


J Iwate Med Assoc Vol. 65, No. 5 {December 2013} pp. 333-341.

Assessment of hematopoietic factors in
sepsis patients and in sepsis patients with
disseminated intravascular coagulation

Koichi Hosukawa P, Masahiro Kojika ¥,
Gaku Takanasut? , Naoya Marsumoto” , Yasuhisa Fupno”
Yasushi Suzuki? , Yoshihiro Tnoue ? , Hivoyuki Nirta? ,
Go Wakapayastt? and Shigeatsu Enpo

¥ Department of Critical Care Medicine, School of Medicine,
Iwate Medical University, Morioka, Japan

2 Department of Surgery, School of Medicine,
Iwate Medical University, Morioka, Japan

{(Received on February 24 011 & Accepted on March 4 2011)

Abstract .

The number of sepsls patients has been tending
to Increase year by vear. In the present study
we conducted an analysis in relation to the cutcome
of sepsis patients centered on hematopoietic factors.
The parameters asseseed were the patient background
factors, severity of illness, and plasma hematopoietic
factor and cytokine values of 48 patients who
were brought to our center and diagnosed with
sepsis, Plasma thrombopoletin ('TPO) was signlficantly
higher in the group that died within 30 days{D30
group). Comparisons between the group that
survived and the group that died (D group}
showed that the leukemia inhibitory factor

{LIF), interleukin-11 (11.-11), and interleukin 3.
{1L.-3) values were all significantly higher in the
D group. Comparlson between a group of sepsis
patients diagnosed with disseminated intravascular
coagulation {DIC) and a group not diagnosed
with DIC on the basis of their DIC scores revealed
that ‘TPO, stem cell factor (SCF), and IL-11 values
were significantly higher'in the DIC group. TPO,
LIF, IL.-11, and IL-3 may be prognostic factors in
sepsis patients. The results also suggested that
TPO, SCF, and IL-11 may be important risk
factors in DIC patients.
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. Introduction

Sepsis is caused by a varjety of diseases
and pathological conditions, but pro-
inflammatory cytokines are known to
play important roles pathophysiologically.
Cytokines are also known o be important
factors in disseminated intravascular
coagulation (DIC), which is closely
associated with sepsis, and DIC often leads
to fatal conditions, including multiple organ

failure” . Tissue factors are released by
cytokine-activated monocytes, macrophages,
and vascular endothelial cells, Organ
damage in DIC secondary to sepsis is
thought to progress as a result of the
production of thrombin, fibrin, FDP, and
plasmin and the complement activation
associated with it acting synergistically
with neutrophil activation?. In addition,
there have been several reporis regarding
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inflammatory sepsis mediators that are
related to the pathogenesis of septic DIC*
8 According to some of the reports septic
DIC Is a pathological state accompanied by
activation and consumption of a variety of
blood cells and involvement of hematopoietic
factors has been attracting attention, and
we have also conducted a number of studies
in that regard®® . In the present study we
assessed hematopoietic factors in sepsis and
the pathological state of DIC, especially the
values of factors in peripheral blood that
regulate platelet production, fe, interfeukin
11 (IL-11) , interleukin-3 (IL-3) , stem
cell factor (SCF) , leukemia inhibitory
factor (LIF) , and thrombopoietin (TPO) ,
and their relationships with the outcome.

H. Methods

The subjects of this study were the 48
patients diagnosed with sepsis among the
patients brought to our emergency room
and admitted during the period from 2001
to 2004, Sepsis was diagnosed based on the
criteria of the American College of Chest
Physicians/Society of Critical Care Medicine
Consensus Conference Committee'® . The
study was conducted by comparing three
groups: a group of 39 patients who survived
(survivoy group: S group) , a group of §
patients who died within 30 days (death
within 30 days group; D30 group) , and
a group of 3 patients who died after 30
days but within 60 days (death within
60 days group; D60 group) , and also
by comparing two groups: the S group
and the group of patlents that died (D
group) . Severity of illness on arrival at
the hospital was evaluated by using Acute
Physiology and Chronic Health Evaluation

1T (APACHE II) scores and Sequential
Organ Failure Assessment (SOFA)
scores, and disseminated intravascular
coagulation (DIC) was evaluated on the
basis of the DIC diagnostic criteria of the
Special Diseases Designated by the Ministry
of Health and Welfare Blood Coagulation
Disorders Survey Research Group'¥ |

On arrival at the hospital a blood sample
was collected in a heparinized endotoxin.
free test tube, The sample was immediately
centrifuged at 3000 % g for 40 sec at 4 °C,
and the supernatant was collected and
stored deep frozen at -80° C until analyzed,
Plasma IL-3, IL-11, SCF, and LIF values
were measured by enzyme-linked
immunosorbent assays (ELISAs) (R&D
System Inc, Minneapolis, MN, USA), and
the lower limit of detection of each of the
assays was 4 pg/ml. Plasma TPO values
were measured by an ELISA (Immuno-
Biological Laboratories Co., Ltd., Fujioka,
Japan) , and the lower limit of detection of
the assay was 50 pg/ml. The measurement
methods were the same as reported
previously® .

Statistical analysis

The statistics are reported as mean
values * standard deviation. Significant
differences in all of the statistical data
were considered to exist at p values<0.05,
The SPSS® 2001 (SPSS Japan Inc., Tokyo,
Japan) software program was used to
perform the statistical analysis,

HI. Results
The results of the analysis of the
patients' background factors showed no
significant differences in age or gender
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Table 1. The clinical characteristics of patients with sepsis

Survivor Death within 30day Death within 60days  Statistical analysis

{n=39) (n=3)
Gender (male/female) 24/15 172
Age (years) 667 £ 130 760 + 88 700 = 242 NS
APACHE 11 score 264 * 74 426 + 7.7a 337 06 p<0.01
SOFA score 96 £ 47 198 £ 35 123 + 23 p<0.01
DIC score 54 + 1.3 7.7 £ 056c 70 £10 p<0.01

2. D60 group and D30 group (Table 1) . The
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Fig. 1. The plasma thrombopoietin (TPO) values
of the 48 sepsis patients divided into a
group of 39 survivors (surviver group, S
group) , a group of 6 who died within 30
days (death within 30 days group; D30
group) , and a group of 3 who died within
60 days (death within 60 days group, 60D
group) are shown. The TPQO values in the
30D group were significantly higher than
in the S group. A significant difference was
considered to exist at p values <0.05.

hetween the S group, D306 group, and D60
group. In the S group and D30 group the
APACHE 11 scores were 26,4 £ 7.4 and
42.6 = 7.7, respectively, the SOFA scores,
9.6 4.7 and 19.8 = 3.5, respectively,
and the DIC scores, 5.4 + 1.3 and. 7.7
+ 0.5, respectively, and all three values
were significantly higher in the D30
group. Howevey, there were no significant
differences In any of these scores between
the S group and DGO group or between the

plasma TPO values in the D group were
significantly higher than in the S group. The
TPO values in the S group and D30 group
were 482.5 + 246.0pg/mi and 1001.7 =
250.2pg/m), respectively, and significantly
higher in the D30 group. There were no
slgnificant differences in plasma TPQO values
hetween the S group and D60 group or
hetween the D60 group and D30 group
(Fig. 1) . Comparisons between the S group
and D group showed plasma IL-3 values of
0.41 = 0.87pg/ml and 26.9 + 57.4pg/m,
respectively, 11.-11 values of 8,57 + 10.3
pg/ml and 2b.5 = 17.8 pg/ml, respectively,
and LIF values of 1.24 + 2.43 pg/ml and
12.2 = 16.4 pg/mi, respectively, and they
were significantly higher in the D group.
There were no statistically significant
differences in SCF values between the
groups, but the SCI values in the S group
and D group were 3597.2 = 2084.%pg/ml
and b000.0 £ 2711,9pg/ml, respectively,
and they tended to he higher in the D
group (Fig. 2). Slgnificant correlations
were found between the TPO values, IL-11
values, and LIF values, but the IL-3 values
were not correlated with any of them
(data not shown) . Next, we assessed the
results by dividing the 48 sepsis patients
into a group of 17 patients who had been
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Fig. 2. The plasma stem cell factor {(SCF) , leukemia inhibitory factor (LIF) , interleukin 11 (IL-11) ,
and interleukin 3 (I1.-3) values of the 48 sepsis patients divided Into a group of 39 swvivers
{survivor group, S group) and a group of ¥ patients who died (group who died; I group) are
shown. The plasma LIF, IL-11, and 1i.-3 values were significantly higher in the D group than
in the 8 group. A significant difference was considered to exist at p values <005,

diagnosed with DIC (DIC group) and a
group of 31 patients who had not been
diagnosed with DIC {non-DIC group) , and
compared them, The plasma TPO values
in the DIC group and non-DIC group were
866.9 + 203.6pg/ml and 396.4 = 187.2pg/
ml, respectively, and they were significantly
higher in the DIC group (Fig. 3) . In
addition, the plasma SCI values in the DIC
group and non-DIC group were 5205.9 =
2447 .4 and 3122.2 + 1778.7, respectively,
and their plasma IL-11 values were 13,4 =
16.1 and 4.2 = 8.7, respectively, and hoth
were significantly higher in the DIC group
{Fig. 4) . The mean plasma LIF values and
IL-3 values were both below the sensitivity
of detection in both groups.
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Fig. 3. The plasma thrombopoietin (TPO) values
of the 48 sepsis patlents divided into
a group of 17 patients diagnosed with
disseminated intravascular coagulation
{DIC; DIC group) and a group of 31
patients not diagnosed with PIC (nen-DIC
group) are shown. The TPO values were
significantly higher in the DIC group than
in the non-DIC group. Even in the non-
DIC group the TPO values were much
higher than the normal value. A significant
difference was considered to exist at p
values <005,
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Fig. 4. The plasma stem cell factor (SCF) and interleukin 11 (I1-11) values of the 48
sepsis patients divided into a group of 17 patients diagnosed with disseminated
intravascular coagulation (DIC; DIC group) and a group of 31 patients not
diagnosed with DIC (non-DIC group) are shown. The plasma SCF and 1111
values were both significantly higher in the DIC group than in the non-DIC group.
Even in the non-DIC group the SCF values were much higher than the normal
value. A significant difference was considered to exlst at p values <0.05.

IV. Discussion

The major results of this study in the
sepsis patients were; 1) the plasma TPO
values were highest in the 30D group; 2)
the plasma IL-3 values, IL-11 values, and
LIF values were higher in the D group; and
3) the plasma TPO values, SCF values, and
IL-11 values were higher in the patients
with concomitant DIC,

TPO is a glycoprotein hormone that controls
the number of platelets In peripheral blood
by stimulating megakarvocyte proliferation
and differentiation', and it is said that TPO
values are strongly correlated with the
severity of sepsis and that 11.-6 {s a possible
trigger for TPO production' .

Cytokine values, including TPO, IL-11,
and SCF values, increase in pathological
states in burn pétients in which there is
a decrease in platelets the same as the
decrease in DIC, and, in particular, the
values of these cytokines markedly increase
in DIC accompanied by infection® .

In a study of patients with DIC as a

complication of generalized peritonitis,
the values of pro-inflammatory cytokines,
including TNF-. a , IL-6, and I1.-8, were
found to be markedly elevated during
septic DIC in comparison with DIC
unaccompanied by infection. Moreover, the
outcome is said to have been poorer when
the plasma TPO and SCF values were
high® ., '

Leukemia inhibitory factor (LIF) is
a substance that was purified as a rat
leukemia cell line differentiation-inducing .
factor, and it has been reported to have a
megakaryocyte-stimulating action similar
to that of IL-6. LIF alone does not appear
to have megakaryocyte colony stimulating
factor {Meg-CSF) activity, but it has been
reported to increase mouse megakaryocyte
activity in the presence of IL-3 in vitro'™ .

In the present study the plasma TPO
values of the sepsis patients were found
to be markedly elevated, the same as in
previous reports {normal values: ~ 60 pg/
ml} , and, in particular, they were found
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te be significantly higher in the D group
than in the S group, Plasma IL-6 values
and TNF- ¢ values were also investigated,
but the same as the TPO values, they were
significantly higher in the D group (data
not shown) . Assessment of the cases
with concomitant DIC showed significantly
higher TPO values in the group with DIC,
There was also a significant correlation
between the TPO values and the IL-6
values (1r*=0.755, p<0.001) . TPO is also
regarded as an early response protein in
sepsis'? , and it appeared to be related to
its severity, and, in particular, to be capable
of serving as an important indicator in the
form of a prognostic factor. In addition, a
significant elevation was seen in the cases
associated with DIC, but the TPO values
were also markedly elevated in the group
not diagnosed with DIC (mean value: 396.4
+ 187.2pg/mi) , suggesting that plasma
TPO values may also be useful in the early
diagnosis of septic DIC,

The assessment of plasma LIF values
showed that only one patient in the 8
group of sepsis patients had a value at or
above the sensitivity of the measurements
(4 pg/ml) , and that the LIF values were
significantly higher in the D group (mean:
12.2 £+ 16.4 pg/ml) . More specifically,
assessment of the results in the D60
group and D30 group showed that all of
the plasma LIF values in the D60 group
(n=3) were below the sensitivity of the
measurements, and that the mean values
(17.1 + 18.5pg/ml) in the D30 group
(n=6) were abnormally high. Although a
statistical comparison would be meaningless
because of the very small number of cases,
plasma LIF values appear to be worth

investigating as a prognostic factor in the
future. I1.-11 and IL-3 are said to exert an
effect on megakaryocyte colony formation,
and they were significantly elevated in the
sepsis cases. IL-11 is said not to act alone,
but to exert thrombopoietic activity in the
presence of IL-3® , and from the standpoint
of increased numbers of platelets the above
finding was not inconsistent with previous
reports. However, significantly higher Il.-
11 values were observed in the DIC group
in the comparison between the DIC group
and the non-DIC group, and because the
IL-3 values in both groups were helow
the detection sensitivity of the assay, it
appears that further study will be needed
in the future to determine whether or not
these cytokines are produced in excess as
thrombopoletic factors.

SCF Is a hematopoietic factor that is
expressed by stromal cells, but by itself it
has weak differentiating and proliferating
activity, and it is thought to reinforce
the actions of hematopoletic factors and
cytokines, including erythropoietin, IL-1, and
IL-6'? . Plasma SCF values are said to be
significantly higher in patients with sepsis
secondary to generalized peritonitis who
do not survive® . Although the difference
in plasma SCF values in the present study
was not significant, they tended to be
higher in the ID group of sepsis patients, and

_they were significantly higher in the group

diagnosed with concomitant DIC than in
the non-DIC group. The plasma IL-6 values
were 457.0 £+ 184.6 pg/ml and 181.7 + 98.5
pg/ml in the sepsis D group and S group,
respectively, and 270.9 + 163.9 pg/ml and
120.0 = 68,2 pg/ml in the DIC group and
non-DIC group, respectively, and they were
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significantly higher in the D group and in
the DIC group. There was also a significant
correlation hetween the SCF values and
Ii.-6 values, The plasma SCF values in the
S group (n=9) and D group (n=8) of
patients in the DIC group were 5178.8 =+
2263.9 and 5236.2 £ 2798.4, vespectively (p
= 0,864) , and almost the same. Although

the SCF values did not govern the outcome

of the sepsis patients, because they were
abnormally high even in the non-DIC group,
as were the TPO values, they appear to be
useful in the early diagnosis of septic DIC.

V. Conclusion

We assessed hematopoietic factors
in sepsis cases and in sepsis cases with
concomitant DIC, The plasia TPO, LIF, IL-
11, and IL-3 values were higher in the group
of sepsis patients who died. The plasma
TPO, SCF, and IL-11 values were higher
in the group of sepsis with concomitant
DIC. The resuits suggested that plasma
TPO values and SCF values may be early
diagnostic markers of DIC in patients with
septic DIC.
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