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Abstract

Orthotopic liver transplantation (OLT) remains the standard treatment option for nonresponsive 

liver failure. Because ischemia/reperfusion injury (IRI) is an important impediment to the success 

of OLT, new therapeutic strategies are needed to reduce IRI. We investigated whether blocking 

the CD47/thrombospondin-1 inhibitory action on nitric oxide signaling with a monoclonal 

antibody specific to CD47 (CD47mAb400) would reduce IRI in liver grafts. Syngeneic OLT was 

performed with Lewis rats. Control immunoglobulin G or CD47mAb400 was administered to the 

donor organ at procurement or to both the organ and the recipient at the time of transplant. Serum 

transaminases, histological changes of the liver, and animal survival were assessed. Oxidative 

stress, inflammatory responses, and hepatocellular damage were also quantified. A significant 

survival benefit was not achieved when CD47mAb400 was administered to the donor alone. 

However, CD47mAb400 administration to both the donor and the recipient increased animal 

survival afterward. The CD47mAb400-treated group showed lower serum transaminases, 

bilirubin, oxidative stress, terminal deoxynucleotidyl transferase–mediated deoxyuridine 

triphosphate nick-end labeling staining, caspase-3 activity, and proinflammatory cytokine 

expression of tumor necrosis factor α, interleukin-1β, and interleukin-6. Thus, CD47 blockade 
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with CD47mAb400 administered both to the donor and the recipient reduced liver graft IRI in a 

rat liver transplantation model. This may translate to decreased liver dysfunction and increased 

survival of liver transplant recipients.

Despite significant efforts to find new therapies to treat liver failure, orthotopic liver 

transplantation (OLT) remains the standard treatment for acute and chronic liver failure.1,2 

Ischemia/reperfusion injury (IRI) reduces the success of OLT, and this is particularly 

problematic when limited organs are available for transplant.3 The IRI cascade is a result of 

multiple steps. Initially, the ischemia damages mitochondria and leads to oxidative stress 

and cellular injury.4 After implantation, reperfusion induces the release of cytokines and 

production of reactive oxygen species (ROS), and this further damages hepatocytes.5,6 The 

combination of these factors can lead to microcirculatory impairment, thrombosis, and 

eventually tissue necrosis.7 IRI with extended cold and/or warm ischemia times plays an 

important role in the development of early graft dysfunction and postoperative 

complications and also increases the risk of acute and chronic graft rejection.8,9 In addition, 

because of the higher sensitivity of marginal donor grafts to ischemic insults,10 IRI 

contributes to the shortage of suitable livers for transplantation. Therapies that reduce IRI 

may, therefore, increase the pool of suitable organs and reduce the mortality of patients 

waiting for liver transplantation.

CD47 is a widely expressed transmembrane receptor of the immunoglobulin superfamily 

that functions as a receptor for the matricellular protein ligand thrombospondin-1 (TSP-1).11 

Through binding with the TSP-1 C-terminal domain,11 CD47 participates in different 

cellular pathways involving survival and death.12-14 In vivo, soluble TSP-1 binds to CD47 

and inhibits the nitric oxide (NO) signaling cascade, and this results in vasoconstriction, 

platelet aggregation, thrombosis, and ROS production.14,15

In the ischemic state, both TSP-1 and CD47 are up-regulated and linked with ROS induction 

in vascular cells,16 and this leads to inflammatory reactions, endothelial cell injury 

accompanied by microcirculatory dysfunction, and extensive tissue necrosis.17 Hence, we 

postulate that CD47 blockade using antibodies specific to CD47 (CD47mAbs) will provide 

cyto-protection against IRI during liver transplantation. The aim of this study was to 

investigate whether CD47mAb blockade of CD47/TSP-1 signaling can reduce hepatocyte 

injury and inflammatory responses and increase survival after liver transplantation.

MATERIALS AND METHODS

Transplant Model

Male Lewis rats (body weight = 250 ± 20 g) were purchased from Jackson Labs. All animals 

were maintained in accordance with the National Resource Council guidelines and were 

supervised by the animal studies committee of Washington University School of Medicine 

at St. Louis. They were given access to standard rodent food and water ad libitum before and 

after transplantation except for fasting 12 hours before surgery. All animals were in 

quarantine for at least 1 week before treatment. Surgical procedures were performed with 
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aseptic conditions approved by the animal studies committee and in accordance with the 

National Institutes of Health guidelines.

Animals were anesthetized with 3% isoflurane (Baxter, IL). Before organ procurement, 1 

mL of saline containing 200 u of heparin was given intravenously. After hepatectomy, the 

donor liver was flushed via the portal vein with 10 mL of cold (4 °C) normal saline, which 

was followed by 10 mL of cold University of Wisconsin (UW) solution containing either a 

mouse anti-CD47 monoclonal antibody, CD47mAb400 (Vasculox, Inc., St. Louis, MO), or 

an isotype matched-control mouse immunoglobulin G 2a (IgG2a) at a dose of 1 μg/g liver 

weight. After cuff preparation, the graft was then stored in UW solution at 4 °C for 18 hours. 

After storage, the graft was slowly flushed with 10 mL of cold saline through the portal vein 

before transplantation. OLT was then performed with a modified version of the cuff 

technique.18,19 Animals were placed on a circulating warm water pad to keep their body 

temperature within the normal range of 37.8 °C to 38.7 °C during the surgical procedure. 

Buprenorphine (0.05 mg/kg) was administered subcutaneously at the end of surgery, 

immediately after the incision was closed, and before the rat regained consciousness. The 

animals were divided in 2 groups. In 1 group (n = 20, 10 for each treatment), the animals 

underwent OLT after the liver graft was flushed with CD47mAb400 or control IgG 

antibody. In another group (n = 20, 10 for each treatment), the liver graft was flushed with 

either CD47mAb400 or control IgG antibody, and then after reperfusion of the liver, an 

additional dose (same amount) of either the CD47mAb400 or control IgG antibody was 

administered to the recipient intravenously. To investigate expression of CD47 and TSP-1 

after cold ischemia, we performed a separate set of experiments. In 2 different groups (n = 

6) of rats, after hepatectomy, the livers were flushed with 10 mL of cold UW. In the first 

group, the samples were collected after this flushing step. In the second group, livers were 

stored at 4 °C for 18 hours to induce cold ischemia, and then samples were collected and 

frozen for western blot analysis.

Histopathology

Paraffin-embedded liver tissue samples were prepared, sectioned at 6 μm, and stained with 

hematoxylin and eosin. A pathologist blinded to the experimental groups examined the 

slides for infiltration of immune cells, apoptosis, ischemic necrosis, and other evidence of 

hepatic injury. Terminal deoxynucleotidyl transferase–mediated deoxyuridine triphosphate 

nick-end labeling (TUNEL) staining and immunohistochemistry to detect activated 

caspase-3 were used to demonstrate apoptosis. Imaging software (NIS-Elements, Nikon) 

aided in differentiation through utilization of a consistent positive threshold. Centrilobular 

necrosis was graded on a 0 to 3 scale (reported as histological score) as described by Neil 

and Hubscher.20

Enzyme-Linked Immunosorbent Assay (ELISA) for Proinflammatory Cytokines and 3-
Nitrotyrosine

The liver cytokine concentrations [tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), 

and IL-1β] were measured with 50 mg of rat whole liver protein extracts via ELISA 

according to the protocol given by the supplier (Invitrogen). The concentrations of 3-

nitrotyrosine in the donor livers were measured with ELISA (Invitrogen).
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Western Blotting

Liver tissues were homogenized with an ice-cold lysis buffer. Then, the homogenates were 

centrifuged, and the supernatants were collected. Protein concentrations were determined 

with the Bradford assay (Bio-Rad, Hercules, CA). Twenty micrograms of total protein was 

separated with sodium dodecyl sulfate–poly-acrylamide gel electrophoresis and transferred 

onto nitrocellulose (Bio-Rad). A mouse monoclonal antibody (mAb) to β-actin (1:1000 

dilution; Abcam), a goat polyclonal antibody to TSP-1 (1:500 dilution; Santa Cruz 

Biotechnology, Dallas, TX), a rabbit monoclonal antibody to CD47 (1:5000 dilution; 

Abcam, Cambridge, MA), and a rabbit polyclonal antibody to inducible nitric oxide 

synthase (iNOS; 1:1000 dilution; Abcam) were used as primary antibodies along with the 

respective horseradish peroxidase–conjugated secondary antibodies. The intensity of 

captured bands was quantified with ImageJ software.

Dihydroethidium (DHE) Staining

Superoxide production was detected with a florescent dye, DHE, or hydroethidine, which 

detects ROS formation in tissues.21 This compound interacts with intracellular superoxide 

anion (O2−) and forms oxyethidium,22 which produces a fluorescent signal upon interactions 

with cellular nucleic acids.23 Frozen sections of livers were stained with 10 mM DHE and 

then incubated for 30 minutes in a light-protected humidified chamber at 37 °C. After the 

sections were washed with phosphate-buffered saline, the sections were mounted with 

fluorescent mounting medium (DAKO). NIS Elements imaging software was used to 

quantify the images.

Statistics

The data were presented as means and standard errors of the mean (SEMs) unless otherwise 

indicated. A direct comparison of study groups was carried out with the Student t test for 

means between 2 groups. P values less than 0.05 were considered to be significant. Animal 

survival analysis was performed with the Kaplan-Meier analysis and the log-rank test. 

Statistical analyses were performed with the Prism software (GraphPad Software, San 

Diego, CA).

RESULTS

CD47mAb400 Increased Survival When Given to Both Donor and Recipient Animals

We investigated the effect of CD47 blockade on animal survival when the CD47mAb400 

antibody was administered only to the donor liver graft and found that although this tended 

to increase the survival time, it did not provide a survival benefit to the recipient. The 

Kaplan-Meier survival analysis suggests that the CD47mAb400 animals initially had 

improved survival within 20 and 30 hours after OLT; however, this survival benefit was no 

longer apparent by 48 hours when only 50% of the recipients were alive in both study 

groups (Fig. 1A). We then investigated the effects of treating both the donor liver graft and 

the recipient with CD47mAb400 by administering the same dose of the mAbs intravenously 

after the reperfusion. Survival outcomes were substantially improved in the animals that 

received CD47mAb400 in comparison with the group given the IgG control. The overall 
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survival at the end of the experiment (48 hours after OLT) was 75% in the CD47mAb400 

group and 35% in the IgG control group (P = 0.01; Fig. 1B). In addition, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), and total bilirubin (TBIL) levels 

were also significantly reduced in the CD47mAb400-treated group versus the IgG control 

group (P < 0.05; Fig. 1C). These data show that blocking TSP-1/CD47 by the administration 

of CD47mAb400 to both the donor organ before transplantation and to the recipient animal 

after the reperfusion reduces liver damage and improves overall short-term survival in a 

syngeneic rat OLT model.

CD47 Is Up-Regulated by Ischemia and Reperfusion and Reduced by CD47mAb400 
Treatment

Previous studies have shown that CD47 is up-regulated after renal IRI caused by a transient 

warm ischemic insult.24 However, hepatic expression of TSP-1 and CD47 has not been 

investigated after transient warm ischemia, cold ischemia, or transplantation. We compared 

both CD47 and TSP-1 expression in donor livers under conditions with and without 

ischemia and reperfusion. Donor livers were flushed with saline and UW solution and frozen 

immediately (no ischemia) or exposed to 18 hours of cold storage (cold ischemia) and then 

frozen until evaluated with Western blot analysis. Our data showed that there was a 

significant induction of CD47 protein but not TSP-1 expression after cold ischemia (Fig. 

2A,B). An analysis of transplanted liver tissues 48 hours after OLT showed that the 

expressions of both TSP-1 and CD47 were increased in livers treated with the control mAb 

and that both CD47 and TSP-1 protein expression in rats receiving the CD47mAb400 was 

reduced in comparison with the control IgG group (Fig. 2C,D).

CD47mAb400 Reduced Liver Cell Injury and Death

Liver histology showed widespread areas of hepatocyte necrosis in the control IgG-treated 

rats. However, the histology of liver tissue from CD47mAb400-treated rats was similar to 

the livers of sham controls in which rat livers did not experience ischemic injury (Fig. 3A). 

Furthermore, livers from the CD47mAb400-treated group had significantly reduced 

inflammatory infiltrates in comparison with those from the IgG control group. Although the 

IgG control group had an average of 32.5 ± 3.6 [standard deviation (SD) = 11.38] 

inflammatory cells per high-power field (HPF), liver sections from recipients treated with 

CD47mAb400 had only an average of 1.8 ± 0.3 (SD = 0.94) inflammatory cells per HPF. 

Liver sections from sham animals had an average of 0.7 ± 0.2 (SD = 0.63) inflammatory 

cells per HPF (P < 0.001; Fig. 3B). Quantitative assessment of the liver sections also taken 

48 hours after OLT revealed that the histological scores of injury were significantly higher 

in the IgG control group (2.7 ± 0.2, SD = 0.63) versus the CD47mAb400-treated group (1.5 

± 0.2, SD = 0.63) and the sham group (0.14 ± 0.01, SD = 0.03, P < 0.05; Fig. 3C).

Both TUNEL staining and caspase-3 activity were assessed in order to detect apoptosis in 

the liver tissue. Histologic examination showed fewer TUNEL-stained cells in the group 

treated with CD47mAb400 (Fig. 4A). Quantitative analysis (Fig. 4B) indicated that the 

control group treated with IgG had an average of 31.1 ± 0.3 (SD = 0.94) TUNEL-positive 

cells, whereas the CD47mAb400-treated group had an average of 3.6 ± 0.5 (SD = 1.58) 

positive cells, and the sham group had an average of 0.6 ± 0.3 (SD = 0.93) positive cells (P 
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< 0.001). Similarly, liver histology exhibited a reduction of activated caspase-3 staining in 

the group treated with CD47mAb400 (Fig. 4A). Quantification of the sections showed that 

the area fraction of cells stained for caspase-3 in the control group was 74.8% ± 1.4% (SD = 

4.42%), whereas the value for the CD47mAb400-treated group was 6.6% ± 0.2% (SD = 

0.63%), and the value for the sham group was 0.9% ± 0.4% (SD = 1.26%, P < 0.001; Fig. 

4C). These results show that CD47mAb400 treatment can lead to a significant reduction in 

hepatocyte apoptosis after OLT.

CD47mAb400 Reduces Expression of Inflammatory Mediators in Liver

The proinflammatory response was assessed in the liver tissues 48 hours after OLT. 

Concentrations of IL-6, IL-1β, and TNF-α were significantly elevated in the livers of 

animals treated with the IgG antibody in comparison with those treated with CD47mAb400 

or the sham animals (Fig. 5): IL-6 (26.9 ± 1.5 pg/mg of protein for control IgG versus 16.4 ± 

1.1 pg/mg of protein for CD47mAb400, P = 0.017), IL-1β (205.33 ± 20.2 versus 101.78 ± 

15.1 pg/mg of protein, P = 0.033), and TNF-α (5.21 ± 0.4 versus 3.30 ± 0.5 pg/mg of 

protein, P = 0.031). These results indicate that treatment of the donor graft and the recipient 

animal at the time of reperfusion with CD47mAb400 results in a reduction of the 

proinflammatory response in the transplanted liver.

CD47mAb400 Treatment Reduces Oxidative Stress

Mitochondrial dysfunction and resulting oxidative stress are key factors in IRI.10 IRI is 

associated with increased production of ROS and rising levels of , which is a major 

mediator of cellular injury. We used the fluoroprobe DHE to visualize the intracellular 

generation of superoxide anions. Sections of liver from IgG- and CD47mAb400-treated rats 

were stained with DHE and examined with confocal microscopy, and the intensity of the 

immunofluorescence signal was quantified. DHE staining was significantly increased in the 

IgG control group versus the group treated with CD47mAb400 (Fig. 6A). The area fraction 

of staining in the IgG control group was 69.7% ± 2.4% (SD = 7.58%), whereas the area 

fraction in the CD47mAb400-treated group was 12.6% ± 2% (SD = 7.2%), and the area 

fraction in the sham group was 2% ± 0.5% (SD = 1.58%; P < 0.05; Fig. 6B).

Under physiological conditions, liver perfusion is mainly regulated by endothelial nitric 

oxide synthase (eNOS) expression along with small amounts of NO. However, IRI leads to 

increased iNOS expression in the liver, which leads to the production of large amounts of 

NO, which can interact with superoxide to form peroxynitrite that can damage liver tissue. 

We measured the iNOS expression in the liver tissues 48 hours after OLT. The results 

showed that the level of iNOS was elevated in the IgG control group and was reduced in the 

CD47mAb400-treated group (P < 0.05; Fig. 6C,D).

We also measured the tissue expression level of 3-nitrotyrosine 48 hours after OLT with 

ELISA. The mean concentration of 3-nitrotyrosine in the control group was 53.5 ± 1.1 

nmol/g of tissue (SD = 3.47), whereas the average concentration in the treatment group was 

significantly less at 36.8 ± 1 nmol/g of tissue (SD = 3.16), and the value for the sham group 

was 9.5 ± 0.5 nmol/g of tissue (SD = 1.58, P < 0.05; Fig. 6E). The reduction of 

proinflammatory cytokines triggered by CD47mAb400 treatment was associated with a 
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significant decline in oxidative stress in the grafts. These results suggest that CD47mAb400 

protects the graft against ROS production during OLT.

DISCUSSION

During OLT, IRI leads to a number of pathological changes, including an inflammatory 

response and a rise in ROS resulting in oxidative stress that can ultimately damage cells and 

lead to cell death. This study implicates CD47 as a potential target for reducing IRI and 

improving patient outcomes for the first time in the setting of liver transplantation. 

Interestingly, when administered solely to the donor, CD47mAb400 resulted in no 

significant survival benefit. However, when the antibody was given to both the donor and 

the recipient, a significant survival benefit was observed in the group that received the 

CD47mAb400. These results suggest that administration of the antibody to both the 

recipient and the donor graft effectively reduces IRI and improves overall survival 

outcomes.

NO is synthesized enzymatically from L-arginine in numerous cell types by distinct 

isoforms of the enzyme nitric oxide synthase (NOS). Under normal physiologic conditions, 

only the eNOS isoform is constitutively expressed by the liver and generates low transient 

concentrations of NO (picomolar to nanomolar) in response to agonist stimulation to 

regulate blood flow because of its potent vasodilatory effects.25-27 The NO generated by 

eNOS also has antiinflammatory properties28 and is thus beneficial in reducing ischemic 

insults and improves tissue survival.29 Blockade of the TSP-1/CD47 interaction enhances 

the production of NO generated by eNOS.30,31 However, under stressful conditions such as 

ischemia and transplantation, the inducible form of iNOS expression is induced, and this 

generates high sustained amounts (nanomolar to micromolar) of NO.32 The subsequent 

interaction of iNOS-derived NO with the superoxide anions that are generated by the 

ongoing oxidative stress following liver transplantation results in the production of 

peroxynitrite molecule and can elicit cytotoxicity and tissue damage. In addition, it has been 

reported in other studies that inhibition of iNOS can attenuate IRI in the ischemia-insulted 

tissues.33 The reduction in iNOS expression in the CD47mAb400-treated livers appears to 

result from the enhanced NO signaling and its antiinflammatory effects, one of which is to 

reduce the expression of inflammatory enzymes such as iNOS.

Studies have shown that the downstream effects of the inhibitory CD47/TSP-1 signaling 

pathway exacerbates IRI by reducing eNOS-derived NO signaling and that blocking this 

inhibitory interaction reduces IRI and increases the viability of various ischemic tissues after 

reperfusion. In a mouse renal IRI warm transient ischemia model, CD47 knockout mice 

were protected against tubular damage and renal dysfunction. In our previous work with a 

syngeneic rat model of renal transplantation, administration of CD47mAb before 

transplantation led to a marked improvement in post-transplant survival and lower levels of 

renal injury.34 In this study, CD47 expression was significantly up-regulated after cold 

ischemia and OLT. However, TSP-1 expression was not elevated during cold ischemia, and 

this could be due to the elimination of blood cells, including platelets, by the donor flush 

after procurement. Furthermore, our data showed that the administration of CD47mAb400 

reduced both CD47 and TSP-1 expression 48 hours after OLT. Hence, this blocking effect 
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of CD47/TSP-1 interaction reduced IRI and improved survival in the experimental rat model 

of OLT with a long period of cold ischemia. Moreover, the data showed that giving 

CD47mAb400 to both donors and recipients reduced hepatocellular injury, inflammatory 

cell influx, the production of inflammatory mediators, and necrosis.

During IRI, IL-1β plays a critical role in recruiting neutrophils,35 whereas TNF-α is a key 

mediator of the immune response and is involved in both the inflammatory response as well 

as necrosis.36 We showed that IL-1β, IL-6, and TNF-α expression were reduced in livers 

treated with CD47mAb400, and this correlated with the reduction in liver injury. The 

impaired sinusoidal blood flow is also reported to be linked to decreased intrahepatic energy 

(adenosine triphosphate depletion) and subsequent hepatocyte dysfunction.37-39 This 

phenomenon is considered to be the predominant form of cell death in transplanted livers.40 

The significant reduction in hepatocyte apoptosis after OLT in the CD47mAb400 group 

highlights the possible therapeutic effects of CD47 blockade in OLT.

IRI leads to oxidative stress and the production of ROS, which damages liver tissue.9,41 Our 

data indicate that CD47mAb400 treatment leads to a significant reduction in iNOS 

expression and ROS production, and this suggests the ability of this antibody to diminish 

oxidative stress during IRI. Peroxynitrite (ONOO−), which is a product of iNOS-derived NO 

and super oxygen radical interactions, can lead to severe molecular and cellular damage 

upon its production. We evaluated the intensity of protein damage caused by peroxynitrite 

anion by measuring the presence of 3-nitrotyrosine in tissue extracts. The administration of 

CD47mAb400 caused a marked reduction in the concentration of 3-nitrotyrosine in liver 

tissues of donors versus the control group.

In conclusion, we demonstrated that the blockade of the CD47 receptor and thus the CD47/

TSP-1 inhibitory pathway resulted in the protection of hepatocytes during transplantation 

and decreased liver injury after an extended cold ischemic period. Additionally, we provided 

evidence that the administration of a CD47 antibody to both the recipient and the donor 

enhanced the overall outcomes in comparison with the treatment of the donor organ alone in 

a liver transplantation model. Together, the data suggest that CD47mAb400 administration 

to the liver graft and also to recipients may be useful for improving patient outcomes in liver 

transplantation, particularly with longer preservation time periods.
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eNOS endothelial nitric oxide synthase

HPF high-power field

IgG immunoglobulin G

IL interleukin

iNOS inducible nitric oxide synthase

IRI ischemia/reperfusion injury
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OLT orthotopic liver transplantation

ROS reactive oxygen species

SD standard deviation
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TBIL total bilirubin
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TSP-1 ligand thrombospondin-1
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Figure 1. 
Animal survival outcome when CD47mAb400 was administered (A) to the donor organ 

only and (B) to both the donor and recipient. (C) AST, ALT, and TBIL concentrations at 0 

and 48 hours after transplantation in animals subjected to OLT. Kaplan-Meier survival 

curves for both CD47mAb400 and IgG control groups (n = 10 for each group) showed a 

trend in prolonging survival in the CD47mAb400-treated donor organ group; however, there 

was no difference between the groups 48 hours after transplantation. In contrast, the 

treatment of both the donor organ and the recipient with CD47mAb400 significantly 

increased the survival of the recipients. In addition, liver enzymes and markers were 

significantly lower in recipients that received the CD47mAb400 injection as well as 

CD47mAb400-treated donors (P < 0.05).
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Figure 2. 
Western blot analysis of CD47 and TSP-1 expression levels (A,B) during cold ischemia and 

(C,D) 48 hours after OLT. A significant elevation of CD47 protein with little change in 

TSP-1 expression after cold ischemia was noted after 18 hours of cold ischemia in 

comparison with livers that were flushed and then immediately frozen. The expression of 

both CD47 and TSP-1 protein was reduced 48 hours after OLT in CD47mAb400-treated 

recipients versus the IgG group (P < 0.05).
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Figure 3. 
(A) Hematoxylin and eosin staining of liver sections of sham, IgG, and CD47mAb400-

treated groups 48 hours after OLT (×200, upper panel; ×400, lower panel). (B) 

Inflammatory cell counts and (C) histological scores of recipient liver tissues of the sham, 

IgG, and CD47mAb400-treated groups. Significantly fewer inflammatory cells (P < 0.001) 

and a significantly lower histological score (P < 0.05) were shown in the CD47mAb400-

treated group versus the IgG control group. Data are shown as mean ± SEM. Inflammatory 

cells are circled.
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Figure 4. 
(A) TUNEL assay and caspase-3 associated activity for localization of apoptotic cells in 

liver sections of sham, IgG, and CD47mAb400-treated groups 48 hours after OLT. Graphs 

quantifying (B) TUNEL-positive cells per HPF and (C) caspase-3–associated activity in rats 

subjected to OLT. Data are shown as mean ± SEM. TUNEL-positive cells were significantly 

reduced in the CD47mAb400-treated group (P < 0.001). Activated caspase-3 was markedly 

lower in the CD47mAb400 group (P < 0.001). TUNEL-positive cells are indicated by black 

arrows.

Xiao et al. Page 15

Liver Transpl. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
ELISA results for proinflammatory cytokines in the liver homogenate of the recipients. 

Concentrations of the proinflammatory cytokines IL-6, IL-1β, and TNF-α were significantly 

reduced in the CD47mAb400-treated group versus the IgG group. Data are shown as mean ± 

SEM.
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Figure 6. 
(A) DHE staining of liver sections visualized with confocal microscopy. (B) Quantitative 

analysis of immunofluorescence signals. (C,D) Western blot and quantitative analysis of 

iNOS and (E) expression of 3-nitrotyrosine in the recipient liver tissues collected 48 hours 

after OLT. The DHE staining signal was significantly lower in the CD47mAb400-treated 

group. Similarly, a quantitative analysis of immunofluorescence signals revealed a lower 

percentage of the area fraction in tissues from the CD47mAb400-treated group (P < 0.05). 

Expression of iNOS was also significantly reduced in the group treated with CD47mAb400 

versus the IgG control group (P < 0.05). Oxidative stress was markedly reduced in the group 

treated with CD47mAb400 as 3-nitrotyrosine expression versus the IgG group (P < 0.05). 

Data are shown as mean ± SEM.

Xiao et al. Page 17

Liver Transpl. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


