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Objective  To determine whether the onset of acute lung injury (ALI) induces the up-regulation of 
pentraxin 3 (PTX3) expression in mice and whether PTX3 concentration in the biofluid can help recognizing 
sepsis-induced ALI. 

Methods  Wild-type C57BL/6 mice (12-14 weeks old) were randomly divided into 3 groups. Mice 
in the group 1 (n=12) and group 2 (n=12) were instilled with lipopolysaccharide via intratracheal or 
intraperitoneal routes, respectively. Mice in the group 3 (n=8) were taken as blank controls. Pulmonary 
morphological and functional alterations were measured to determine the presence of experimental ALI. 
PTX3 expression in the lung was quantified at both protein and mRNA levels. PTX3 protein concentration in 
blood and bronchoalveolar lavage fluid was measured to evaluate its ability to diagnose sepsis-induced ALI by 
computing area under receiver operator characteristic curve (AUROCC). 

Results  ALI was commonly confirmed in the group 1 but never in the other groups. PTX3 
expression was up-regulated indiscriminately among lipopolysaccharide-challenged mice. PTX3 protein 
concentration in the biofluid was unable to diagnose sepsis-induced ALI evidenced by its small AUROCC. 
PTX3 concentration in bronchoalveolar lavage fluid did not correlate with that in serum. 

Conclusions  Lipopolysaccharide challenges induced PTX3 expression in mice regardless of the 
presence of ALI. PTX3 may act as an indicator of inflammatory response instead of organ injury per se. 
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CUTE lung injury/acute respiratory distress 

syndrome (ALI/ARDS) may occur as a conse- 

quence of critical illness of diverse etiologies, 

including direct injury to lung and indirect 

mechanisms, such as sepsis.1 The mortality rate associated 

with ARDS has declined from 90% twenty years ago to 

about 40% at present. However, it is still one of the major 

causes of acute respiratory failure with high morbidity and 

mortality in critically ill patients.2 With the improved 

understanding of the pathogenesis of ALI/ARDS, extensive 

investigations have revealed several molecular mechanisms 

that offer diagnostic opportunities for ALI/ARDS.3 Many 

candidates, such as surfactant protein-D, von Willebrand 

factor, have been assessed for their diagnostic or 

prognostic capability for the syndrome, but no single 

biomarker or biomarker panels proved suitable for routine 

clinical use.4 Long pentraxin 3 (PTX3) as a member of the 

pentraxin superfamily is characterized by its cyclic 

multimeric structure and considered as a non-redundant 

component of the humoral arm of innate immunity.5 Unlike 

short pentraxins including C-reactive protein and serum 

amyloid protein, which are mainly produced in the liver, 

PTX3 is rapidly produced and released by several cell types 

including macrophages, dendritic cells, fibroblasts, 

endothelial cells and epithelial cells in response to 

inflammatory signaling.6 PTX3 expression in alveolar 

epithelial cells is activated by tumor necrosis factor-α 

through JNK signaling pathway.7 PTX3 has been suggested 

as one of the inflammatory mediators related to lung injury 

and to play a “local” role in host defense and inflammatory 

lung injury.6, 8 Intratracheal (IT) instillation of lipopolysac- 

charide (LPS) induced ALI in mice in parallel with increases 

in pulmonary PTX3 concentration.9 Importantly, PTX3 

concentration in bronchoalveolar lavage fluid (BALF) was 

closely correlated with the severity of lung injury, and PTX3 

expression in the lung was down-regulated as tissue injury 

was attenuated by an anti-coagulant therapy.9 Another 

study on “two hit” models of ALI reported that high-volume 

ventilation, either alone or in combination with LPS or 

hemorrhage/shock challenges, enhanced pulmonary PTX3 

expression which was asssociated with the severity of lung 

injury.10 PTX3 overproduction led to lower mortality rates 

in endotoxic shock or polymicrobial sepsis among 

transgenic mice.11 On the other hand, PTX3 deficiency 

exacerbated tissue injury, inflammatory response, and cell 

apoptosis in the lung of ptx3 knockout mice when 

subjected to LPS challenges.12 A study on septic patients 

showed plasma PTX3 concentration was highly correlated 

with the severity and unfavorable outcomes of the 

disease.13 Another study on ARDS patients reported blood 

PTX3 concentration reflected the extent of respiratory 

dysfunction and systemic organ failure.14 Based on these 

findings which supported PTX3 acting as a functional role in 

the pathogenesis of sepsis-induced ALI and as the marker 

of lung injury, we hypothesized that PTX3 expression 

should be up-regulated by the onset and progression of 

sepsis-induced ALI and PTX3 tests could help diagnose 

sepsis-induced ALI in mice. 

In this study, we aimed to develop ALI models which 

met the diagnostic criteria of experimental ALI proposed by 

the American Thoracic Society and non-ALI models which 

underwent similar or even higher levels of systemic 

inflammation than ALI models did. PTX3 expression was 

detected locally and systemically at both protein and mRNA 

levels. We sought to determine whether PTX3 expression in 

mice was up-regulated with the onset of ALI and whether 

PTX3 concentration in the biofluid could help recognizing 

sepsis-induced ALI. 

MATERIALS AND METHODS 

Mice 

Male C57BL/6 mice (12-14 weeks old) of specific pathogen 

free were purchased from Vitalriver (Beijing, China). They 

were fed with a standard laboratory diet and water ad 

libitum and acclimatized for at least one week in the 

controlled environment of 22˚C-26˚C, 40%-60% relative 

humidity, and 12-hour dark/light cycles at Peking Union 

Medical College Hospital (PUMCH). Those who weighing 

30±2 g seem alert with normal exploratory and feeding 

behavior were qualified for experimentation. The experi- 

mental protocol of this study was approved by the Animal 

Care and Use Committee of PUMCH and in accordance with 

National Institute of Health guidelines for care and use of 

laboratory animals. 

 

Development of experimental sepsis and ALI 

LPS (Escherichia coli serotype 055:B5, L4524, Sigma- 

Aldrich Corp., Mo, USA) was dissolved in normal saline at 

the final concentration of 1.5 mg/ml. Sodium pentobarbital 

(30-40 mg/kg) was injected via the intraperitoneal (IP) 

route for anesthesia. Anesthetized mice were allowed to 

recover in a 100% oxygen chamber. The qualified animals 

were designated by lottery into 3 groups. Mice in the group 

1 (n=12) and group 3 (n=8) were subjected to trache- 

otomy under anesthesia with a 22-gauge intravenous 

catheter inserted into the trachea and individually instilled 

via the IT route with 150 µg LPS and 100 µl normal saline, 

respectively. Mice in the group 2 (n=12) were injected 

individually with 300 µg LPS via the IP route. The dosage of 

A 
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LPS used in the group 1 (about 5 mg/kg) and group 2 

(about 10 mg/kg) was decided based on the following 

considerations. Firstly, the same type and dosage of LPS 

had been reported to induce ALI in mice within 24 hours by 

IT instillation.9, 12 Secondly, systemic inflammatory re- 

sponse to LPS challenges is generally dose-dependent in 

animals and humans. Thirdly, in our laboratory, IP injection 

of LPS with dosage ranging between 5 and 15 mg/kg 

usually caused piloerection, huddling, and lethargy (the 

macroscopic manifestations) in mice with minimal 

abnormalities of gas exchange and mild changes of 

alveolar-capillary barrier function. Only the mice subjected 

to IT instillation of normal saline were used as blank 

controls because we hoped to eliminate the confounding 

effect of trauma-associated inflammatory response and 

tracheotomy normally brought about more surgical trauma 

than IP injection did.  

At 2, 4, 8 hours during experimentation, each animal 

received 1.5 ml pre-warmed (37˚C) normal saline via the 

IP route for volume resuscitation. Experimental sepsis is 

defined by the occurrence of the macroscopic manifestations 

shortly after LPS insults and increased levels of inflammatory 

mediators. Experimental ALI is confirmed by the 4 cate- 

gories of evidence listed in Table 1, and for the confir- 

mation of ALI in 1 condition, at least 3 categories of the 

evidence are required.15  

 

Collection of blood and tissue samples 

At 6 hours after treatment, 0.1 ml blood was obtained from 

each of the mice by retro-orbital venous plexus puncture; 

at the end of the observations (10 hours after treatment in 

the group 1 and 24 hours in the other groups), artery 

blood was collected under anesthesia by abdomen aortic 

puncture and analyzed immediately by an iSTAT blood 

gas analyzer and CG4+ cartridges (Abbott Laboratories, 

Princeton, NJ, USA). All blood samples were allowed to 

clot overnight at 4˚C and centrifuged for 20 minutes at 2000 

× g to collect serum which was stored at −80˚C for further 

use. 

Following aortic puncture, the mice were killed 

immediately by cervical dislocation and pulmonary 

vasculature was perfused with 4 ml PBS containing 5 

mmol/L EDTA at the pressure of 5 mm Hg (0.67 kPa). 

Subsequently, lungs were lavaged triply with a total of 1.8 ml 

ice cold PBS containing 5 mmol/L EDTA, 28 µg/ml aprotinin, 

and 1 µg/ml leupeptin. Recovered BALF was temporarily 

stored at 4˚C for further processing within 24 hours. 

Finally, after the ligation of the right main stem 

bronchus, the right side lung was excised with one lobe 

snap frozen in liquid nitrogen and stored at −80˚C until 

real-time PCR analysis and the others dried in an oven at 

60˚C for 72 hours to obtain lung wet-to-dry weight ratio 

(W/D). The left side lung was insufflated with 10% buffered 

formalin for 5 minutes at 25 cm water pressure and then 

immersed in 10% buffered formalin for 5-7 days.  

 

Histological and immunohistochemical evaluation 

Lung tissue sections (5 µm) were stained with hematoxylin 

and eosin and evaluated by a pathologist in a blinded 

manner. The typical histological changes of ALI include 5 

items listed in Table 1. A binary approach was adopted to 

categorize tissue sections as either injured or normal. 

 

Table 1. Four categories of evidence for the presence of experimental ALI 

Category of evidences Definition of the evidences 

Alveolar-capillary barrier dysfunction Total protein concentration in BALF≥0.4 mg/ml and lung W/D≥5.5* 

Enhanced pulmonary inflammation## Neutrophil count, interleukin-6 concentration, or myeloperoxidase concentration in BALF≥2 

times the maximal values in the control group  

Impaired gas exchange PaO2≤107 mm Hg (14.23 kPa) or SaO2＜90%** 

Histological changes of lung injury At least 3 of the following findings in no less than 5 high power fields#: neutrophil count in the alveolar 

space≥1; neutrophil count in the interstitial space≥1; hyaline membranes≥1; proteinaceous debris 

filling the airspaces≥1; alveolar septal thickening≥2 times the normal thickness. 

ALI: acute lung injury; BALF: bronchoalveolar lavage fluid; W/D: wet-to-dry weight ratio; PaO2: partial pressure of arterial oxygen; 

SaO2: oxygen saturation of arterial blood. 
* The criteria was set according to our pilot study on 16 normal mice whose total protein concentration in BALF was generally below 

0.4 mg/ml and lung W/D below 5.5. ** The criteria was set according to our pilot study on 16 normal mice whose mean value and 

standard deviation of PaO2 were 121 mm Hg (16.09 kPa) and 7 mm Hg (0.93 kPa), respectively. Their SaO2 ranged between 

93%-100%. 
#A total of 20 high power fields were analyzed for each sample of lung tissue. ##Increases in neutrophil count or inflammatory 

cytokine concentration in BALF indicate enhanced pulmonary inflammation;15 IL-6 taken here as a representative cytokine was 

closely associated with the severity and prognosis of experimental sepsis.16, 17 
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Immunohistochemical staining was conducted using a 

Vectastain ABC-AP kit (Vector Laboratories, CA, USA) as 

described by Okutani et al. 10 Briefly, tissue sections (4 µm) 

were incubated in sequence with polyclonal goat IgG 

against mouse PTX3 (1:200 dilution; R&D Systems, MN, 

USA) and polyclonal donkey IgG against goat IgG (1:2000 

dilution; R&D Systems). Vector red phosphatase alkaline 

substrate was used as chromogen and Vector methyl green 

for counterstain. The specificity of the primary antibodies 

was determined by replacing them with normal goat serum 

(CoWin Biotech, Beijing, China) 

 

Total protein assay and cell count in BALF 

BALF was centrifuged for 20 minutes at 1500 ×g and 4°C to 

collect supernatant for detection of total protein 

concentration by the DC protein assay kit (Bio-Rad 

Laboratories, CA, USA). The cell pellet was resuspended in 

0.3 ml PBS for cell counting by the standard 

hemocytometer technique. A total of 300 karyocytes per 

slide were counted for differential cell using a 

Diff-Quick-stained kit (Baxter Diagnostics, IL, USA). 

 

Enzyme-linked immunosorbent assay (ELISA) 

Myeloperoxidase (MPO), interleukin (IL)-6, and PTX3 

protein in biofluid were quantified by the mouse MPO ELISA 

kit (Hycult Biotech, the Netherlands), the corresponding 

Quantikine ELISA kits (R&D Systems), respectively. Each 

measurement was run in duplicate under the manu- 

facturers’ guidance. The concentrations of the proteins 

were determined by optical densitometry at 450 nm with 

an automated plate reader (Bio-Rad Laboratories). 

 

Western blotting 

Equal amounts of total protein extracted from homogenized 

lung tissues by the tissue protein extraction kit (CoWin 

Biotech) were separated by 10% SDS-PAGE and 

transferred to PVDF membranes (CoWin Biotech). 

Subsequently, the membranes were incubated with either 

anti-PTX3/TSG14 antibodies (R&D Systems) or anti-β- 

actin antibodies (CoWin Biotech) and secondary HRP- 

conjugated antibodies. The chemiluminescence detection 

was performed using the cECL Western Blot kit (CoWin 

Biotech) and quantitative analysis of blotting bands was 

carried out by densitometer scanning (VersaDoc Imaging 

System, Bio-Rad Laboratories). 

 

Real-time PCR analysis 

Total RNA was extracted from lung tissues and converted 

into cDNA using TRIzol Reagent and High-Capacity cDNA 

Reverse Transcription kit (Life Technologies, CA, USA), res- 

pectively.  

Real-time PCR analysis was performed in triplicates in 

a total volume of 50 µl for each run using power SYBR 

green master mix (Life Technologies) on an ABI PRISM 

7300 Real-Time PCR System (Applied Biosystems, CA, USA) 

under the manufacturer’s guidance. The expression of 

GAPDH was measured in parallel for normalization. Sequences 

of primer pairs are shown in Table 2. Relative levels of PTX3 

expression were calculated by the 2-ΔΔCT method. 

 

Table 2. Primer sequences for real-time PCR 

Genes Pimer sequences (5’- 3’) 

Mouse PTX3 sense AGGGTGGACTACAGATTGG 

Mouse PTX3 antisense CCGATCCCAGATATTGAAGCC 

Mouse GAPDH sense TGGGCTACACTGAGCACCAG 

Mouse GAPDH antisense GGGTGTCGCTGTTGAAGTCA 

PTX3: pentaxin 3; GAPDH: glyceraldehyde-3-phosphate dehy- 

drogenase. 

 

Observation of 7-day survival  

Twenty of the qualified mice were divided into two groups 

in which ALI and sepsis were developed by the methods 

used in the group 1 or group 2. The same fluid treatment as 

described above was repeated on survivals at the first 3 

days during 7-day follow-up and no blood or tissue samples 

were collected. Mice were monitored every 2-8 hours and 

euthanized by cervical dislocation when moribund.  

 

Statistical analysis 

Values were expressed as mean ± standard deviation. 

Intergroup differences were calculated by analysis of 

variance test with Tukey’s multiple comparison test. 

Correlation analysis was conducted by Pearson correlation 

calculation. The Kaplan–Meier method was used to create 

survival curves whose difference was analyzed by the 

log-rank test. A P<0.05 was regarded as significant. 

Statistical analyses were performed using Prism software 

5.0 (GraphPad Inc., USA). 

RESULTS 

Experimental sepsis and ALI developed in LPS 

challenged mice 

Among the LPS challenged mice in the group 1 and group 2, 

the macroscopic manifestations became evident by 6 hours 

post-insult. The blank controls in the group 3 kept alert and 

behaved normally during the observations. 

We have analyzed alveolar-capillary barrier function, 

pulmonary inflammation as indicator of ALI in mice 
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following IT (group 1) or IP (group 2) injection of LPS. To 

detect alveoli-capillary barrier dysfunction, lung W/D and 

total protein concentration of BALF were measured, and 

both showed significant increases in the group 1 (Fig. 1A, B) 

whose cases all fulfilled the definition of the dysfunction 

listed in Table 1. However, three cases in the group 2 manifested 

the dysfunction as well. Mice in the group 1 exhibited the 

most significant accumulation of neutrophils in the lung 

(Fig. 1C, D) and the highest level of pulmonary inflammation 

(Fig. 1E); all the LPS-challenged mice developed systemic 

inflammatory response evidenced by their boosted serum 

IL-6 concentration. (Fig. 1F). Given the macroscopic mani- 

festations prevailing in the LPS-challenged mice, we 

consider they have commonly developed experimental sepsis.  

Only two mice in the group 1 manifested normal 

oxygenation, whereas no hypoxemia cases were present in 

the other groups. The levels of arterial partial pressure of 

oxygen (PaO2), oxygen saturation of arterial blood (SaO2) 

and arterial partial pressure of carbon dioxide (PaCO2) 

were significantly lower in the group 1 than those in the 

other groups (Fig. 2A-C).  

Typical changes of lung histology in the group 1 

included neutrophil accumulation and hemorrhage in the 

alveolar and interstitial space, alveolar wall thickening, and 

proteinaceous deposits in the alveolar space (Fig. 3A). In 

the other groups were commonly seen thin alveolar walls, 

rare neutrophil accumulation in the lung, and no evident 

intra-alveolar protein deposition (Fig. 3B, C).  

Overall, at least three of the ‘‘main features’’ were 

present in any case in the group 1, while no one in the other 

groups possessed more than two of the ‘‘main features’’. In 

view of the definition of experimental ALI mentioned above, 

we consider that ALI has developed in the group 1 but 

never in the other groups. 

 

LPS challenges induce the up-regulation of PTX3 

expression in mice regardless of the presence of ALI 

Quantitative analysis of Western blotting results revealed 

significant increases in PTX3 protein concentration in both 

the LPS challenged groups (both P<0.01), whose intergroup 

difference was not statistically significant (Fig. 4A, B). This 

finding was confirmed at mRNA level by real-time PCR 

analysis whose results even showed the tendency of higher 

levels of ptx3 expression in the group 2 than in the group 1 

(Fig. 4C).  

PTX3 positive staining (pink color) was strong on the 

alveolar walls of LPS-challenged mice but hardly detected 

in the blank controls (Fig. 5). No pink color staining was 

found in the lung when replacing the primary antibody with 

normal goat serum (data not shown).  

PTX3 concentration in serum which was collected at 6 

hours post-insult was higher in the group 2 than that in the 

other groups (P<0.05, Fig. 6A); at the end of the observations 

PTX3 concentration in serum (Fig. 6B) and BALF (Fig. 6C) 

indiscriminately increased in the LPS-challenged groups 

(all P<0.01). Taking into account the fact that the presence 

of ALI was generally identified in the group 1 but never in 

the group 2, we conclude that LPS challenges induce the 

up-regulation of PTX3 expression in mice regardless of the 

presence of ALI. 

 

PTX3 tests performed poorly in diagnosing ALI 

among septic mice 

When using the ELISA results of PTX3 in biofluid to 

diagnose ALI among the LPS challenged mice, we found it 

hard by generating receiver operator characteristic (ROC) 

curves to draw the line between the cases with and without 

ALI. Among the PTX3 tests in BALF and serum, the serum 

PTX3 test of 6 hours post-insult showed the largest 

diagnostic index (sensitivity plus specificity) of 150% at the 

cutoff value of 247.4 ng/ml. The serum PTX3 tests of 

experiment ends proved worthless at identifying ALI versus 

non-ALI among septic mice evidenced by its area under 

ROC curve (AUROCC) and P value (Fig. 7A). Similarly poor 

diagnostic performance was shown in the BALF PTX3 tests 

of experiment ends (Fig. 7B) and the serum PTX3 tests of 6 

hours post-insult (Fig. 7C). Moreover, PTX3 concentration 

in BALF and in serum did not correlate with each other 

among septic mice (Fig. 8A). 

 

IT instillation of LPS (about 5 mg/kg) was lethal to 

mice while IP injection of LPS (about 10 mg/kg) was 

not in most cases 

The LPS challenges led to piloerection, huddling, and 

lethargy in mice within several hours. For those exposed to 

IP LPS (about 10 mg/kg), the survival rate of 7 days 

follow-up was 87.5%, and their macroscopic manifestations 

tended to alleviate at the second day of the follow-up. For 

those exposed to IT LPS (about 5 mg/kg), the macroscopic 

manifestations progressively deteriorated till death, their 

lethality came up to 100% within 24 hours after treatment 

(Fig. 8B). By the end of the follow-up, all survivals had 

been witnessed restoring normal exploratory and feeding 

behaviors. 

DISCUSSION 

Organ failure is one of the most ominous complications 

of sepsis, and one of the first organs to fail is the lung. 

Indeed, almost half of all patients with severe sepsis will go 
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on to develop ALI/ARDS.18 To simulate sepsis-induced ALI 

in humans, IT administration of LPS is one of the most 

popular methods used in laboratory studies.19, 20 However, 

IP injection of LPS has not been so often used to induce 

experimental ALI.19, 21, 22 Some studies claimed that LPS 

caused acute pulmonary damage in mice 24 hours after 

intranasal or IT administration, whereas IP administration 

did not lead to a tissue-specific or similar degree of lung 

injury. 23, 24 Others reported IP administration with LPS 

dosage at 40 mg/kg induced the presence of most of the 

“main features” of ALI in rats.25, 26 In our experience, IP 

administration with LPS dosage ranging between 5 and 

15 mg/kg rarely resulted in considerable tissue injury in 

mouse lung. Even though a larger dose of LPS causes 

notable lung injury in mice by this method, there is usually 

more intense systemic inflammation coming around. In 

this context, we cannot infer that the up-regulation of PTX3 

expression (if any) in the cases with larger dosage of LPS 

results from the onset of ALI rather than the enhancement 

of systemic inflammation. After all, the intensity of 

inflammatory response is not the only determinant for the 

development of ALI. 
 

 
Figure 1. Measurements of alveolar-capillary barrier function and inflammatory response. 

TPC: total protein concentration; MPO: myeloperoxidase; IL: interleukin.  

Lung W/D (A) and TPC of BALF (B) were used to measure alveolar-capillary permeability. Neutrophil count (C), MPO (D), and 

IL-6 levels in BALF (E) were quantified to evaluate pulmonary inflammation. IL-6 level in serum (F) reflected systemic 

inflammation. Values were expressed as mean ± standard deviation.  
*P<0.05, **P<0.01 compared with the group 1; #P<0.05, ##P<0.01 compared with the group 3. 
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Figure 2. Evaluation of respiratory function. 

At the end of the observation, artery blood was collected under anesthesia by abdomen aortic puncture and analyzed 

immediately by an iSTAT blood gas analyzer. PaO2 and SaO2 reflected the validity of gas exchange in the lung; arterial 

partial pressure of carbon dioxide (PaCO2) indicated the efficiency of alveolar ventilation. Values were expressed as 

mean± standard deviation.  
**P<0.01 compared with the group 1. 

 

 

Figure 3. Typical findings of pulmonary histology in mice (scale bar=100 µm). 

Tissue sections were stained by haematoxylin and eosin and observed under a light microscopy. In contrast to the 

preserved lung parenchymal architecture normally seen in the group 2 (B) and group 3 (C), marked thickening of the 

alveolar wall, neutrophil infiltration (black arrows), hemorrhage (white arrow heads), pink staining deposits (black arrow 

heads) in the alveolar space were common findings in the group 1 (A). 
 

 

Figure 4. Intergroup comparisons of PTX3 expression level in the lung of mice (n=6). 

Lung tissues were homogenized and subjected to Western blotting or real-time PCR analysis to quantify PTX3 expression 

at protein and mRNA levels. The representative blotting bands (A) were shown. Quantitative analysis of blotting bands 

(B) was carried out by densitometer scanning using a VersaDoc Imaging system. PCRs were performed in triplicates 

using power SYBR green master mix on an ABI PRISM 7300 Real-Time PCR System. Expression of GAPDH gene was 

determined as an endogenous control.  

RQ: relative mRNA expression levels expressed as fold increase over the indicated control.  
**P<0.01 compared with the group 1. 
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Figure 5. Immunohistochemical staining of PTX3 in the lung of mice (Scale bar=100 µm). 

Lung tissue sections were sequentially incubated with a polyclonal goat IgG against mouse PTX3 (1:200 dilution) and a 

polyclonal donkey IgG against goat IgG (1:2000 dilution). Vector red phosphatase alkaline substrate was used as 

chromogen and vector methyl green for counterstain. PTX3-positive staining (pink color) was mainly found on the 

alveolar walls in the group1 (A) and group 2 (B), but it was hardly detectable in the group 3 (C). 
 

 
Figure 6. Intergroup comparisons of PTX3 concentration in BALF and serum. 

Serum PTX3 concentration of 6 hours post-insult (A), serum PTX3 concentration of experiment ends (B), BALF PTX3 

concentration of experiment ends (C) were measured by means of ELISA. Values were expressed as mean ± standard 

deviation. Calculation of intergroup differences was carried out by analysis of variance test with Tukey’s multiple 

comparison test.  
*P<0.05, **P<0.01 compared with the group 1; ##P<0.01 compared with the group 2. 

 
 

 
 

Figure 7. Diagnostic abilities of PTX3 tests. 

The overall abilities of PTX3 tests to recognize acute lung injury cases among septic mice were determined by the 

method of generating receiver operator characteristic (ROC) curves and calculating area under curve (AUROCC). 

The serum PTX3 tests of experiment ends (A), the BALF PTX3 tests of experiment ends (B), and the serum PTX3 

tests of 6 hours post-insult (C) all exhibited poor diagnostic abilities evidenced by their small AUROCC and large P 

values. 
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Figure 8. Correlation analysis and survival survey. 

BALF and serum were collected from the lipopolysaccharide (LPS) challenged mice and subjected to the quantification of 

PTX3 by the method of ELISA. Pearson correlation calculation showed PTX3 concentration in BALF did not correlate with 

that in serum (A). Mice in the IT-LPS group (n=12) were individually instilled with 150 µg LPS via the intratracheal (IT) 

route; mice in the IP-LPS group (n=8) were individually instilled with 300 µg LPS via the intraperitoneal (IP) route. At day 

0, all the mice were injected with normal saline (1.5 ml, per mouse) via the IP route at 2, 4, 8 hours post LPS-insult. This 

fluid treatment was repeated at the same time on survivals during the next two days. Mice were monitored every 2-8 

hours during the 7-day follow-up and euthanized by cervical dislocation when moribund. Survival curves were derived by 

the Kaplan-Meier method (B). The symbols on the curves represent the time when death events occurred. 
 

For a long time, there had been no universal agreement 

as to the precise definition of experimental ALI until the 

American Thoracic Society published an expert consensus 

on this issue in 2010.15 Ideally, an animal model of ALI 

should capture most of the defining features of human ALI, 

including rapid onset (hours) after an inciting stimulus, 

evidence of pulmonary physiological dysfunction (e.g., 

abnormalities of gas exchange, decreased lung compliance), 

histological evidence of injury to the lung parenchyma 

(endothelium, interstitium, epithelium), and evidence of 

increased permeability of the alveolar-capillary membrane. 

The question remains as to what constitutes the minimal 

criteria for the diagnosis of ALI in animal models. This is a 

question dependent on the experimental design and the 

specific issues being addressed. In this study, we needed 

the gold standard to diagnose experimental ALI, and it is 

prudent to adopt more strict diagnostic criteria to discrim- 

inate between ALI and no-ALI cases. 

The time for the onset of LPS-induced ALI by IT 

administration method differed from a couple of hours in 

some studies9, 12 up to several days in others.27 In our pilot 

study, this method with LPS dosage at 5 mg/kg caused 

100% lethality in mice within 24 hours and the earliest 

death emerged around 12 hours post-insult. Therefore, 10 

hours post-insult can be an appropriate time point to detect 

the signs of ALI without being too late to sample artery 

blood. In the current study, IP infusion of LPS (10 kg/mg) 

caused few deaths with the tendency of recovery occurring 

at the second day after treatment. So, 24 hours could be 

enough for them to develop ALI if they would.  

Neutrophils are proposed to play an important role in 

mediating ALI; more neutrophil infiltration in the lung 

means more chances to develop ALI.28 Hypoxemia is not 

always relevant to lung injury, but measurement of artery 

blood oxygenation is often very helpful for the assessment 

of respiratory function. The concurrent decreases in PaO2 

and PaCO2 indicated that hypoxemia in the group 1 

impossibly resulted from hypoventilation, but probably 

from impaired gas exchange in the lung. For the two cases 

in the group 1 exhibiting normal oxygenation, 10 hours 

might be too short to develop respiratory dysfunction. The 

histological evidence of lung injury has been widely 

accepted as the most relevant defining feature of ALI. To 

measure histological changes of lung injury, any scoring 

systems must be approached with caution because of their 

considerable inter- and intra-observer variations.15 A 

binary approach is the simplest scoring system which is 

believed to mitigate the variations.  

As a soluble pattern recognition receptor, PTX3 

functions as the regulator of innate immunity and 

inflammatory response.29 PTX3 deficiency did exacerbate 

LPS-induced lung injury in PTX3 knockout mice.12 However, 

another study on intestinal ischemia-reperfusion injury 

reported PTX3 overexpression in the transgenic mice 
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increased the mortality and inflammatory response with 

much severe tissue injury in local (gut) and remote (lung) 

organs.30 The overproduction of PTX3 in “two hit” models of 

ALI was also accompanied by enhanced inflammatory 

response.10 What is the real role of PTX3 in the 

pathogenesis of ALI remains to be elucidated. In the 

present study, PTX3 expression was up-regulated 

indiscriminately among the septic mice with and without 

ALI, we infer the inducible production of PTX3 in mice may 

only represent a component of systemic inflammation in 

response to LPS challenges instead of a direct link to lung 

injury.  

The ideal biomarker should objectively reflect normal 

biological processes, pathogenic processes, or pharmacologic 

responses to a therapeutic intervention,31 and the amount 

of a biomarker protein in biofluid should reflect a graded, 

dose-dependent response to damage.32 In this regard, the 

previous findings mentioned above had promised PTX3 the 

potential as a useful biomarker of ALI. However, one of the 

basic concerns for organ injury biomarkers is that their 

concentration in biofluid should keep proportional to their 

expression at the site of injury in vivo.32 In this way, the 

uncoupled correlation between PTX3 concentration in BALF 

and that in serum argues against the pontential of PTX3 as 

a diagnoatic biomarker of lung injury. Indeed, we showed 

poor diagnostic abilities of PTX3 tests at identifying ALI 

versus non-ALI no better than flipping a coin.  

Pentraxins are evolutionarily conserved from insects to 

mammals; human PTX3 is highly conserved and shares 

82% of the identity and 92% of the similarity in primary 

sequence with murine PTX3.33, 34 Blood PTX3 concentration 

is very low in normal human subjects, which are rapidly 

and dramatically increased in patients with inflammatory 

conditions either infectious or non-infectious.13, 35-39 

Perhaps, PTX3 acts as an indicator of inflammatory 

response just like its cousin C-reactive protein does, it may 

not reflect organ injury per se. 

There are some limitations in this study. Due to 

difficulty in intermittent sampling in small animals and lack 

of reliable methodology to quantify experimental lung 

injury, we did not study whether the amount of PTX3 in 

biofluid reflected a graded, dose-dependent lung injury. 

Also, we did not know the time-course changes of PTX3 in 

the pathological progression of sepsis-induced ALI. 

Moreover, the fact that only one pro-inflammatory 

cytokines (IL-6) was examined in this study gave an 

incomplete picture of systemic inflammation and innate 

immunity in host when confronted with injurious stimulus. 

In conclusion, LPS challenges induced PTX3 expression 

in mice regardless of the presence of ALI. PTX3 probably 

acts as an indicator of inflammatory response instead of 

organ injury per se. 
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