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Haptoglobin exerts renal protective function by scavenging free hemoglobin from the urine and blood

stream in patients with hemolytic disorders. Recent studies elucidate the relationships between hapto-

globin and inflammation. In addition, coagulopathy is often induced by systemic inflammation charac-

terized by the presence of vascular endothelial damage. We hypothesize that haptoglobin might have

an anti-inflammatory effect and affect hypercoagulability using rat burn model. Thirty anesthetized rats

of six-weeks of age received over 30% full-thickness scald burn on the dorsal skin surface. All rats were

injected with either haptoglobin (Hpt) or normal saline (NS) intraperitoneally. The rats were divided

into three groups: 1) control group (NS 20 mL/kg); 2) low concentration of Hpt group, L-Hpt, (Hpt 4

mL (80 U)/kg+NS 16 mL/kg); and 3) high concentration of Hpt group, H-Hpt, (Hpt 20 mL (400 U)/kg).

While under anesthesia, all rats were euthanized by exsanguination at 6 hours (N=5) and 24 hours (N=

5). Inflammatory and anti-inflammatory cytokines were measured and whole-blood viscoelastic tests

were performed by thromboelastometry (ROTEM). Haptoglobin significantly reduced free hemoglobin

24 hours after the injury. Improvement of hematuria was confirmed in the H-Hpt group. There were no

differences in thrombin-antithrombin complex and plasmin-α2 plasmin inhibitor complex. The hapto-

globin tended to decrease interferon-gamma (IFN-γ) in H-Hpt group. ROTEM findings of the L-Hpt

group showed significantly higher clot firmness and shorter time to maximum clot formation velocity

than the control group. Haptoglobin reduced INF-γ, and accelerated speed of clot formation in acute

phase of severe burn. (J Nippon Med Sch 2017; 84: 64―72)
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Introduction

Severe burn injury induces systemic inflammation and

results in intravascular hemolysis. Free hemoglobin (Hb),

which is released into the blood stream, binds to hapto-

globin, a hemoglobin scavenger, and is eventually de-

graded in the liver1,2. Although massive hemolysis accel-

erates the consumption of haptoglobin, unbound free Hb

goes through the renal glomerulus and is reabsorbed in

the renal tubular epithelial cells where free radicals can

damage epithelial cells3.

In Japan, haptoglobin (Japan Blood Products Organiza-

tion, Tokyo, Japan) has been approved for hemoglobine-

mia and hemoglobinuria following profound hemolysis

in patients with severe burn, a massive transfusion, or

open-heart surgery using extracorporeal circulation. One

of the main effects of haptoglobin is to protect renal

function by means of scavenging free hemoglobin from

the urine and blood stream4. Recent studies show that
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haptoglobin has anti-inflammatory effects when hepato-

cytes are stimulated by various kinds of inflammation5―8.

Supplementation of haptoglobin prevents infection re-

lated acute lung injury, and improves organ dysfunction

and clinical outcome in animals and human9―11. Further-

more, a closed bi-directional relationship between inflam-

mation and coagulation is known in various severely ill

patients12,13. Hypercoagulability evoked by severe thermal

injury is often related to a disseminated intravascular co-

agulation (DIC) and multiple organ failure14,15. However,

it is unclear that the impact of haptoglobin on the asso-

ciation between inflammation and coagulation in acute

phase of severe burn. In this study, we hypothesized that

haptoglobin might affect the burn related inflammation

and hypercoagulability using rat severe burn model.

Materials and Methods

Animals

All protocols are approved by the Institutional Ethics

Committee for animal experiments of Saga University

(No.240340). Six-week-old male Sprague-Dawley rats

(Kyudo. Co., Ltd., Saga, Japan) weighing 222.4 to 249.2 g

were used in this study. Animals were allowed to accli-

mate to their surroundings for 5 days. Commercial rat

chow and tap water were available freely throughout the

experimental periods.

Rat Burn Injury Model and Study Design

The burn model in this study produced full-thickness

skin scald on about 30% of the total body surface area

under inhalation anesthesia with isoflurane16. Thirty rats

were assigned to normal saline (NS) group (n=10), low

concentration of haptoglobin (L-Hpt) group (n=10), and

high concentration of haptoglobin (H-Hpt) group (n=10).

All rats were intraperitoneally injected either with 20

mL/kg of normal saline (NS) or 80 units (4 mL)/kg of

haptoglobin and 16 mL/kg of normal saline (L-Hpt), 400

units (20 mL)/kg of haptoglobin (H-Hpt), respectively, at

the same time of the burn injury. The 80 units/kg of hap-

toglobin is a recommended dose for clinical use in case

of massive hematuria, and 400 units/kg was used as a

high dose according to the drug information company

provided17. We selected an intraperitoneal route to ad-

ministrate every drug because it was more simple and

faster than the intravenous and oral routes. All injured

rats were observed in their cages until recovering from

anesthesia. Local anesthesia (2% lidocaine jelly) was ap-

plied to the burn wound, in addition to gauze and ban-

dages. All animals were euthanized by exsanguination

under deep anesthesia at 6 hours (n=5 per group) and 24

hours (n=5 per group) after the burn injury.

Evaluation of Hematuria, Hemolysis, and Hyperco-

agulability

Urine samples were obtained by bladder puncture im-

mediately after exsanguination. We determined the pres-

ence of hematuria by Uro-Paper III (EIKEN Chemical

CO., LTD., Tokyo, Japan). The degree of hematuria was

interpreted as “none (-),” “mild (+/- or +),” and “severe

(++ or +++),” respectively. We also checked the level of

free Hb (colorimetric methods; BML, Inc., Tokyo, Japan)

in the plasma to evaluate severe burn-induced hemolysis.

Plasma thrombin-antithrombin complex (TAT; enzyme

immunoassays; BML, Inc., Tokyo, Japan) and plasmin-α2

plasmin inhibitor complex (PIC; latex agglutination;

BML, Inc., Tokyo, Japan) values were measured in order

to confirm hypercoagulability and hyperfibrinolysis in

the severe burn model.

Bio-PlexⓇ Cytokines Array Assay

To evaluate the activated induction of inflammatory

cytokines, plasma samples were tested for multiple cy-

tokines using the Bio-Plex Pro Rat Cytokine Th1/Th2 As-

say (Bio-Rad Laboratories, California, USA). The cytoki-

nes tested include interleukin (IL)-1α, IL-1β, IL-2, IL-4,

IL-5, IL-6, IL-10, IL-12, IL-13, interferon-gamma (IFN-γ)

and tumor necrosis factor-alpha (TNF-α). The values be-

low the detection limits were defined as zero.

Thromboelastometry (ROTEMⓇ) Analysis

Whole blood viscoelastic tests were performed using

ROTEM (Tem International GmbH, Munich, Germany)

within 90 minutes of blood sampling. We evaluated the

extrinsic coagulation pathway, which was mildly acti-

vated with a tissue factor (EXTEM). Parameters analyzed

in the EXTEM include the clotting time (CT), the ampli-

tude at 10 min (A10), 20 min (A20) after the CT, maxi-

mum clot firmness (MCF), clot formation time (CFT), the

alpha angle (α), the maximum Lysis (ML), and the time

to maximum clot formation velocity (MAXV-t). The RO-

TEM was run more than 60 minutes at 37℃.

Statistical Analysis

To evaluate the statistical differences of every parame-

ter between the groups, non-parametric statistics were

performed. The p values were derived from the Mann-

Whitney U test and Kruskal Wallis test for continuous

variables after Bonferroni correction for multiple com-

parisons. A Chi-square test for categorical variables was

also used. Values of p<0.05 were considered significant.

The statistical analysis was performed using IBM SPSS

version 22.0 (SPSS Inc., Chicago, IL, USA).
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Fig.　1　Free Hb (A) and TAT values (B) in a severe burn model.

Haptoglobin significantly decreased free Hb after 24 hours compared with six hours without concentration depen-

dency. In addition, haptoglobin administration groups showed smaller variations of TAT value compared with NS 

group. However, there was no statistical significance within each group.

Hb, hemoglobin; TAT, thrombin-antithrombin complex; NS, normal saline; L-Hpt, low concentration of haptoglobin; 

H-Hpt, high concentration of haptoglobin. **, p<0.01.

A B**
**

Table　1　The degree of hematuria after the administration 

of haptoglobin or normal saline in the severe 

burn model

NS L-Hpt H-Hpt p value

6 hours

none 0 0 0 

0.343mild 0 0 1

severe 5 5 4

24 hours

none 0 0 0

0.027mild 1 0 4

severe 3 5 1

Abbreviations: NS, normal saline; L-Hpt, low concentration 

of haptoglobin; H-Hpt, high concentration of haptoglobin.

Results

Of the 30 rats, one rat of the NS group died 30 minutes

after the burn injury even though all procedures were

performed in the same manner as in the other rats. The

cause of death was considered to be due to an acute cir-

culatory collapse. The other rats survived throughout the

study.

Hemolysis and Hematuria in Severe Burn Injury

Twenty-eight rats had severe macrohematuria six hours

after the injury and one rat in the H-Hpt group showed

mild macrohematuria. There was no statistical signifi-

cance. Interestingly, the macrohematuria was significantly

improved in the H-Hpt group 24 hours after injury (p<

0.05, Table 1). Furthermore, haptoglobin significantly de-

creased free Hb values at 24 hours after the injury, as

compared with values at six hours of the injury (p<0.01).

However, there was no concentration-related effect of

haptoglobin (Fig. 1).

Plasma TAT and PIC Values in Severe Burn Injury

TAT is known as a parameter of hypercoagulability, es-

pecially in the case of severe burn injury. Although there

were no significant statistical differences, the groups ad-

ministered with haptoglobin showed smaller variations

of TAT value compared with that in the NS group (Fig.

1). PIC, an indicator of fibrinolysis, fell below the meas-

urable limits in all rats (<0.2 μg/mL, data not shown).

Cytokine Analysis by BioPlex

Results of cytokine measurements by BioPlex revealed

that every cytokine showed a characteristic pattern re-

flecting systemic inflammation induced by severe ther-

mal stress, although there were a few which had statisti-

cal significance (Fig. 2, Table 2). Most of the cytokines

(IL-1α, IL-1β, IL-6, IL-10, IL-12, IL-13, IFN-γ, TNF-α) six

hours after injury in the NS group tended to increase at

24 hours after injury, whereas the others (IL-2, IL-4, and

IL-5) did not. On the other hand, all cytokines except IL-

6 and TNF-α in the L-Hpt group decreased during the

same time period. The H-Hpt group showed the same

tendency except IL-6 (Table 2). Especially in the L-Hpt

group, there were significant decreases in IL-5 (p<0.05)

and IL-10 (p<0.01) and a significant increase in IL-6 (p<

0.05) 24 hours after the injury when compared with the

values at six hours (Fig. 2). Furthermore, although no

significant differences in the level of cytokines were con-

firmed at six hours of injury in all groups, haptoglobin

tended to decrease IFN-γ at 24 hours after injury in the

high group compared with the NS group (p=0.062)



Effects of Haptoglobin in Rat Burn Model

J Nippon Med Sch 2017; 84 (2) 67

Fig.　2　The effect of haptoglobin on inflammatory cytokines in a severe burn model.

In the L-Hpt group, IL-5 (A), IL-6 (B) and IL-10 (C) showed significant differences after 24 hours of thermal injury 

compared with six hours. On the other hand, haptoglobin treatment tended to decrease IFN-γ (D) after 24 hours of 

the injury compared with NS group. 

IL, interleukin; IFN-g, interferon gamma; NS, normal saline; L-Hpt, low concentration of haptoglobin; H-Hpt, high 

concentration of haptoglobin. *, p<0.05; **, p<0.01.

**

C

A

D

B

** p=0.062

Table　2　The effects of various concentrations of haptoglobin on inflammatory cytokines by Bio-Plex analysis

NS L-Hpt H-Hpt

median 
after 

6 hours 
(pg/mL) 

median 
after 

24 hours 
(pg/mL) 

rate of 
change 

(%) 

median 
after 

6 hours 
(pg/mL) 

median 
after 

24 hours 
(pg/mL) 

rate of 
change 

(%) 

median 
after 

6 hours 
(pg/mL) 

median 
after 

24 hours 
(pg/mL) 

rate of 
change 

(%)

IL-1a  51.46  61.50 119.51  40.39  20.63 51.08  26.26 0.00   0.00

IL-1b 430.10 532.22 123.74 420.95 243.28 57.79 434.69 177.88  40.92

IL-2 193.12 164.17  85.01 185.69  63.19 34.03 178.14 41.49  23.29

IL-4  19.42   0.00   0.00   9.97   0.00  0.00  0.00 0.00

IL-5 243.88 213.35  87.48 232.87 120.27 51.65 213.43 116.86  54.75

IL-6  34.83  68.17 195.72  19.66  53.77 273.50  33.00 43.24 131.03

IL-10 259.43 459.50 177.12 294.94 177.27 60.10 297.71 156.81  52.67

IL-12  66.91  78.33 117.06  14.23  12.31 86.51  44.83 8.37  18.67

IL-13 109.97 125.89 114.47 106.04  49.99 47.14 109.97 38.71  35.20

IFN-g  45.95  46.64 101.49  19.28   0.00  0.00  50.16 1.83   3.65

TNF-a  28.08  36.16 128.77  18.12  19.56 107.95  29.35 659.00  22.45

Abbreviations: IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; NS, normal saline; L-Hpt, low concentration of 

haptoglobin; H-Hpt, high concentration of haptoglobin.
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Fig.　3　The effect of haptoglobin on the initiation of coagulation and strength of clot in a rat severe burn model.

A10 (B), A20 (C) and MCF (D) of all groups significantly increased at 24 hours post injury compared with 6 hours, al-

though no statistical difference was confirmed in the CT (A). Moreover, haptoglobin significantly increased A10 and 

A20 at 24 hours after the injury compared with NS group.

CT, clotting time; A, amplitude; MCF, maximum clot firmness; NS, normal saline; L-Hpt, low concentration of hapto-

globin; H-Hpt, high concentration of haptoglobin. *, p<0.05; **, p<0.01.

**
*

*
**

*

*

*

C

A

D

B

*

**
*

*

Burn Induced Hypercoagulability by ROTEM

The thromboelastometric analysis showed that A10,

A20 and MCF in all groups were significantly higher at

24 hours after burn injury than those at six hours (NS; p

<0.05, L-Hpt; p<0.01, H-Hpt; p<0.05, Fig. 3). Moreover,

statistical differences were observed in the A10 between

the L-Hpt group and NS group at 24 hours after injury

(p<0.05, Fig. 4). There were also significant differences in

the A20 between the L-Hpt group and NS group at 24

hours (p<0.01). The CFT of the L-Hpt and H-Hpt groups

was shorter at 24 hours after the injury compared with

six hours after injury (p<0.05). Additionally, the α angle

in the L-Hpt group significantly increased at 24 hours,

when compared to six hours after injury (p<0.05).

MAXV-t, which indicates the time to maximum velocity

of clot formation, in the haptoglobin administration

groups was significantly shorter at 24 hours than six

hours (L-Hpt; p<0.05, H-Hpt; p<0.01). Furthermore, the

MAXV-t of the L-Hpt group at 24 hours after injury was

significantly shorter than in the NS group (p<0.01). There

were no significant differences in CT and ML.

Discussion

We demonstrated that intraperitoneal administration of

haptoglobin reduced INF-γ and accelerated the speed of

clot formation using severe burn injury model that pre-

sents macro hematuria.

In the present study, all animals showed apparent

macro hematuria immediately after burn injury. This he-

maturia was improved by high concentration of hapto-
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Fig.　4　The effect of haptoglobin on accelerated clot formation and fibrinolysis in a rat severe burn model.

Haptoglobin significantly shortened CFT (A) and MAXV-t (D) and elevated α angle (B) 24 hours post injury com-

pared with 6 hours. Moreover, L-Hpt significantly shortened MAXV-t at 24 hours after the injury compared with NS 

group. No statistical difference was confirmed in the ML (C). 

CFT, clot formation time; ML, maximum lysis; MAXV-t, time to maximum clot formation velocity; NS, normal saline; 

L-Hpt, low concentration of haptoglobin; H-Hpt, high concentration of haptoglobin. *, p<0.05; **, p<0.01.
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*
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globin injected intraperitoneally at 24 hours after the

burn injury. On the other hand, low concentration of

haptoglobin could not subside hematuria adequately. It

might be expected that the intraperitoneal administration

haptoglobin does not reach as high blood concentrations

as intravenous injection to relieve the hematuria, but a

clear explanation is not apparent.

Haptoglobin is an acute phase protein and its produc-

tion in the hepatocytes is stimulated by IL-6 in patients

with severe burn injury5,6. Although there is little evi-

dence to date about other functions that haptoglobin

regulates, recent studies implicate that it may possess an

anti-inflammatory property7,8. The mechanisms in re-

sponse to acute inflammation are related to suppression

of proliferation of T cells and their cytokine production8.

In addition, the Hb-Hp complex binds to its receptor,

CD163, which is located on the surface of macrophages,

and then it is degraded to heme and globin. This induces

an anti-inflammatory effect triggered by heme decompo-

sition and an anti-oxidant effect by produced bilirubin2,18.

It has been published that the haptoglobin knockout

mouse is more susceptible to endotoxins, and its mortal-

ity rate is worse than the wild type19.

Serum IFN-γ levels are increased after burn injury of

small animals due to elevated IFN-γ production by Th1

cells which are stimulated with potent immunomodula-

tory signals from hyperactive macrophages20,21. Although

we did not set the control group (no burn or treatment),

the serum levels of IFN-γ increased as the size of burn in-

jury increased21. In fact, our severe burn model also
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showed an elevation of IFN-γ in the NS group. The ef-

fects of the immunomodulation of IFN-γ on the clinical

course of severe burn remain controversial, but several in

vivo and in vitro experiments indicate that the produc-

tion of IFN-γ is adversely associated with the wound

healing process and clinical outcome20,22―24. For example,

increased IFN-γ prolongs wound healing and suppresses

collagen synthesis by fibroblasts23. Additionally, acceler-

ated wound healing after severe scald burns23 and exci-

sions24 was observed in the IFN-γ knockout mouse com-

pared with the wild type. Importantly, this elevation of

IFN-γ was inhibited by the intraperitoneal injection of

haptoglobin at 24 hours after thermal injury. We con-

clude that the haptoglobin might possess an anti-

inflammatory effect after severe burn injury by potently

suppressing IFN-γ production.

One more interesting observation in our data was the

changes of variation in the data of every cytokine in each

group (Fig. 2). The greater variations in the level of all

cytokines were found in the NS group compared with

the haptoglobin groups. Unfortunately, the values of cy-

tokines in the NS group varied more than in the hapto-

globin group, which may have contributed to the inabil-

ity of achieving statistical significance during data analy-

sis. In addition, IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-12 and

IL-13 of the L-Hpt group and all cytokines in the H-Hpt

group had smaller variations after 24 hours compared to

six hours (data not shown). The median value of most of

the cytokines, except for IL-6, in the haptoglobin groups

decreased when comparing the values at six hours with

those at 24 hours after injury. These data suggest that

haptoglobin tends to dampen most of the cytokines in-

duced by severe burn injury (Table 2). Interestingly, hap-

toglobin did not inhibit IL-6 during this period. We pre-

sume that the haptoglobin concentration in the blood

stream was not sufficient enough to inhibit IL-6 because

it is known to be produced by various cells and keeps in-

creasing for the first five days in severe burn patients25,26.

Others reported that IL-6, which is released by LPS-

stimulated peripheral blood mononuclear cells, is not af-

fected by haptoglobin19.

Severe injury damages vascular endothelium, which

triggers systemic inflammation and inflammation-

induced coagulopathy27. Similar damage responses were

observed in patients with severe burn28. Hypercoagulabil-

ity is a characteristic of activated extrinsic coagulation

pathway in the damaged intravascular cells, which is

correlated with the severity and range of burn29―32. Unfor-

tunately, we could not find articles concerning associa-

tion between IFN-γ and acceleration of clot formation in

burn patients. However, upon a sequence of inflamma-

tion cascade, INF-γ produced by activated helper T cells

contributes to the inflammatory cells-mediated tissue fac-

tor production, which induced extrinsic hyper-

coagulation33,34. In the present study, ROTEM analysis re-

vealed that haptoglobin increased amplitude of clotting

and promoted clot formation in the early phase of blood

clotting. Haptoglobin did not affect the level of TAT/PIC,

despite smaller variations of TAT value was confirmed in

the groups administered with haptoglobin compared

with that in the NS group. Furthermore, there was no

pathological evidence of clot formation in liver, lung, and

kidneys (data not shown). These findings suggest that

ROTEM analysis was sensitive enough to detect mini-

mum degree of hypercoagulability induced by haptoglo-

bin within 24 hours after the burn injury. Indeed, RO-

TEM, which reflects coagulation cascade and its interac-

tion with activated platelet, is more physiologically than

conventional coagulation testing35. However, it is still

very difficult to interpret data between ROTEM, so called

point-of-care test using whole blood sample, and conven-

tional coagulation test such as the TAT and PIC. Our

study focused on the micro thrombi formation in the

early phase of burn injury, which is essential for protect-

ing the integrity of microcirculation around the burn site

by preventing bleeding at wounded vessels29,31. Although

the present study focused on the acute phase only, hy-

percoagulability caused by haptoglobin may play a vital

role in maintaining the microvascular patency.

The present study has several drawbacks. Small sam-

ple size is one of them. We could follow up in the only

acute phase of severe burn injury because of technical is-

sues. We also cannot overlook the fact that injection

method of haptoglobin is different from clinical situation.

Future researches using IV injection of haptoglobin in

same rat model will be needed to translate into clinical

setting. We did not measure platelet counts and fibrino-

gen that influence the amplitude of clotting and CFT in

EXTEM test36. However, there was no data to support the

relationship between haptoglobin administration and

platelet/fibrinogen values. Moreover, we could not meas-

ure other hematological parameters including chemistry

and standard coagulation tests due to severe burn in-

duced hypovolemia.

Burn-induced sepsis results in a much poorer outcome

due to multiple organ failure caused by both overwhelm-

ing coagulation and inflammation29,37,38. Therefore, the nor-

malization of coagulation system and improvement of
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systemic inflammation are essential to treat severe burn.

We would like to emphasize that IFN-γ and most of the

cytokines regulated by haptoglobin prevent life-

threatening systemic inflammatory responses, and cy-

tokine storm during the early phase of severe burn. It

should also be noted that the haptoglobin-related hyper-

coagulability is associated with a potential benefit of

keeping microcirculation in the burn wound site. Finally,

our data suggested that haptoglobin might be a novel

therapeutic drug that modulates the inflammation and

coagulation status in the early phase of severe burn.

In conclusion, the intraperitoneal administration of

haptoglobin exerted an anti-inflammatory effect and pro-

moted clot formation of extrinsic coagulation cascade in

rat severe burn model.

Acknowledgement: We are especially thankful to Manabu Ito

and Yosuke Mukai for giving us technical advice and exper-

tise. We also appreciate a lot of support on animal experi-

ments from Hitomi Nakao, Ikuko Nishioka and Eri Yoshihara.

I would like to express a great sense of gratitude to Ms. Janet

Markman who has offered continuing support for English ed-

iting.

Conflict of Interest: The authors report no proprietary or

commercial interest in any product mentioned or concept dis-

cussed in this article.

References
1．Andersen MN, Mouritzen CV, Gabrielli ER: Mechanisms

of plasma hemoglobin clearance after acute hemolysis in

dogs: serum haptoglobin levels and selective deposition

in liver and kidney. Ann Surg 1966; 164: 905―912.

2．Moestrup SK, Moller HJ: CD163: a regulated hemoglobin

scavenger receptor with a role in the anti-inflammatory

response. Ann Med 2004; 36: 347―354.

3．Baek JH, D’Agnillo F, Vallelian F, Pereira CP, Williams

MC, Jia Y, Schaer DJ, Buehler PW: Hemoglobin-driven

pathophysiology is an in vivo consequence of the red

blood cell storage lesion that can be attenuated in guinea

pigs by haptoglobin therapy. J Clin Invest 2012; 122:

1444―1458.

4．Ohshiro TU, Mukai K, Kosaki G: Prevention of hemo-

globinuria by administration of haptoglobin. Res Exp

Med (Berl) 1980; 177: 1―12.

5．Duan X, Yarmush DM, Jayaraman A, Yarmush ML: Dis-

pensable role for interferon-gamma in the burn-induced

acute phase response: a proteomic analysis. Proteomics

2004; 4: 1830―1839.

6．Galicia G, Maes W, Verbinnen B, Kasran A, Bullens D,

Arredouani M, Ceuppens JL: Haptoglobin deficiency fa-

cilitates the development of autoimmune inflammation.

Eur J Immunol 2009; 39: 3404―3412.

7．Langlois MR, Delanghe JR: Biological and clinical signifi-

cance of haptoglobin polymorphism in humans. Clin

Chem 1996; 42: 1589―1600.

8．Arredouani M, Matthijs P, Van Hoeyveld E, Kasran A,

Baumann H, Ceuppens JL, Stevens E: Haptoglobin di-

rectly affects T cells and suppresses T helper cell type 2

cytokine release. Immunology 2003; 108: 144―151.

9．Janz DR, Bastarache JA, Sills G, Wickersham N, May AK,

Bernard GR, Ware LB: Association between haptoglobin,

hemopexin and mortality in adults with sepsis. Crit Care

2013; 17: R272.

10．Yang F, Haile DJ, Berger FG, Herbert DC, Van Beveren E,

Ghio AJ: Haptoglobin reduces lung injury associated with

exposure to blood. Am J Physiol Lung Cell Mol Physiol

2003; 284: L402―L409.

11．Larsen R, Gozzelino R, Jeney V, Tokaji L, Bozza FA, Japi-

assu AM, Bonaparte D, Cavalcante MM, Chora A, Fer-

reira A, Marguti I, Cardoso S, Sepulveda N, Smith A,

Soares MP: A central role for free heme in the pathogene-

sis of severe sepsis. Sci Transl Med 2010; 2: 51ra71.

12．Levi M, van der Poll T, Buller HR: Bidirectional relation

between inflammation and coagulation. Circulation 2004;

109: 2698―2704.

13．Choi G, Schultz MJ, Levi M, van der Poll T: The relation-

ship between inflammation and the coagulation system.

Swiss Med Wkly 2006; 136: 139―144.

14．Garcia-Avello A, Lorente JA, Cesar-Perez J, Garcia-Frade

LJ, Alvarado R, Arevalo JM, Navarro JL, Esteban A: De-

gree of hypercoagulability and hyperfibrinolysis is related

to organ failure and prognosis after burn trauma. Thromb

Res 1998; 89: 59―64.

15．Lippi G, Ippolito L, Cervellin G: Disseminated intravascu-

lar coagulation in burn injury. Semin Thromb Hemost

2010; 36: 429―436.

16．Walker HL, Mason AD Jr: A standard animal burn. J

Trauma 1968; 8: 1049―1051.

17．Imaizumi H, Tsunoda K, Ichimiya N, Okamoto T, Namiki

A: Repeated large-dose haptoglobin therapy in an exten-

sively burned patient: case report. J Emerg Med 1994; 12:

33―37.

18．Dennis C: Haemoglobin scavenger. Nature 2001; 409: 141.

19．Arredouani MS, Kasran A, Vanoirbeek JA, Berger FG,

Baumann H, Ceuppens JL: Haptoglobin dampens

endotoxin-induced inflammatory effects both in vitro and

in vivo. Immunology 2005; 114: 263―271.

20．Sakallioglu AE, Basaran O, Karakayali H, Ozdemir BH,

Yucel M, Arat Z, Haberal M: Interactions of systemic im-

mune response and local wound healing in different burn

depths: an experimental study on rats. J Burn Care Res

2006; 27: 357―366.

21．Hultman CS, Napolitano LM, Cairns BA, Brady LA,

Campbell C, deSerres S, Meyer AA: The relationship be-

tween interferon-gamma and keratinocyte alloantigen ex-

pression after burn injury. Ann Surg 1995; 222: 384―389;

discussion 392―383.

22．Murray HW: Interferon-gamma and host antimicrobial

defense: current and future clinical applications. Am J

Med 1994; 97: 459―467.

23．Shen H, Yao P, Lee E, Greenhalgh D, Soulika AM:

Interferon-gamma inhibits healing post scald burn injury.

Wound Repair Regen 2012; 20: 580―591.

24．Ishida Y, Kondo T, Takayasu T, Iwakura Y, Mukaida N:

The essential involvement of cross-talk between IFN-

gamma and TGF-beta in the skin wound-healing process.

J Immunol 2004; 172: 1848―1855.

25．Van Snick J: Interleukin-6: an overview. Annu Rev Immu-

nol 1990; 8: 253―278.

26．Dehne MG, Sablotzki A, Hoffmann A, Muhling J, Dietrich

FE, Hempelmann G: Alterations of acute phase reaction



H. Koami, et al

72 J Nippon Med Sch 2017; 84 (2)

and cytokine production in patients following severe

burn injury. Burns 2002; 28: 535―542.

27．Demling RH: Burns. N Engl J Med 1985; 313: 1389―1398.

28．Gehrke CF, Penner JA, Niederhuber J, Feller I: Coagula-

tion defects in burned patients. Surg Gynecol Obstet 1971;

133: 613―616.

29．Lavrentieva A: Replacement of specific coagulation fac-

tors in patients with burn: a review. Burns 2013; 39: 543―
548.

30．Lazarus HM, Hutto W: Electric burns and frostbite: pat-

terns of vascular injury. J Trauma 1982; 22: 581―585.

31．Kowal-Vern A, Gamelli RL, Walenga JM, Hoppensteadt

D, Sharp-Pucci M, Schumacher HR: The effect of burn

wound size on hemostasis: a correlation of the hemostatic

changes to the clinical state. J Trauma 1992; 33: 50―56; dis-

cussion 56―57.

32．Wells S, Sissons M, Hasleton PS: Quantitation of pulmo-

nary megakaryocytes and fibrin thrombi in patients dy-

ing from burns. Histopathology 1984; 8: 517―527.

33．Kato J, Okamoto T, Motoyama H, Uchiyama R, Kirch-

hofer D, Van Rooijen N, Enomoto H, Nishiguchi S,

Kawada N, Fujimoto J, Tsutsui H: Interferon-gamma-

mediated tissue factor expression contributes to T-cell-

mediated hepatitis through induction of hypercoagulation

in mice. Hepatology 2013; 57: 362―372.

34．Hur J, Yang HT, Chun W, Kim JH, Shin SH, Kang HJ,

Kim HS: Inflammatory cytokines and their prognostic

ability in cases of major burn injury. Ann Lab Med 2015;

35: 105―110.

35．Ganter MT, Hofer CK: Coagulation monitoring: current

techniques and clinical use of viscoelastic point-of-care

coagulation devices. Anesth Analg 2008; 106: 1366―1375.

36．Schochl H, Nienaber U, Hofer G, Voelckel W, Jambor C,

Scharbert G, Kozek-Langenecker S, Solomon C: Goal-

directed coagulation management of major trauma pa-

tients using thromboelastometry (ROTEM)-guided ad-

ministration of fibrinogen concentrate and prothrombin

complex concentrate. Crit Care 2010; 14: R55.

37．Mann EA, Baun MM, Meininger JC, Wade CE: Compari-

son of mortality associated with sepsis in the burn,

trauma, and general intensive care unit patient: a system-

atic review of the literature. Shock 2012; 37: 4―16.

38．Lavrentieva A, Kontakiotis T, Bitzani M, Papaioannou-

Gaki G, Parlapani A, Thomareis O, Tsotsolis N, Giala

MA: Early coagulation disorders after severe burn injury:

impact on mortality. Intensive Care Med 2008; 34: 700―
706.

(Received,

(Accepted,

March

December

23, 2016)

20, 2016)


