns: no significance, *P<0.05, ** P<0.01, 

*** P<0.001; #P<0.05, ##P<0.01. 

 

Figure2: Prdx1 deficiency plays a protective role in ALI induced by APAP. In 

APAP-induced ALI model, WT and Prdx1-knockout (Prdx1-/-) mice were injected 

with saline or APAP (500mg/Kg, i.p.) for one time and sacrificed at 12 or 24 hours, 

n=6/group. 0h=saline control group, 12h=12-hours group, 24h=24-hours group. A: 

Histological images of liver sections stained with H&E, scale bar: 100µm (200x). B-E: 

Serum ALT, AST, TBIL and DBIL levels in mice. Data are expressed as the mean ± 

SD; ns: no significance, *: vs. control group, $: vs. 12-hours group, #: vs. WT group. ns: 

no significance, *P<0.05, ** P<0.01, *** P<0.001; $P<0.05; #P<0.05, ##P<0.01. 

 

Figure3: Prdx1 deficiency plays a protective role in ALI induced by CCl4. WT 

and Prdx1-/- mice were injected with olive oil or CCl4 (0.5ml/Kg, i.p.) for one time 

and sacrificed after 2 days, n=5/group. A: Histological images of liver sections 

stained with H&E, scale bar: 100µm (200x). B-E: Serum ALT, AST, TBIL and DBIL 

levels in mice. Data are expressed as the mean ± SD; ns: no significance, *: vs. control 
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group, #: vs. WT group. ns: no significance, *P<0.05, ** P<0.01, *** P<0.001; #P<0.05, 

##P<0.01. 

 

Figure4: rPrdx1 aggravates liver injury in APAP-induced ALI. After APAP 

treatment (500mg/Kg, i.p.), Prdx1-/- mice were intravenously injected with PBS or 

rPrdx1 (10µg/Kg) for 24 hours, n=6/group. A: Histological images of liver sections 

stained with H&E, scale bar: 100µm (200x). B-C: Serum ALT and AST levels in 

mice. Data are expressed as the mean ± SD, ns: no significance, *: vs. PBS control 

group, #: vs. APAP group. *P<0.05, ** P<0.01, *** P<0.01; #P<0.05, ##P<0.05. 

 

Figure5: APAP induces the release of Prdx1 from hepatocytes and the decreased 

expression of hepatic Prdx1 in ALI mouse model. A: Primary mouse hepatocytes 

were exposed to different doses of APAP (5mM, 10mM and 15mM) for 24 hours 

(n=4 independent experiments) and then the level of released Prdx1 in culture 

medium was measured by ELISA; *: vs. control group, #: vs. 5mM APAP group. B: 

Primary mouse hepatocytes were exposed to 5mM APAP for 6, 12, 24 hours (n=3 

independent experiments) and then the level of released Prdx1 in culture medium was 

measured by ELISA; *: vs. control group, #: vs. 6 hours group. C-D: WT mice were 

injected with saline or APAP (500mg/Kg, i.p.) and then sacrificed on 12 or 24 hours, 

n=6/group. 0h=saline control group, 12h=12-hours group, 24h=24-hours group. C: 

Prdx1 protein level in liver tissue was measured by western blotting; *: vs. saline 

control group, #: vs. APAP 12 hours group. D: Immunohistochemical staining for 

Prdx1 in liver, scale bar: 50µm (400x). *P<0.05, ** P<0.01, *** P<0.01; #P<0.05, 

##P<0.05, ###P<0.05. 

 

Figure6: Association of circulating Prdx1 with inflammation in ALI. A-D: In 

APAP-induced ALI model, WT and Prdx1-/- mice were injected with saline or APAP 

(500mg/Kg, i.p.) for one time and sacrificed at 12 or 24 hours, n=6/group. 0h=saline 

control group, 12h=12-hours group, 24h=24-hours group. A: Quantitation of 

macrophages infiltration indicated by F4/80 staining; *: vs. saline control group, $: vs. 
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12-hours group, #: vs. WT control group. B-D: mRNA levels of IL-1β, IL-6, and 

TNF-α in liver tissue were measured by RT-PCR; *: vs. WT control group. E-H: WT 

and Prdx1-/- mice were injected with olive oil or CCl4 (0.5ml/Kg, i.p.) for one time 

and sacrificed after 2 days, n=5/group. E: Quantitation of macrophages infiltration 

indicated by F4/80 staining; *: vs. saline control group, #: vs. WT control group. F-H: 

mRNA levels of IL-1β, IL-6, and TNF-α in liver tissue were measured by RT-PCR; *: 

vs. WT control group. I-J: After APAP treatment (500mg/Kg, i.p.), Prdx1-/- mice 

were intravenously injected with PBS or rPrdx1 (10µg/Kg) for 24 hours, n=6/group. *: 

vs. PBS control group, #: vs. APAP + PBS group. I: Quantitation of macrophages 

infiltration indicated by F4/80 staining. J-H: mRNA levels of IL-1β, IL-6, and TNF-α 

in liver tissue were measured by RT-PCR. *P<0.05, ** P<0.01, *** P<0.01; #P<0.05, 

##P<0.05, ###P<0.05; $P<0.05, $$P<0.05. 

 

Figure7: Prdx1 induces inflammatory cytokines production in primary 

peritoneal macrophages through the NF-κB and NLRP3 inflammsome signaling 

pathways. A: Primary peritoneal macrophages from WT mice were stimulated with 

different doses of rPrdx1 (25nM, 50nM) for 24 hours and after that the expression of 

pro-IL-1β was detected by western-blotting; *: vs. control group, #: vs. 25nM rPrdx1 

group. B-F: Primary peritoneal macrophages from WT mice were stimulated with 

rPrdx1 (25nM) for different times; *: vs. control group, #: vs. 24hours rPrdx1 group. 

B-C: Levels of IL-6 and TNF-α in the cellular supernatant were measured by ELISA. 

D: The expression of pro-IL-1β was detected by western blotting. E: Level of mature 

IL-1β in the cellular supernatant was measured by ELISA. F: The expression of 

pro-IL-1β, pro-caspase-1, NLRP3, mature IL-1β and cleaved caspase-1 were detected 

by western blotting. The inflammatory cytokines released by macrophages were 

stimulated by rPrdx1, with or without pretreatment of BAY (BAY 11-7082, 50µM for 

1hours), PMB (10µg/ml for 1hours), heat (95°C for 10min) and MCC950 (10µM for 

1hour). All experiments were repeated four times. Abbreviations: sn: cell supernatant; 

ns: no significance. Data are expressed as the mean ± SD, *P<0.05, ** P<0.01, 

*** P<0.01; #P<0.05, ##P<0.01, ###P<0.001. 
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Figure8: Circulating Prdx1 contributes to poor outcomes in ALI. A: To observe 

survival rate, WT and Prdx1-/- mice were injected with APAP (750mg/Kg, i.p.) for 

one time, n=14/group. B: Survival rate in Prdx1-/- mice intravenously injected with 

PBS or rPrdx1 (10µg/Kg≈200ng per mouse or 20µg/Kg≈400ng per mouse) after 

APAP treatment (750mg/Kg, i.p.), n=14/group; *: vs. APAP + PBS control group. 

*P<0.05. 

 

Figure9: Elevation of circulating Prdx1 in patients with ALI. A: Circulating Prdx1 

levels in normal subjects (n=15) and patients with ALI (n=15), patients with liver 

cirrhosis (n=15) were measured by ELISA; *: vs. normal subjects, #: vs. ALI group. B: 

The linear correlations between Prdx1 and ALT in patients with ALI. C: The linear 

correlations between Prdx1 and AST in patients with ALI. D: The linear correlations 

between Prdx1 and TBIL patients with ALI. The linear correlation was analyzed by 

Pearson’s correlation coefficient. Abbreviations: ALI: acute liver injury; ALT: alanine 

aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin; Data are 

expressed as the mean ± SD; ns: no significance, *P<0.05, *** P<0.001, #P<0.05.  
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Table1. Characteristics of the human subjects 

Abbreviations: ALI: acute liver injury;  SBP: systolic blood pressure; DBP: diastolic blood pressure; LFT: liver function test; TP: 

total protein; ALB: albumin; TBIL: total bilirubin; DBIL: direct bilirubin; TBA: total bile acid; ALT: alanine aminotransferase; 

AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: gamma-glutamyltransferase; CBC: complete blood count; 

WBC: white blood cell; RBC: red blood cell; HB: hemoglobin; PLT: platelet; PT: prothrombin time; PTA: prothrombin time 

activity percentage; INR: international normalized ratio; AFP: alpha fetoprotein. Data are presented as means±SD. *: ALI vs. 

normal subjects, #: cirrhosis vs. normal subjects; *P<0.05, ** P <0.01, *** P<0.001, #P<0.05, ##P <0.01, ###P<0.001;  

Variable Normal(n=15) ALI(n=15) Liver cirrhosis(n=15) P-value 
Gender, n (%)     
Male 8(53.3) 12(80) 13(86.7) - 
Female 7(46.7) 3(20) 2(13.3) - 

Age (years) 49.73±8.61 42.40±10.16 54.60±11.18 0.036*/0.192 
Blood Pressure     
SBP (mmHg) 126.20±13.02 116.60±12.56 114.93±12.07 0.038*/0.021# 
DBP (mmHg) 79.53±12.36 74.67±6.72 72.07±10.88 0.223/0.090 

LFT     
TP(g/L) 64.05±3.77 66.77±7.22 58.09±6.90 0.360/0.007## 
ALB(g/L) 39.99±2.45 35.51±4.56 29.37±4.10 0.003** /<0.001### 
TBIL (µmol/L) 12.89±5.82 218.61±193.31 23.70±20.58 0.001** /0.06 
DBIL (µmol/L) 5.36±2.27 105.57±87.86 10.81±6.65 0.001** /0.006## 
TBA (µmol/ L) 3.27±2.02 107.77±77.35 29.66±32.17 <0.001*** /0.004## 
ALT (U/L) 20.27±13.10 611.74±572.81 23.29±9.88 0.001** /0.483 
AST (U/L) 22.67±7.32 350.15±348.98 36.70±11.92 0.002** /<0.001### 
ALP (U/L) 124.28±16.32 210.17±74.00 215.03±231.81 0.003** /0.286 
GGT (U/L) 20.63±18.39 126.60±72.36 98.81±162.23 <0.001*** /0.193 

CBC     
WBC (10^9/L) 6.63±2.16 7.11±2.53 3.38±0.86 0.474/<0.001### 
RBC (10^12/L) 4.40±0.42 4.27±0.72 3.17±0.64 0.449/<0.001### 
HB(g/L) 133.60±11.42 130.60±20.51 88.67±23.65 0.527/<0.001### 
PLT (10^9/L) 177.20±38.30 195.27±72.33 63.87±61.54 0.258/<0.001### 

Coagulation test     
PT(second) 12.97±0.84 16.51±6.69 18.52±4.26 0.087/<0.001### 
PTA (%) 105.39±9.53 81.31±26.85 60.88±1.48 0.015*/<0.001### 
INR 1.01±0.07 1.31±0.57 1.48±2.50 0.089/<0.001### 

AFP(ng/ml) 1.05±1.58 248.25±307.75 2.50±2.14 0.021*/0.091 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table2. Details of patients with ALI classified by etiology. 

Variable 
Etiology 

P-value Hepatitis B virus Drug 

N(%) 9(60) 6(40) - 

Prdx1(ng/ml) 34.78±16.33 33.14±16.45 0.852 

ALT(U/L) 822.94±688.01 294.93±63.32 0.078 

AST(U/L) 458.20±414.27 188.08±117.81 0.148 

TBIL(µmol/L) 317.04±185.58 70.95±76.94
**

 0.009 

DBIL(µmol/L) 151.99±79.49 34.95±42.50
**

 0.006 

ALP(U/L) 223.22±81.26 186.68±59.31 0.397 

GGT(U/L) 127.13±60.91 125.64±97.96 0.972 

Abbreviations: ALI: acute liver injury; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin; 

DBIL: direct bilirubin; ALP: alkaline phosphatase; GGT: gamma-glutamyltransferase. Data are presented as means±SD. *: 

Hepatitis B virus group vs. drug group: *P<0.05, **P <0.01. 

 

 

  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Highlights 

 

� Increases in serum Prdx1 in patients and mice with acute liver injury (ALI). 

� Prdx1-/- mice are protected from drug-induced ALI and ALI-associated inflammation. 

� Intravenous injection of recombinant Prdx1 (rPrdx1) causes ALI in Prdx1-/- mice. 

� rPrdx1 induces IL-1β, IL-6, and TNF-α expression in primary macrophages. 

� Circulating Prdx1 is a novel DAMP promoting ALI. 


