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Examination of procalcitonin levels in the patient with
herpesencephalitis complicated with endotoxin shock
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Abstract

The patient, a 26-year-old male, was brought in as a
casualty due to a traffic accident. He had been treated
for viral inflammation of the upper airways over the
last 4 days. His consciousness level was JCS 3.
Treatment was given with a diagnosis of herpes
encephalitis. On the 7th day of illness, he was found
to be febrile, at which time his leukocyte count and

CRP level were within the normal level but his
procalcitonin and endotoxin levels exceeded the
normal ranges. Pseudomonas aeruginosa was detected
in the sputum. It was indicated that the procalcitonin
level is useful in diagnosis of a bacterial infection,
differentiating it from that of viral origin.

Key words : herpes encephalitis, procalcitonin, endotoxin shock, cytokine
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Peripheral blood count Blood chemistry
WBC  5,900/mm® TP 6.5g/d1
RBC 448 X 10*mm® Alb 4.3g/dl
Hb 13.6 g/di BUN  13.3mg/dl
Ht 40.4% Na 140.0mEq/
Pt 21.7x10%mm® K 4.0mEq/

Cl 100 mEqg/1
Arterial blood gas(room air)  T-Bil 0.5mg/1

pH 7.422 D-Bill 0.3mg/
PaCO:  33.4mmHg GOT 25 1Un
Pa02 98.7mmHg GPT 20 TUn
HCO:™ 21.7mEg/l LDH 632 IUA

BE —1.3mEq/l AMY 167 1TUN

Sat 98.4% CRP 0.1>mg/dl
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Abstract

Background: Fulminant hepatic failure is a serious clinical condition associated with a
high mortality rate. Interleukin (IL)-18 is a pro-inflammatory cytokine that is associated
with several inflammatory diseases. The purpose of the present paper was therefore to
investigate whether TL-18 is elevated in patients with fulminant hepatic failure.

Methods: Serum levels of IL-18 were measured in patients with fulminant hepatic failure
before and after liver transplantation. Native liver tissue samples were collected and the
tissue levels of TL-18 were determined. Liver tissues were stained immunohistochemically
with antihuman IL-18 antibody. The serum leveis of 1L-1f. IL-6, IL-8. IL-12, interferon-v.
and tamor necrosis factor-o0 were also determined in patients with fulminant hepatic failure
before and after liver transplantation.

Results: Elevated levels of IL-18 in serum and hepatic tissue were observed in patients
with fulminant hepatic failure. Native liver tissue samples were immunohistochemicaly
positive for TL-18. Tnterleukin-18 levels were markedly reduced after liver replacement. No
other inflammatory cytokines were substantially elevated in patients with fulminant hepatic
failure.

Conclusion: The serum levels of TL-18 levels are elevated much more than those of other

cytokines in patients with fulminant hepatic failure.

Introduction

Despite recent therapeutic advances. fulminant hepatic failure
(FHF) remains a serious clinical state that is associated with a high
mortality rate in the absence of transplantation. Several cytokines
have been reported as possible mediators of FHF pathophysiology,
inclhding interleukin-1beta (IL-1p), TL-1 receptor antagonist (IL-
1Ra),’ IL-6,"? TL-10, IL-12,* tumor necrosis factor (TNF),"* solu-
ble TNF receptor,” and interferon-y (IFN-).%

In 1995, a gene coding for a novel cytokine that induced the
production of IFN-y was cloned and the protein was designated as
1L-18."* Subsequent investigations demonstrated that the funda-
mental function of IL-18 is to enhance Th1 cytokine production by
CD4+ T cells.*'® Through IFN-y production, IL-18 augments
TNF-o and Fas ligand-mediated cytotoxicity."

After these initial discoveries, several reports demonstrated
increased serum levels of TL-18 in chronic liver diseases'>'* and
FHE." However. no reports have compared the serum level of TL-
18 to those of other inflammatory cytokines or determined the
tissue level of IL-18 in FHF patients. In the present study we
investigated whether serum and tissue levels of 1L-18 are more

Journal of Gastroenterology and Hepatology 21 (2006) 17311736 © 2006 The Authors

elevated in FHF patients than in other chronic liver diseases and
whether serum level of 1L~18 is more elevated than those of other
inflammatory cytokines in FHF paticnts.

Methods

Patients

The subjects in the present study consisted of 16 patients with
FHF, 13 patients with liver cirrhosis (LC), 20 patients with chronic
hepatitis (CH), and eight controls. The 16 patients with FHF were
diagnosed based on hepatic coma (>grade 1) and prothrombin
times (<40%).'* Etiologies of FHF were as follows: unknown in 12
paticnts, viral hepatitis B in three patients, and acufe progression
of Wilson’s disease in one patient. After admission we collected
blood samples from all patients with FHF and decided to perform
a series of plasma exchange (PE) for 11 patients using a membrane
plasma separator. Then, we decided to perform living donor liver
transplantation for 10 of these 1 | paticnts. The 13 patients with LC
consisted of eight patients with biliary atresia, three patients with
primary biliary cirrhosis, one patient with primary sclerosing
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cholangitis. and 1 patient with hepatitis B. These patients were
divided into subgroups depending upon the severity of circhosis
(Child-Pugh classification system'’). There were seven patients
with grade C-LC and six patients with grade B-LC. The 20
patients with CH included six patients with viral hepatitis B and 14
patients with viral hepatitis C. The eight control subjects were
living donors for the patients with FHF or terminal liver diseases.
and were in good health at the time of examination. Informed
consent was obtained from each patient or family, and the study
protocol conformed to the ethical guidelines of Keio University
School of Medicine.

Cytokine assays

We determined the serum levels of TL-18, TFN-y, IL-1j, IL-6, IL-
8, TIL-12, and TNF-q, and the hepatic tissue levels of IL-18. Serum
samples were collected from 16 patients with FHF, 13 patients
with LC, 20 patients with CH. and eight donors. Hepatic tissue
samples were collected from 10 patients with FHF, six patients
with LC, and six donors. Cytokine levels in serum (pg/mL) were
determined using commercial ELISA kits from R&D systems
(Minneapolis, MN, USA) for TFN-y, TL-18 (supersensitive type),
IL-6, 1L-8, IL-12, and TNF-0., and from Medical and Biological
Laboratorics (Nagoya, Japan) (or TL-18. The hepatic tissue was
homogenized in Dulbecco’s phosphate-buffered saline (Gibeo
BRL, Gaithersburg, MD, USA) containing 0.1 mmol/L phenylme-
thylsulfonylfluoride (Calbiochem, San Diego, CA. USA). and cen-
wifuged at 100 000 g for 15 min at 4°C. The concentrations of
cytokines (pg/mL) and protein (mg/mL, Bio-Rad, Hercules, CA.
USA) in supernatants were determined. The cytokine concentra-
tions in hepatic tissues were determined using the following equa-
tion: [cytokine concentration in hepatic tissue (pg/mg protein
tissue)] = [cytokine concentration in  supernatant (pg/mL)}/
[protein concentration in supernatant (mg/mL)].

Immunohistochemistry

Hepatic tissue samples were obtained and snap-frozen in Tissue
Tek OCT compound (Sakura Finetek, Tokyo, Japan). The sections
were incubated with cach primary antibody (1:100 dilution, mouse
monoclonal antihuman IL-18, clone: 25-2G, Medical and Biolog-
ical Laboratories) and biotinylated secondary antibody (1:500
dilution. Dako. Carpinteria, CA, USA), followed by incubation in
peroxidase-conjugated streptavidin (1:500 dilution, Dako). The
peroxidase reaction was carried out with diaminobenzidine-hydro-
gen peroxide (Aldrich Chemical, Milwaukee, WI, USA). Immuno-
histochemical staining was performed on three liver samples from
patients with FHF. three liver samples from patients with LC and
three normal liver samples from controls. Using the same speci-
mens, control sections. which were processed in parallel except for
the incubation with primary antibody, were prepared for cach
group. ‘

Sampling of serum and hepatic tissue

In patients with FHF, serum samples were collected at the time of
admission to Keio University Hospital, at the beginning of surgery,
and at 2 and 5 h after reperfusion. The level of TL-18 was deter-
mined in serum samples of FHF patients collected at the time of
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admission, at the beginning of surgery, and at 2 h and 5 h after
reperfusion. The fevels off TL-13. [L-6. TL-8, TL.-12, TFN-y, and
TNF-or were determined in serum samples of FHF patients col-
lected at the beginning of surgery, and at 2 h and 5 h after reperfu-
sion. In patients with LC, serum samples were collected at the
beginning of surgery for liver transplantation. In patients with CH.
serum samples were collected during routine follow up. In healthy
controls. serum samples were collected at the beginning of surgery
for liver donation. The level of TL-18 was determined in serum
samples of L.C and CH patients and healthy control. The levels of
TL-1f. IL-6. TL-8. IL-12, IFN-y, and TNF-0 were determined in
serum samples of LC patients and healthy control. Hepatic tissues
were colleeted from the native tivers of the recipients with FHF or
LC and from the intraoperative liver biopsies of the donors. Blood
samples were centrifuged for 5 min at 1500 g, and all of the
samples were stored at —80°C until assayed.

Statistical analysis

The values are expressed as mean £ SD. For parametric data,
differences between groups were evaluated by Student’s r-test for
unpaired data. If the difference between the SD in the populations
was significant, the Welch r-test was used instead. Differences
were considered significant at P < 0.03.

Results

Interleukin-18 levels in serum and hepatic tissue

Preoperative serum TL-18 levels in FHF patients were determined
using the serum samples collected on admission. Because eight
patients with FHF underwent PE in another hospital before their
admission to Keio University Hospital, results for mean preopera-
tive serum IL-18 level in FHF patients whose samples were col-
lected before PE and in FHF paticats whose samples were
collected after PE are presented separately. The mean preoperative
serum IL-18 levels were 3590 %2885 pg/mL in FHF patients
whose samples were collected before PE, 923+ 1131 pg/mL in
FHF patients whose samples were collected after PE.
487 +£ 315 pg/mL in grade C-LC paticnts, 345 % 152 pg/mL in
grade B-LC patients, 354+ 107 pg/mL in CH patients, and
141 £29 pg/mL in control subjects (Fig. 1). The TL-18 level in
FHF patients whose samples were collected before PE was
significantly higher than that in patients whose samples were col-
lected after PE, patients with grade C-LC, patients with grade B-
LC, paticnts with CH, and control subjects (P < 0.05 in cach
comparison).

The IL-18 levels in hepatic tissue were 1764 + 967 pg/mg pro-
tein in FHF, 1393 £ 1424 pg/mg in LC, and 29.5 £ 17.7 pg/mg in
control subjects (Fig. 2). The hepatic tissue level of IL-18 accord-
ing (o the scverity of cirrhosis in LC patients was 246 + 347 pg/mg
in grade B-LC patients and 1966 + 1423 pg/mg in grade C-LC
patients. The TL-18 level in liver differed significantly between
FHF and conurol subjects (P < 0.01).

Immunohistochemistry for interleukin-18

Immunchistochemical staining for IL-18 showed diffuse or granu-
lar staining in the cytoplasm of hepatocytes in the native livers
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Figure 1 Serum levels of interlukin {IL)-18 in patients with liver dis~

eases. Because eight patients with fulminant hepatic failure (FHF)
underwent plasma exchange (PE} before their admission to Keio Univer-
sity Hospital, mean preoperative serum [L-18 level in the eight FHF
patients whose samples were collected before PE (PE-) and that in the
other eight FHF patients whose samples were collected after PE (PE+)
are presented separately. LC, liver cirrhosis; CH, chronic hepatitis; Con-
trol, healthy donors. Data represent mean + SD. *P< 0.05 vs PE (+} FHF,
grade C-LC, grade B-LC, CH, and control. 'P < 0.05 vs control. ''P < 0.01
vs control.

from three FHF patients (Fig. 3a), while no staining was found in
the normal livers from three donors (Fig. 3¢). Some granular stain-
ing was seen in the livers from three LC patients, but the area of
staining was apparently less compared to that of FHF patients
(Fig. 3b). The control sections that were processed in parallel,
except for the incubation with primary antibody, had no staining
(not shown).

Serum levels of IL-18 and other cytokines before
and after liver replacement in patients with FHF

Serum level of cytokines in FHF patients at the beginning of
operation were as follows: IL-18, 783+ 1017 pg/mL; IL-8,
43+ 1.4 pg/mL; IFN-y, 13.7 £21.5 pg/mL; IL-6,9.1 + 11 pg/mL:
TNF-o, 3.0+ 2.6 pg/mL; TL-1B, .77 £0.83 pg/mL; and IL-12,
under the detectable limit (Fig. 4). Interleukin-18 levels were sig-
nificantly higher than the levels of other cytokines (P <0.05 in
each comparison). The level of IL-18, 1L-6, I1L-8, TL-12, [L-18,
TFN-y, and TNF-o determined in serum samples of LC patients
and healthy controls is presented as normalized to those of FHF
patients (Fig. 5). There was no significant difference between any
levels in FHE, LC, or healthy controls in each cytokine. Following
liver replacement, the levels of 1L-1f and TL-18 decreased, while
those of IL-6, TL-8, TFN-y, and TNF-o increased after reperfusion
(Fig. 6). Interleukin-18 levels normalized relative to that at the
beginning of surgery were 1.00 £ 1.29 at the beginning of surgery,
0.31 £0.24 at 2 h after reperfusion, and 0.29 +0.20 at 5 h after
reperfusion. There was no significant difference between the
normalized values of TL-18 at the beginning of surgery and at 2 h
after reperfusion and between those at the beginning of surgery
and at 5 h after reperfusion. There were significant differences
between the normalized values of TL-18 and those of IL-6, TL-8,
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Figure 2 Hepatic tissue levels of interlukin {IL)-18 in patients with liver
diseases. FHF, patients with fulminant hepatic failure; L.C, patients with
liver cirrhosis; Control, healthy donors. Data represent mean + SD.
*P < 0.01 vs control.

FHE

IFN-y, or TNF-a at 2 and 5 h after reperfusion (P < 0.05 in each -
comparison).

Discussion

The level of TL-18 in sera was determined in patients with liver
diseases. Because PE removed a considerable amount of 1L-18
and resulted in a marked reduction of serum IL-18 levels (data not
shown), results for the FHF patients whose preoperative serum
samples were not exposed to PE are shown separately in Fig. 1.
The TL-18 levels in samples that did not undergo PE were signifi-
cantly higher in FHF patients than in patients with grade C-LC,
grade B-L.C, CH, or healthy controls, Furthermore, the levels of
11.-18 in patients with FHF in the present study were much higher
than thosc reported for several other liver discases: 508 pg/mL in
severe primary biliary cirrhosis patients (Scheuer classification,™
stage TV),"? approximately 300 pg/mL in postoperative hepatic
dysfunction patients,'” and 349 pg/mL in biliary atresia patients."
Together, these results indicate that the serum level of TL-18 was
much higher in patients with FHF than in either patients with other
chronic liver diseases or healthy controls.

Elevation of serum IL-18 level in patients with FHF has been
reported in a previous study,'® but the hepatic tissue levels of TL-18
in FHF patients had not been reported. We determined hepatic
tissue levels of IL-18 and immunohistochemical liver staining
using samples that were collected at the time of liver transplanta-
tion. As in serum, the hepatic tissue levels of TL-18 were signifi-
cantly higher in FHF patients than in healthy controls.
Immunohistochemical staining was positive for TL-18. Liver tis-
sues of FHF patients were collected after a series of treatments
including PE, and it is possible that the hepatic tissue levels of TL-
18 determined in the present study might be different from that of
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Figure 3 Immunohistochemical staining for interleukin-18 in the liver. A representative sample 1s shown for each group {origmal magnification x400).
{a) Native liver from a patient with fulminant hepatic failure. (b) Liver from a patient with liver cirrhosis. (¢} Liver biopsy from a healthy donor.
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Figure 4 Serum cytokine levels before liver replacement in patients
with fulminant hepatic failure. IL, interleukin; IFN-y, interferon-y, TNF-q,
twmor necross factor-a; ND, not detected. Data represent mean + SD.
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FHF patients who had not reecived PE. However, it is very likely
that the level of IL-18 in hepatic tissue is high in patients with FHF
compared to those with LC or healthy controls. Furthermore,
replacement of the liver resulted in a marked reduction of serum
IL-18 levels. These findings strongly suggest that the liver pro-
duced TL-18 in patients with FHF,

The levels of TL-10, TL-6, TL-8, TL-12, TNF-a, and IFN-y in
FHF patients. LC patients, and healthy control were also deter-
mined using serum samples collected at the beginning of surgery.
Some of these cytokines have been reported to be eclevated in
patients with FHF, but their levels have not been compared with
those of TL-18& using the same serum specimens,™* Figure 4
shows that the serum level of 1L-18 is much higher than those of
IL-1B. IL-6, IL-8, TL-12, TNF-o, or IFN-y. Based on the findings
of Fig. 5, it is not likely that TL-8, TNF-¢t, and IFN-y are associated
with FHFE, because their levels in LC are higher than in FHF. Based
on the findings of Fig. 6, it is not likely that TL-6, IL-8, TNF-¢., and
IFN-v are associated with FHF, because their levels increased after

Journal of Gastroenterology and Hepatology 21 (2006} 1731-1736 © 2006 The Authors
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Figure 5 Normalized cytokine levels in liver cirrhosis (LC) patients and healthy controls. Results are presented as normalized to fulminant hepatic
failure (FHF) patients. There was no significant difference between any levels in FHF, LC, or healthy controls in each cytokine. (a) Interleukin (IL)-18;
{0} IL-8; (c} interferon-y; (d} IL-6; {e) tumor necrosis factor-a; (f) IL-1; {g) IL-12. Control, healthy donors. ND, not detected. Data represent mean + SD.
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Figure 6 Serum cytokine levels after liver replacement in patients with
fulminant hepatic failure. The levels of each cytokine are normalized
relative to the levels at the beginning of surgery. The y-axis is a logarith-
mic scale. (®) Interleukin (IL}-6; (A) IL-8; (B) interferon-y (IFN<y}; (@)
tumor necrosis factor-o (TNF-o); (O} iL-18; (D) IL-18. *P < 0.05 vs IL-6,
1L-8, IFN-y and TNF-a at the same time point.

liver replacement. Moreover, because the serum levels are very
low. TL-1B (0.77 £ 0.83 pg/mL at the beginning of surgery) and
TL-12 (under the detectable limit at the beginning of surgery) are
also not likely to be involved in FHF pathophysiology. The present

Journal of Gastroenierology and Hepatology 21 {2006) 1731-1736 © 2006 The Authors

study suggests that the serum fevel of TL-18 is more clevated than
those of other major inflammatory cytokines in patients with FHF,
and that IL-18 is involved in FHF pathophysiology. Effect of TL-18
on hepatic dysfunction has already been described. Finotto er al.
reported that TL-18 plays a fundamental role in regulating hepato-
cyte apoptosis in vivo.™ Kasahuara el al. reported that apoptosis
plays an important role in the pathophysiology of FHF in
humans.™ Tt is possible that IL-18 plays some role in the mecha-
nism of FHF in humans, regulating hepatocyte apoptosis.

Although the levels were lower than that of TL-18 in FHF, serum
levels of 1L-18 in patients with LC and CH were also elevated,
indicating that TL-18 clevation was not specific 10 FHF. Elevated
serum level of 1L-18 in other liver disorders has been previously
reported.'” 2 Interleukin-18 could be produced in a wide spec-
trum of inflammatory liver diseases, and the level of TL-18 may be
related to the severity of liver dysfunction or to the degree of
inflammation and not necessarily to the type of liver disease.

In summary, increased preoperative levels of TL-18 were con-
firmed in the sera of patients with FHFE. Elevated levels of IL-18 in
hepatic tissue, positive staining of the liver for IL-18, and marked
reduction of serum TL-18 levels after liver replacement were
observed. These findings all suggest that the liver produces IL-18
in patients with FHF. None of the other inflammatory cytokines
investigated in the present study were markedly elevated in the
sera of patients with FHF. Tt is therefore likely that IL-18 plays a
more important role than other cytokines in the pathophysiology
of FHF. Future studies should include a mechanistic investigation
to clarify whether IL-18 is actually involved in the pathophysiol-
ogy of FHF and if it is an indicator of disease severity.
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