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Abstract 

Typical hemolytic uremic syndrome is caused by the Shiga toxin (Stx2) and lipopolysaccharide (LPS) 

of Escherichia coli and leads to acute kidney injury. The role of innate immunity in this pathogenesis 

is unclear. We analyzed the role of high-mobility group box 1 (HMGB1) at the onset of disease in a 

murine model.  

C57BL/6 mice were intraperitoneally administered with saline (Group A); anti-HMGB1 monoclonal 

antibody (Group B); Stx2 and LPS, to elicit severe disease (Group C); or Stx2, LPS, and anti-HMGB1 

antibody (Group D).  

While all Group C mice died by day 5 of the experiment, all Group D mice survived. Anemia and 

thrombocytopenia were pronounced, and plasma creatinine levels were significantly elevated in Group 

C only at 72 h. While at 72 h after toxin administration the glomerulus tissue in Group C showed pathology 

similar to that of humans, mesangial cell proliferation was seen in Group D. Plasma HMGB1 levels in 

Group C peaked 3 h after administration and were higher than those in other groups. Expression of the 

receptor of advanced glycation end-products and nuclear factor B, involved in HMGB1 signaling, 

was significantly elevated in Group C but not in Group D. Administration of anti-HMGB1 antibody 

in a murine model of severe disease inhibited plasma HMGB1 and promoted amelioration of tissue 

damage. HMGB1 was found to be involved in the disease pathology; therefore, controlling HMGB1 

activity might inhibit disease progression. 
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Introduction  

    Typical hemolytic uremic syndrome (tHUS), defined as a triad of microangiopathic hemolytic 

anemia, thrombocytopenia, and acute kidney injury, is a typical renal disease with endothelial cell 

dysfunction. Under electron microscopy (EM) examination, endothelial swelling and detachment 

from the basement membrane are observed in this disease [15, 16, 18, 26]. In most infant cases, the 

disease is caused by an infection with Shiga toxin 2 (Stx2) and lipopolysaccharide (LPS) produced 

by Escherichia coli, and is the most common cause of acute renal failure in children [16, 18]. Large-

scale outbreaks of tHUS have recently been reported in Japan and 15 countries in Europe [16]. The 

mortality of tHUS has been reported to be between 3 and 5%, and death from tHUS is nearly always 

associated with severe extrarenal disease, including central nervous system involvement. 

Approximately two-thirds of children with tHUS require dialysis therapy; approximately one-third 

show milder renal involvement without the need for dialysis [15, 16, 18, 26]. It is necessary to 

follow-up on tHUS patients over their entire lifetime, since the disease is associated with a variety of 

sequelae, such as chronic kidney disease [30], neurological sequelae [7, 27], and endocrine 

dysfunction [31, 31a]. Because a standard treatment for tHUS has not yet been established, further 

clarification of the pathology and efficient drugs are necessary.  

Elevated plasma levels of tumor necrosis factor-alpha (TNF-) and interleukin (IL) 6 in 

patients with tHUS are consistently reported. Indeed, circulating levels of TNF- and IL-6 correlate 

with tHUS severity and the occurrence of extrarenal complications [24, 28]. It is hence thought that 

such circulating factors are associated with tHUS development. The inhibition of inflammatory 

cytokines, therefore, may present a strategy against tHUS. 

Pattern-recognition receptors (PRRs), such as Toll-like receptors, nucleotide-binding 

oligomerization domain-containing protein 2, and the receptor of advanced glycation end-products 

(RAGE), are innate immune system receptors. They recognize pathogen-associated molecular 

patterns (PAMPs), which are structural components of a variety of microbes, and activate the innate 



immune system. In addition, PRRs appear to recognize damage-associated molecular patterns 

(DAMPs), which are released by dead or dying cells, particularly by cells that face unscheduled 

death. Activation of the innate immune system by both PAMPs and DAMPs stimulates the 

production of pro-inflammatory cytokines, e.g., TNF- and IL-6, and affects the migration of 

immune cells, including neutrophils, macrophage, and monocytes, and the maturation of dendric 

cells [5, 11, 19].  

High mobility group box-1 (HMGB1) was originally identified as a ubiquitous DNA-

binding protein [10] and is now also recognized as a DAMP [14]. HMGB1 has been proposed to be a 

crucial mediator in the pathogenesis of many diseases, such as sepsis [38], autoimmunity [6], and 

acute lung inflammation [1]. The molecule can be released passively by necrotic cells, and/or 

actively secreted by macrophages or monocytes into the extracellular milieu [21]. Extracellular 

HMGB1 can elicit the production of proinflammatory cytokines that induce inflammatory responses 

through several immune receptors, including TLR4 [41] and RAGE [12, 37].  

Since tHUS is a microangiopathy caused by an E. coli infection, PAMPs and DAMPs are thought to 

be involved in its development. However, only a few reports on the association between PAMPs and 

DAMPs, and the development of tHUS have been published. Here, we investigated the role of 

HMGB1 in tHUS and explored whether anti-HMGB1 monoclonal antibody (mAb) can inhibit tHUS 

development by inhibiting HMGB1 activity in a mouse model of tHUS. 

 

 

 

 

 

 

 



Materials and methods 

Animal Ethics 

The current study was approved by the Control of the Animal Research Committee in accordance 

with the Guidelines on Animal Experiments in Fukushima Medical University (FMU), and the Rules 

for the Protection and Care of Animals (approval number 29075). All experiments were performed in 

compliance with the EU Directive 2010/63/EU for animal experiments 

(http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm). 

 

Experimental animals and establishment of the mouse tHUS model 

Animal experiments involved 8-week-old male inbred C57BL/6 mice (20–25 g body weight, n = 

100) (Japan SLC, Inc., Shizuoka, Japan). The animals had free access to water and a standard pellet 

diet and were monitored daily.  

Stx2 was produced in the E. coli DH5 strain harboring the pLPSH3 plasmid, and purified using 

immunoaffinity chromatography [23, 32]. LPS (O55: B5) was purchased from Sigma-Aldrich (St. 

Louis, MO). As needed, the mice received intraperitoneal injections of Stx2 (225 ng/kg, 10.0 ml/kg) 

and LPS (300 g/kg, 10.0 ml/kg) as previously described [17]. The time of Stx2 and LPS injection 

was defined as 0 h. Each mouse was checked for general symptoms of disease and weighed daily. 

Although the ethical endpoint was defined as the time when a mouse reached < 70% of its maximum 

weight, all mice in Group C died of natural causes before the ethical endpoint. 

 

Administration of anti-HMGB1 mAb to tHUS mouse 

The anti-HMGB1 mAb (immunoglobulin G1 subclass; Antibodies-Online, Atlanta, GA) was 

administered by intraperitoneal injection (0.5 mg/kg, 10.0 ml/kg). The dose of anti-HMGB1 mAb 

(0.5 mg/kg mouse) was considered sufficient, since a 7-d survival rate was unchanged upon 

administration of a larger dose (data not shown). 



 

Experimental protocol 

Mice were divided into four groups (n = 25 per group); those administered normal saline at 0 h 

(Group A, control) or anti-HMGB1 mAb at 0 h (Group B); tHUS model mice (Group C); and tHUS 

model mice administered with anti-HMGB1 mAb at 0 h (Group D). Each drug was administered as a 

peritoneal injection (10 ml/kg). Blood samples were collected from 5 mice in each group, under 

anesthesia with ketamine hydrochloride (80 mg/kg) and xylazine hydrochloride (10 mg/kg), at 0, 3, 

6, 24, and 72 h after treatment administration. Mice were then sacrificed by cervical dislocation, and 

their kidneys were removed, cut into sections, and processed for LM, EM analysis and 

immunohistochemical microscopy (IHM). 

 

Survival rate analysis 

The survival rate for the tHUS model mice and those administered with anti-HMGB1 mAb was 

monitored daily until day 7 (n = 5). Then the rate of bodyweight decline was recorded daily for all 

mice. 

 

Histological examination of LM, EM and IHM 

LM 

The renal tissue was fixed in buffered formalin and embedded in paraffin. Sections (2–3-m thick) 

were individually stained with hematoxylin and eosin, PAS, and periodic acid-silver methenamine, 

then observed under a light microscope. Three independent evaluators semi-quantitatively graded the 

extracellular matrix accumulation in each quadrant at 20 glomeruli per kidney, on a scale from 0 to 3, 

as follows. Endothelial injury scores: (0) absence of mesangiolysis; (1) mesangial area exhibiting 

slight lucency (0–25% mesangial cells disrupted); (2) mesangial area exhibited moderate lucency 

(25–50%) with preservation of the underlying glomerular tuft architecture; and (3) mesangial area 



exhibits marked lucency (50–100%) with degeneration and disruption of mesangial cells, usually in 

association with microaneurysm formation. Mesangial cell proliferation scores: 0, absence of 

mesangial cell proliferation; (1) slight increase in mesangial cell numbers; (2) moderate increase in 

mesangial cell numbers; and (3) a marked increase in mesangial cell numbers. 

 

EM 

A small portion of one pole of the kidney was minced into 1-mm cubes, fixed in 2.5% 

glutaraldehyde, then in 1% chrome-osmium solution, and embedded in Epon 812. Ultrathin sections 

were stained with uranyl acetate and lead citrate was examined and photographed using a Jem-

1200EX electron microscope (Jeol, Ltd., Tokyo, Japan). 

 

IHM 

The immunoperoxidase staining for HMGB1 was evaluated as follows. Three observers 

semiquantitatively calculated the rate of HMGB1 negative cells per glomerular whole cells in each 

quadrant in 20 glomerular cells per kidney. Primary antibodies included rabbit anti-mouse HMGB1 

polyclonal antibodies which were used for IHM (Abclonal Technology, Woburn, MA). The 

biotinylated secondary antibodies included an anti-rabbit ABC Staining System Kit (Santa Cruz 

Biotechnology Inc., Santa Cruz, CA) which was used for IHM with co-staining hematoxylin-eosin, 

according to manufacturers' instructions. 

 

Measurement of HMGB1, creatinine, and cytokine levels, and analysis of peripheral blood cells 

Mice were euthanized and whole blood was collected in hematology tubes containing tripotassium 

ethylenediaminetetraacetic acid for cell count analysis. Whole blood was left to coagulate at 25 C 

for 10 min, after which the samples were centrifuged at 1500  g at 4 C for 10 min, and plasma was 

collected. Plasma HMGB1, creatinine, and plasma cytokine levels were then determined. HMGB1 



and creatinine levels were measured using commercially available enzyme-linked immunosorbent 

assay kits (HMGB1: Shino-test, Kanagawa, Japan; creatinine: Wako Pure Chemical Industries, Ltd., 

Osaka, Japan). IL-6 and TNF- levels were determined using a mouse cytokine/chemokine-magnetic 

bead panel (Millipore, Billerica, MA) and a Luminex 100 system (Millipore).  

 

Real-time polymerase chain reaction (PCR) 

Total RNA from the renal tissues was extracted using the mirVana miRNA isolation kit (Thermo 

Fisher Scientific, Waltham, MA) and subsequently used for mRNA level analysis. Total RNA 

concentration was determined using the Qubit 3 fluorometer (Thermo Fisher Scientific). RNA was 

reverse-transcribed to complementary DNA (cDNA) using the high-capacity cDNA reverse 

transcription kit (Thermo Fisher Scientific) and the iCycler (Bio-Rad Laboratories, Inc. Hercules, 

CA), according to the manufacturers’ instructions. The cDNA was used as a template for PCR using 

the QuantStudio 6 Flex real-time PCR system (Thermo Fisher Scientific). To analyze gene 

expression, real-time PCR was performed using the TaqMan gene expression systems (Thermo 

Fisher Scientific), according to the manufacturer’s protocol. The following TaqMan primers were 

used for analysis of gene expression: Gapdh, Mm99999915_g1; Rage, Mm01134790_g1; and Nfkb 

(p65), Mm00501346_m1. Data were normalized to Gapdh expression using the comparative cycle 

threshold (Ct) method. 

 

Statistics 

Values are expressed as the mean ± SD. Data were analyzed by the Steel-Dwass test, Mann-Whitney 

U test, and log-rank test (Kaplan-Meier). Statistical analysis was performed using Ekuseru-Toukei 

2012 Excel add-in statistical analysis software (Social Survey Research Information Co. Ltd., Tokyo, 

Japan). A P-value of < 0.05 was considered statistically significant. 

 



Results 

Anti-HMGB1 mAb significantly improved the survival and body weight decline in the mouse 

tHUS model  

For the mouse model of tHUS, the survival rate and body weight loss ratios in Groups C and D are 

shown in Figures 1a and 1b, respectively. All Group C mice died by day 5 of the experiment, 

whereas all Group D animals survived (P < 0.01). While the body weight loss in Group D was small, 

that in Group C was prominent 4 d after disease onset. The body weight loss ratio in Group C 5 d 

after disease onset was lower than that in Group D (–18.2 ± 2.5% vs. –10.2 ± 4.4%, P < 0.05). 

 

Anti-HMGB1 mAb improved the tHUS triad: intergroup comparison of the peripheral blood 

cell counts and plasma creatinine levels 

The erythrocyte count in Group C at 72 h was significantly lower than that in all other groups (776.4 

± 75.6  104/l, P < 0.05; Fig. 2a). Fragmented erythrocytes were observed in Group C mice 72 h 

after the administration of Stx2 and LPS (Fig. 2b).  

The platelet count in Group C at 72 h was lower than that in all other groups (15.3 ± 3.9  

104/l, P < 0.05; Fig. 2c). Although the platelet count in Group D indicated thrombocytopenia at 24 

h, it improved at 72 h. No significant difference in platelet counts was apparent among Groups A, B, 

and D after 72 h.  

The plasma creatinine levels in Group C at 72 h were higher than those in all other groups (0.7 ± 0.2 

mg/dl, P < 0.05; Fig. 2d). Although the plasma creatinine levels in Group D tended to be elevated 

after 6 h, there were no significant differences between that group, and Groups A and B.  

 

Anti-HMGB1 mAb significantly reduced kidney injury after the administration of Stx2 and 

LPS  

Light microscopy (LM) findings 



Endothelial injury in Groups C and D developed gradually, 3 h after the administration of tested 

compounds (Fig. 3a). Group C endothelial injury scores at the tested time-points were all higher than 

those in other groups (P < 0.05). Compared to the endothelial injury scores in Group C, those in 

Group D were milder and peaked at 24 h.  

Although there were no significant differences in the mesangial cell proliferation scores in Group C 

during disease development, those in Group D increased gradually after administration of Stx2, LPS, 

and HMGB1 mAb (Fig. 3b).  

No mesangiolysis, cystic dilation, mesangial cell proliferation, or increase in the mesangial matrices 

were apparent in Groups A and B (Fig. 4a and 4b, respectively). Severe mesangiolysis and cystic 

dilation of the glomerular tuft were observed, but no mesangial cell proliferation or increase in 

mesangial matrices were noted, in Group C (Fig. 4c). Slight cystic dilatation of the glomerular tuft 

and mesangial cell proliferation were seen in Group D (Fig. 4d).  

 

EM findings 

The EM findings at 72 h, for Groups C and D, are shown in Figure 4. In Group C, degeneration of 

endothelial cells and cystic dilatation of the glomerular tuft, presence of a fibrin-like substance, and 

abnormal hemocoagulation were noted (Fig. 4e). In Group D, the structure of the glomerular tuft was 

maintained, and the endothelial cells formed immature capillary-like lumina (Fig. 4f). 

 

IHM findings 

The IHM findings and glomerular HMGB1 negative staining rates for all groups are shown in Figure 

5. The non-injured cells were stained with brown in nuclear HMGB1. An increased tendency was 

observed during immunostaining of the negative cells in Group C (Fig. 5a) and D (Fig. 5d), and at 6 

h, those in Group C were more numerous than those in Group D. Moreover, the negative rates for 

HMGB1 staining of Group C were higher than those in other groups at 6 h and 72 h (P < 0.01; Fig. 



5e). 

 

Involvement of HMGB1 in disease development of the mouse tHUS model: anti-HMGB1 mAb 

inhibited the release of IL-6 and TNF- after Stx2 and LPS administration 

After 3 h, plasma HMGB1 levels in Group C were higher than those in the other groups (3 h: 248.4 ± 

30.6 ng/ml, P < 0.05; Fig. 6a). Plasma HMGB1 levels in Groups B and D increased slightly, but not 

significantly, after 24 h.  

Plasma TNF- levels in Group C peaked after 6 h and were higher than those in the other 

groups (64.9 ± 13.8 pg/ml, P < 0.05; Fig 6b). The levels in Group D peaked after 3 h, were lower 

than those in Group C, and were suppressed from 6 h onwards.  

After 3 and 6 h, the plasma IL-6 levels in Group C were higher than those in other groups (3 h: 

6117.8 ± 2304.6 pg/ml, P < 0.05; 6 h: 1414.5 ± 516.0 pg/ml, P < 0.05; Fig. 6c).  

 

Anti-HMGB1 mAb attenuated RAGE and nuclear factor (NF) B expression in the kidney 

after Stx2 and LPS administration  

Since RAGE and NF-B are involved in HMGB1 signaling [3], expression of the encoding genes 

was compared across all Groups at 0, 6, and 72 h. Kidney expression of Rage and Nfkb genes in all 

groups are shown in Figures 7a and 7b, respectively. The normalized expression of both genes in 

Group C was higher than that in other groups (Rage: 6 h: 3.6 ± 0.7, P < 0.05, 72 h: 2.3 ± 0.5, P < 

0.05; Nfkb: 6 h: 4.2 ± 1.3, P < 0.05, 72 h: 3.0 ± 0.5, P < 0.05). In contrast, no such increase was 

apparent in Group D at 6 and 72 h. 

 

Discussion 

     In the current study, we investigated the role of HMGB1 in the development of tHUS and the 

possibility of administering anti-HMGB1 mAb as a possible tHUS treatment, in the mouse model. 



We observed that all Group C mice, which had received Stx2 and LPS, died by day 5 following 

administration, whereas all Group D mice, were additionally administered with anti-HMGB1 mAb, 

and survived the observation period. The tHUS triad was not apparent in Group D. Further, although 

endothelial cell injury was noted in Group C animals, only mild endothelial cell injury was apparent 

in the Group D animals. Mesangial proliferation was observed in Group D animals, reflecting 

improvement in tissue injury because of HMGB1 inhibition with anti-HMGB1 mAb. HMGB1 

staining negative rates were observed in Group C and D, which indicated HMGB1 was released 

extracellularly via tHUS development. While HMGB1 staining negative rates increased in the Group 

C animals, only mild increases in rates were apparent in Group D animals. High plasma HMGB1 

levels were only observed in Group C, which indicated the release of HMGB1 extracellularly and the 

association of HMGB1 with tHUS development. Accordingly, the increase of Rage and Nfkb 

expression involved in HMGB1 signaling was significantly inhibited by anti-HMGB1 mAb in Group 

D, and IL-6 and TNF- levels were suppressed by a positive-feedback inhibition. 

Various animal models have been used to investigate the pathology of tHUS. Although the 

baboon model of tHUS, reported by Taylor, exhibited a pathology similar to human tHUS, its full 

pathophysiology has not been completely investigated [34]. Since large animal models are usually 

expensive and impractical, small animal models were developed subsequently. In 2004, Ikeda et al. 

reported that LPS and Stx2 could be used to establish a tHUS mouse model [13]. In 2006, Keepers et 

al. reported that C57BL/6 mice induced by LPS and Stx2 could be used to model the triad of tHUS 

in humans [17]. Although this mouse model does not reflect the precise HUS found in humans as 

described below in the limitations, this mouse model has been useful for the identification of 

therapeutic targets and the development of new treatments for tHUS. Indeed, we had previously 

reported the involvement of vascular endothelial growth factor in the recovery process after renal 

injury and the efficacy of recombinant human soluble thrombomodulin in tHUS [23, 32].  

HMGB1, a DAMP, is an evolutionarily conserved protein that is abundant in the nuclei of 



almost all eukaryotic cells. Originally, this protein was thought to mainly function as a nonhistone 

chromatin-binding protein, stabilizing the chromatin structure and modulating gene transcription 

[29]. HMGB1 was also reported to be passively released extracellularly via processes such as cell 

death, and upon cell stimulation by PRR ligands, such as LPS [5]. Extracellular HMGB1 molecules 

are considered to be recognized by PRRs, such as RAGE, thereby inducing inflammatory cytokines, 

such as TNF- and IL-6, mainly by activating the NF-B pathway [3]. Furthermore, RAGE is the 

primary binding receptor for HMGB1, and the interaction between RAGE and HMGB1 induces an 

inflammatory response via NF-B activation [14]. HMGB1-induced signaling can result in the 

expression of RAGE via a positive feedback loop [36], activating the NF-B pathway, and 

facilitating the immune response. Since HMGB1 signaling promotes inflammation, HMGB1 is 

implicated in various disease states, such as sepsis [39], ischemia-reperfusion [35], arthritis [2], 

meningitis [33], neurodegeneration [25], aging [9], and cancer [20]. HMGB1 antagonists have been 

reported to improve the state of such diseases as sepsis and pneumonia, induced by influenza A virus 

(H1N1) in animal models [22, 38]. Consequently, effective regulation of HMGB1 signaling has been 

receiving a lot of attention recently. Although it is thought that both PAMPs and DAMPs are 

associated with tHUS development because tHUS is a form of microangiopathy caused by E. coli 

infection, the association between the development of tHUS and HMGB1 has not been reported to 

date.  

According to the manufacturer (Antibodies-Online), anti-HMGB1 mAb used in the current study 

was monoclonal and recognized the C-terminal sequence of HMGB1 (box B) located near the 

RAGE-binding domain. Hence, in the current study, we speculated that ① the extracellular release 

of HMGB1 was triggered by E. coli infection and tHUS microangiopathy stimulated RAGE; ② 

cytokines including TNF- and IL-6 were released by activating the NF-B pathway induced by 

HMGB1–RAGE signaling; ③ furthermore, the positive feedback loop was induced with HMGB1 

and released by tHUS development. We also speculated that the extracellular release of HMGB1 



triggered by the E. coli infection and tHUS microangiopathy were inhibited by anti-HMGB1 mAb, 

and the ensuing development of tHUS and kidney injury was moderated due to the inhibition of 

HMGB1–RAGE signaling and the positive-feedback loop between HMGB1 and the 

proinflammatory cytokines, including TNF- and IL-6. 

One limitation of the current study was that the features of the mouse model of tHUS did 

not fully recapitulate tHUS in humans, since the mouse glomerular endothelium lacks the Gb3 

receptor [17]. To further evaluate the efficacy of anti-HMGB1 mAb for tHUS treatment, it would be 

necessary to investigate it in the baboon model of tHUS, where Gb3 receptor is present. 

Furthermore, we focused on the association between HMGB1 and tHUS development; however, to 

evaluate a possible new therapy for tHUS, further studies of the dose and frequency of anti-HMGB1 

mAb administration, as a post-treatment regimen in tHUS models, would be necessary. Finally, we 

did not use HMGB1 knock-out mice in the current study because it has been reported that all 

newborn HMGB1-/- mice die within a few days [8], and the HMGB1 conditional knock-out mice are 

more sensitive to endotoxin shock induced by LPS compared with the control mice [40]. Although it 

may be effective to use HMGB1 hetero mice, which is a speculative model with partial inhibition of 

HMGB1, little is known about the role of HMGB1 in inflammation. Therefore, further research will 

be necessary in the future. 

In conclusion, we revealed the involvement of HMGB1 in the development of tHUS. 

Administration of anti-HMGB1 antibody in a murine model of severe tHUS inhibited plasma 

HMGB1 and cytokine release, and ameliorated tissue damage. These observations suggested that 

controlling HMGB1 signaling may inhibit the progress of tHUS. 
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Figure 1: Comparison of the survival curves and the body weight loss between Group C and D 

animals. (a) Comparison of the survival curves using the log-rank test; P = 0.009 vs. Group C, n = 5 

per group (b) Comparison of the body weight loss using the Mann-Whitney U test. Data are 

expressed as the mean ± SD; vs. Group D (*P < 0.05), n = 5 per group. 
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Figure 2: Intergroup comparison of the mean erythrocyte counts, mean platelet counts, and plasma 

creatinine levels. (a) Comparison of the erythrocyte count using the Steel-Dwass test. Data are 

expressed as the mean ± SD; *P < 0.05 vs. each group, n = 5 per group per point. (b) Fragmented 

erythrocytes (arrow) were observed in the peripheral blood of Group C mice 72 h after Stx2 and LPS 

administration. (c) Comparison of the platelet count using the Steel-Dwass test. Data are expressed as 

the mean ± SD; *P < 0.05 vs. each group, n = 5 per group per point. (d) Comparison of the plasma 

creatinine levels using the Steel-Dwass test. Data are expressed as the mean ± SD; *P < 0.05 vs. each 

group, n = 5 per group per point. 
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Figure 3: Intergroup comparison of the pathological finding scores. (a) Endothelial injury scores in 

mouse groups. Data are expressed as the mean ± SD; *P < 0.05 vs. each group using the Steel-Dwass 

test, n =5 per group per point. (b) The mesangial cell proliferation scores in mouse groups. Data are 

expressed as the mean ± SD; *P < 0.05 vs. each group using the Steel-Dwass test, n = 5 per group per 

point.  
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Figure 4: The effect of administration of various compounds on LM and EM findings in the murine 

model of tHUS. (a), (b) No mesangiolysis, cystic dilation, mesangial cell proliferation, or increase of 

the mesangial matrices were observed 72 h after the administration of normal saline or anti-HMGB1 

mAb in Groups A (a) and B (b), respectively [LM finding, periodic acid-Schiff stain (PAS) 400]. (c) 

72 h after the administration of Stx2 and LPS in Group C, endothelial cell injury, severe mesangiolysis, 

and cystic dilation of the glomerular tuft were observed, but no mesangial cell proliferation or increase 

in the mesangial matrices were apparent (LM finding, PAS 400). (d) Slight cystic dilatation of 

glomerular tuft and mesangial cell proliferation were observed 72 h after the administration of Stx2, 

LPS, and anti-HMGB1 mAB in Group D (LM finding, PAS 400). The images are representative of 



n = 5 biological replicates. (e) Severe mesangiolysis, degeneration of endothelial cells, cystic dilatation 

of the glomerular tuft, and abnormal coagulation were observed 72 h after the administration of Stx2 

and LPS in Group C (EM finding, 3000). (f) The structure of the glomerular tuft was maintained, and 

endothelial cells were observed forming immature capillary-like lumina 72 h after the administration 

of Stx2, LPS, and anti-HMGB1 mAb in Group D (EM finding, 3000). The images are representative 

of n = 5 biological replicates. 
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Figure 5: The effects of the administration of various compounds and the changes observed by 

immunostaining of HMGB1 over time in all groups (IHM finding, 400). (a) HMGB1 negative cells 

tended to increase after the administration of Stx2 and LPS in Group C over time. (b), (c) HMGB1 

negative cells were not increased 6 h after the administration of normal saline or anti-HMGB1 mAb 

in Groups A (b) and B (c), respectively. (d) HMGB1 negative cells were slightly increased 6 h after 

the administration of Stx2, LPS, and anti-HMGB1 mAB in Group D. (e) Intergroup comparison of the 

HMGB1 staining negative rates in mouse groups. Data are expressed as the mean ± SD; **P < 0.01 

vs. each group using the Steel-Dwass test, n=5 per group per point. 
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Figure 6: Intergroup comparison of the plasma HMGB1 levels and plasma cytokine levels. The data 

were compared using the Steel-Dwass test. (a) Comparison of the plasma HMGB1 levels. Data are 

expressed as the mean ± SD; *P < 0.05 vs. each group, n = 5 per group per point. (b) Comparison of 

the plasma TNF- levels; *P < 0.05 vs. each group, n = 5 per group per point. (c) Comparison of the 

plasma IL-6 levels. Data are expressed as mean ± SD; *P < 0.05 vs. each group, n = 5 per group per 

point. 
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Figure 7: The renal expression of genes involved in HMGB1 signaling in different groups of animals. 

Rage (a) and Nfkb (p65) (b) mRNA levels in the kidney of animals from different groups were 

compared. The results were normalized to the expression of glyceralaldehyde-3-phosphate 

dehydrogenase (Gapdh) gene. The basal expression level in Group A mice was calibrated as 1.0. Data 

represent the mean ± SD; *P < 0.05 vs. each group using the Steel-Dwass test, n = 5 per group per 

point. 

 


