14

J Tokyo Wom Med Univ

. . 81(3) 178~184 (2011)
Original
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Takayuki SATO, Yoshizumi DEGUCHI, Hiroyasu SUGA,
Masayoshi NISHINA and Takao NAKAGAWA

Department of Emergency and Critical Care Medicine, Tokyo Women's Medical University Medical Center East
(Accepted April 15, 2011)

We performed a comparative study of the ability of different immunoglobulin preparations to increase
insulin-like growth factor (IGF)-1 and reduce the severity of sepsis in sepsis patients. Sixty-three sepsis patients
showing high concentrations of soluble E-selectin (SES) were divided into three treatment groups: Group S, 26 pa-
tients administered freeze-dried sulfonated human immunoglobulin at 5 g/day for 3 days; Group I, 16 patients ad-
ministered intact human immunoglobulin at 5 g/day for 3 days; and Group C, 21 untreated controls. IGF-1 con-
centrations were assayed prior to treatment (Day 0) and on Days 1, 3, 5 and 7, and comparisons were performed
regarding SOFA (sequential organ failure assessment) score for various outcomes, including severity of sepsis
and time connected to a respirator. In Group S, IGF-1 concentration increased significantly from Day 0 to Day 7
(p<0.05). However, no marked increases in IGF-1 concentration over time were seen in Groups I or C. Compari-
son of IGF-1 concentrations on Day 7, showed significantly higher levels in Group S than in Group I. SOFA scores
tended to be lower in Group S than in Group I on Day 7. Respirator time was reduced in Group S compared with
Group C (p<<0.05). The three groups showed no significant differences in terms of mortality rate as of Day 28.
Based on these findings, freeze-dried sulfonated human immunoglobulin appears likely to be effective in treating

sepsis by enhancing anti-inflammatory activity via promotion of IGF-1 production.
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Introduction

In sepsis, prolonged systemic inflammatory re-
sponse syndrome (SIRS) can reportedly lead to se-
vere sepsis, with complications of organ failure and
a high mortality rate”. Eliminating SIRS quickly by
means of therapeutic intervention is essential”. In-
travenous immunoglobulin (IVIg) preparations have
been subjected to re-evaluation studies in Japan,
and efficacy has been demonstrated in severe cases
of infection that did not respond to a 3-day course of
antibiotics?. In addition, by exerting immunostimu-
latory actions, IVIg has been shown to be effective
in treating inflammatory diseases other than severe
infections. In recent years, the plasma concentra-
tion of soluble E-selectin (SES) has been shown to
reflect the extent of vascular endothelial cell dam-
age and can provide a useful index for predicting

3)~6)

the onset of organ failure®™. Moreover, animal

studies have shown that freeze-dried sulfonated hu-
man immunoglobulin (Ig), an IVIg, exerts anti-
inflammatory activity by increasing production of
insulin-like growth factor (IGF)-1 and inhibiting pro-
duction of tumor necrosis factor (TNF). This anti-
inflammatory activity is not seen with other Igs®.
The present study, conducted in sepsis patients
with high SES levels, investigated the efficacy of
IVIg in eliminating SIRS and preventing organ
damage via mediators such as IGF-1. We also inves-
tigated whether different IVIg preparations
showed differences in efficacy.
Materials and Methods

Between April 2007 and March 2010, a total of 63
patients (35 men, 28 women) with high-SES (>29.7
ng/ml)” sepsis were brought to our emergency and
critical care center. Patients were randomly allo-

cated into three treatment groups to perform an
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Table 1 Patient characteristics

slg ilg Control
(Group S)  (GroupI) (Group C)

Respiratory diseases 16 8 12
(e.g., pneumonia)
Digestive system -8 4 4
diseases
Urological diseases (e.g., 1 1 0
urinary tract infection)
Others 1 3 5

Total 26 16 21

Table 2 Characteristics of each group on Day 0

slg ilg Control
(Group S) (Group I) (Group C)
Age (years) 7096+18.02 6256+1617 6595+15.12
SES (ng/ml)  6892=x4511 8415+5240 51.65%51.71
IGF-1 (ng/ml) 79946576 7688+4997 7348+40.80
SOFA score 56+27 68+3.6 52+29
(mean = SD)

open-label comparative study by the envelope
method: Group S, 26 patients administered freeze-
dried sulfonated human Ig (VenilonI®, Teijin
Pharma, Tokyo) at 5 g/day for 3 days; Group I, 16
patients administered a different intact human Ig
( Venoglobulin-IH®, Mitsubishi Tanabe Pharma;
Osaka or Glovenin-I®, Takeda Pharmaceutical,
Osaka) at 5 g/day for 3 days; or Group C, 21 patients
not administered any Ig. Blood samples were col-
lected on the day on which treatment was started
(Day 0) and on Days 1, 3, 5 and 7. Comparisons were
performed regarding the serum SES level, serum
IGF-1 level and SOFA (sequential organ failure as-
sessment) score for evaluating the severity of sep-
sis. Surviving patients were compared with regard
to the time connected to a respirator. Statistical
testing for significance was performed using the t-
test. Assay of IGF-1 concentration in this study was
performed after obtaining approval (No. 984) from
the Institutional Review Board of Tokyo Women's
Medical University, and all patients provided writ-
ten informed consent prior to enrollment in the
study.
Results

Tables 1 and 2 show patient background data.

Mean patient age and SOFA score on Day 0 did not
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Fig. 1 Changes in serum levels of soluble E-selectin
(SES)
Values are expressed as mean = SD.
Closed diamonds, sIg (Group S); closed squares, ilg
(Group J); closed triangles, controls.
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Fig. 2 Changes in serum levels of IGF-1
Values are expressed as mean £ SD.
Closed diamonds, sIg (Group S); closed squares, ilg
(Group I); closed triangles, controls.
*p<0.05 vs. sIg on Day 0.

differ significantly between groups (Table 2). Fig-
ure 1 shows the temporal profiles of serum SES lev-
els in each group. SES levels on Day 0 were 68.92 =
45.11 ng/ml in Group S, 84.15+52.40 ng/ml in Group
I and 51.65 +51.71 ng/ml in Group C. No significant
differences were found among the three groups in
terms of SES concentration on Day 0. Figure 2
shows temporal profiles of serum levels of IGF-1 as
a function of whether Ig was administered. In
Group S, IGF-1 level increased significantly from
79.94 % 65.76 ng/ml on Day 0 to 116,67 +63.94 ng/ml
on Day 7 (p<0.05). However, no marked increases
in IGF-1 level over time were seen in Groups I or C.
In addition, comparison of serum IGF-1 levels on
Day 7 showed that levels were significantly higher
in Group S (116.67 + 63.94 ng/ml) than in Group I
(76.86 = 44.97 ng/ml, p<0.05) or Group C (92.23 +
3865 ng/ml, p<005) (Fig. 3). Changes in SOFA
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Fig. 3 Serum levels of IGF-1 on Day 7
Values are expressed as mean = SD.
*p<<0.05 vs. ilg (Group I); * *p<0.05 vs. control (Group
©)
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Fig. 4 Changes in total SOFA score
Open bar, Day 0; closed bar, Day 7.
Values are expressed as mean * SD.

score accompanying administration of each Ig in
Groups S and I were also compared on the basis of
Day 0 and Day 7 scores. Figure 4 shows that, al-
though no significant differences were present,
scores tended to be lower in Group S than in Group
I on Day 7. Finally, comparison was performed re-
garding the time surviving patients in each group
were connected to a respirator. Mean respirator
times were 8.84 £ 10.95 days in Group S, 14.18 +
1312 days in Group I and 14.94 = 1351 days in
Group C. Although no significant differences were
seen between Groups S and I, respirator time
tended to be shorter in Group S. However, time on a
respirator was significantly shorter in Group S than
in Group C (p<0.05; Fig. 5). On Day 28, the three
groups showed no significant differences in terms of
mortality rate.
Discussion

Igs are produced by plasma cells, and are thought

of as antibodies having the function of host de-
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Fig. 5 Mean duration of mechanical ventilation for
each group
Values are expressed as mean = SD.
*p<0.05 vs. controls (Group C).
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Fig. 6 Structure of sulfonated immunoglobulin
Sulfonated immunoglobulin has the interchain disulfide
bond selectively sulfonated.
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fense”. IVIg preparations include purified IgG, and
have been used primarily as immunostimulants in
patients with severe infections of neutropenia. IVIg
is thought to act by binding of the specific antibod-
ies contained therein to antigens, resulting in ex-
pression of activity in preventing infections as a re-
sult of functions such as opsonization activity, com-
blement activation, neutralization of toxins and vi-
ruses and antibody-dependent cytotoxicity®™”. In
Japan, administration of IVIg at 5 g/day for 3 days
with antibiotics has been reported as effective in

?® However, Oka-

the treatment of severe infections
jima et al. investigated a freeze-dried sulfonated Ig

(Venilon-I®) in animal studies and showed expres-
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sion of not only activity in preventing infections, but
also anti-inflammatory activity in regard to sepsis®.

Freeze-dried sulfonated human Ig is an Ig in
which the disulfide bonds (S-S bonds) in the IgG
molecules have been selectively sulfonated (Fig. 6).
The physicochemical properties are considered to
be the same as those of other intact Igs. However,
Okajima et al. demonstrated that freeze-dried sul-
fonated human Ig expresses anti-inflammatory ac-
tivity by interaction of the Fcy portion with recep-
tors on the surface of sensory neurons, stimulating
those neurons and thus promoting production of
IGF-1 and inhibiting production of TNF?. In addi-
tion, simultaneous animal studies demonstrated
that these activities are observed only with sul-
fonated human Ig, and activation is not seen with
other intact Igs”. These characteristics of sul-
fonated human Ig are very intriguing.

To date, the pathogenesis of severe sepsis has
been thought to be as follows. In addition to the tis-
sue damage caused by the pathogens themselves,
stimulation by factors such as endotoxin causes
monocytes to produce large amounts of TNF, an in-
flammatory cytokine. TNEF acts on damaged cells,
activates the caspase group of proteolytic enzymes,
and as a result causes apoptosis. These processes
are thought to promote neutrophil accumulation,
damage vascular endothelial cells via neutrophil
elastase and radical oxygen species, cause circula-
tory damage, increase apoptosis in damaged tissues,
and in the end cause organ dysfunction and com-
plete the pathogenesis of severe sepsis”?” ™.

With the objective of supporting those earlier ani-
mal study findings, we decided to perform studies
aimed at elucidating whether IVIg expresses the
same anti-inflammatory activity clinically, and
whether all IVIg preparations express similar anti-
inflammatory activity. We thus focused on IGF-1 as
the target molecule for evaluating anti-inflammato-
ry activity. IGF-1 is a peptide that belongs to the
IGF group, having a molecular weight of 7,500. For-
merly called somatomedin, IGF-1 is now considered
to play important roles in the growth, differentia-
tion and maintenance of the function of cells as a
factor that acts via growth hormone'® ™. Research

17

has elucidated that, in the presence of noxious stim-
uli, vascular endothelial cells and sensory nerves
are activated by substances produced as a result of
tissue damage, and that calcitonin gene-related pep-
tide (CGRP) is released from the sensory nerve end-
ings™®. In addition, the endothelial nitric oxide syn-
thase (eNOS) becomes activated, and anti-infla-
mmatory activity is expressed via cyclooxygenase
1 and prostaglandin (PG)I. and PGE.”". Further-
more, in this process, production of IGF-1 is pro-
moted by CGRP and PGE,, and IGF-1 inhibits the
previously mentioned caspase .3 and endothelial
monocyte-activating polypeptide-Il, a leukocyte
chemotactic factor, thereby resulting in expression
of anti-iinflammatory activity by inhibiting leuko-

919 We surmised

cyte accumulation and apoptosis
that measuring changes in serum IGF-1 levels
would enable measurement of the therapeutic ef-
fects of anti-inflammatory activity in severe sepsis.
Moreover, we have provided support for this con-
cept by reporting that the change in serum IGF-1
level in patients with septic DIC can serve as a
marker that reflects the efficacy of treatment®.

The experimental subjects of the present study
consisted of 63 patients with high-SES (>29.7 ng/
ml)” sepsis who were brought to our emergency
medical care center. E-selectin is a leukocyte adhe-
sion factor on the cell membrane of vascular endo-
thelial cells, and earlier research revealed that
plasma levels of the soluble form, SES, are elevated
at the time of TNF-induced damage to vascular en-
dothelial cells”. In addition, Suga® and Kobayashi et
al® from our department reported that SES is use-
ful for judging subsequent organ damage in sepsis
patients and predicting outcomes. The high-SES pa-
tients investigated in the present study can thus all
be considered as severe sepsis cases. Based on the
earlier results generated in animal studies, we ran-
domly allocated subjects into three treatment
groups to perform an open-label comparative study
using the envelope method.

The three treatment groups were compared with
regard to temporal changes in serum IGF-1 level
and SOFA score (used to evaluate the severity of
sepsis). Groups were also compared in terms of the
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time patients were connected to a respirator, which
reflects the clinical status of the most characteristic
symptoms of sepsis: acute lung injury (ALI); and
acute respiratory distress syndrome (ARDS). Se-
rum IGF-1 level, which had been measured over
time, was significantly elevated in Group S on Day 7
compared with Day 0 (start of treatment), whereas
no significant elevations were seen in Group I (ad-
ministered another intact Ig) or Group C (not ad-
ministered any Ig). These results can be explained
on the basis that in Group S, the increase in serum
IGF-1 level was due to drug administration and re-
flects the therapeutic effects of the drug. In addi-
tion, even when comparing all three groups on Day
7, the serum IGF-1 level was significantly higher
only in Group S, a result supported by Okajima et
al” in animal studies. This result indicates that anti-
inflammatory activity was generated only in Group
S. In addition, SOFA score, used to evaluate the se-
verity of sepsis, tended to be decreased in Group S
following administration of freeze-dried sulfonated
human Ig. This result appears to reflect alleviation
of the organ damage and expression of a therapeu-
tic effect that improves the sepsis. In an earlier

® from our institution, we reported that the

study
improvement rate for multiple organ failure was
significantly higher in a group administered freeze-
dried sulfonated human Ig than in a group of intact
human Ig and not administered any Ig, supporting
the present results.

In septicemia, the lung is the major target organ
of the body due to the presence of vascular endo-
thelial cells. With the objective of evaluating the ef-
fects of each Ig on the status of ALI/ARDS, we
compared the three patient groups in terms of the
time patients had to be on a respirator. Respirator
time tended to be shorter in Group S than in the
other two groups; in particular, respirator time was
significantly shorter in Group S than in Group C.
Deguchi et al.? used the PO./FiO. (P/F) ratio to
evaluate the effects of treatment on ALI/ARDS, re-
porting that administration of freeze-dried sul-
fonated human Ig improved the P/F ratio com-
pared with the pretreatment ratio. That finding is
evidence of expression of a therapeutic effect by

freeze-dried sulfonated human Ig, similar to our
present findings of reduced time the patient had to
be on a respirator.

In this study, the three groups showed no signifi-
cant differences in terms of mortality rate as of Day
28. We suspected that mortality rate might more
strongly reflect other factors such as side effects,
rather than sepsis, and more detailed examination
of this issue is warranted in the future.

The present clinical study has elucidated that
production of IGF-1 is promoted in sepsis patients
administered freeze-dried sulfonated human Ig.
This finding can be thought to represent clinical
proof of a cascade of events that has been identified

in earlier experiments™ ™

. Acting via sensory
nerves, freeze-dried sulfonated human Ig promotes
production of CGRP and thus production of IGF-1.
In the treatment of sepsis, failure of initial therapy
can lead to progression to severe sepsis in some pa-
tients, accompanied by organ damage, septic shock
accompanied by a drop in blood pressure, and fi-
nally a serious, life-threatening state. We think that
the anti-inflammatory activity expressed by freeze-
dried sulfonated human Ig and documented in the
present study, when combined with conventional
treatments for sepsis, will help to prevent worsen-
ing of the severity of sepsis cases in the future.
Conclusion

In comparison with other intact Igs, freeze-dried
sulfonated human Ig appears likely to prove effec-
tive in treating sepsis by expressing anti-
inflammatory activity via promotion of IGF-1 pro-
duction.
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BUfE IS T 2EEARE ST O T L REAOFMMEORKRET
REZRFEMRFRER L ¥ 7 —HEERMN (58 - h)IEEZR)

+ory ¥ hax oy A =¥ F VRS

Uil #E WD B AR UK BE-R

S, RBAGUBGHEL VY -~ WA SNZHRIEEMZ D RICA YA YHEKERT-1 (insulin-like
growth factor-1 : IGF-1) DEAR R EREELENR L E2EERE 7)) VEKIMCRERE L, 204H
PRIz o W T B RRE L 7.

T E-selectin (soluble E-selectin : SES) & OBl 2 BMEEFICH L, ERANVKEARIEFOCTY ¥
B (5g/day:3 HRM) (SA) 266U, intact WASRIEZ 07 ) V¥ (5g/day:3 HM) I#) 16, k58 (C
B) 21plo 3BT, SR (BO0H), %5% 1,35 7HADIGR1 #E2EEL, RIEDEEE L LT
SOFA score, MPR#EEERIM % &% WA L. 2R, IGF-1 X, SHIZBVWTE7HRAKEBVT, &
ORADMEICH L THEELR LA D2 (p<005). L2L, Mo 2 BIZOoWTIZERNIC IGF-1 EniEE 2 FA
RO LN o7z £, B7HAOZEIZBIH1MH IGF-1EICOWTHELAE 2 A, SEIZMMO 2 B
L, AEELZL o THELZ R L7 (p<005). E512, BREI 1T V#5128 SOFA score DZEALIZDWT
WBHE L7, 2088, SHTR, MANEEZEERVIOOIHICEEL, £7RA RS ZHAD. /2,
BEOEFHNIH L, ATIFRERZEEMBICOWT, BRET L7z, SEE, IBRELIITAEREZZRP o705, AL
e AEMMOERE RO, —HCBIZH LTI, AEES®D > TALIFRIFES M OB Sz
(p<005). %dB, 3HEEXREBLHA, EF8 AFARCRIIOWTIAREZERIAON R o7

P EXDERZVFEARE S T T Y i, IGF-1 OEAZ L S &, PIREFEHEZRBET 5 2 L1128 ) BuiE
ERICBWTERSRISEF NS,
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