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Abstract. The urinary trypsin inhibitor (UTI) is responsible 
for most of the antitryptic activity in urine and is excreted 
in increased amounts in urine under certain pathological 
conditions such as cancer and bacterial infections. Our 
aim in this study was to better understand the mechanisms 
responsible for the increase in UTI excretion on surgical 
stress and thus to better appreciate the information provided 
by inflammatory mediators. Thirty-one consecutive patients 
who underwent radical esophagectomy for esophageal cancer 
were investigated in this study. We determined serum UTI 
and polymorphonuclear cell elastase (PMNE), urine UTI and 
evaluated the effectiveness of preoperative administration of 
methylprednisolone on the postoperative clinical course and 
adverse inflammatory reactions. The results revealed that 
urine UTI and serum PMNE levels in the steroid group were 
significantly lower than those in the non-steroid group. In 
addition, UTI levels correlated positively with serum levels of 
aminotransferases. More importantly, the maximum level of 
urine UTI in patients without complications was lower than 
that in patients with complications. These results suggest 
that urine UTI provides useful information concerning post-
operative clinical course, and that preoperative administration 
of methylprednisolone may contribute to decrease postopera-
tive complications following esophagectomy.

Introduction

Major surgery is associated with a transient severe inflammatory 
response involving the release of proinflammatory mediators 
and leads to systemic inflammation (1). Esophagectomy for 
esophageal carcinoma is one of the most invasive surgical 
procedures and is associated with a generalized systemic 
inflammatory response characterized by the activation of 
proinflammatory cytokines and other chemical mediators (2). 

After inflammatory stimulus, the pattern of plasma proteins 
synthesized by the liver changes significantly. In general, the 
concentration of positive acute phase proteins (APPs), including 
C-reactive protein (CRP), increases. These proteins are widely 
used as indicators in rapid diagnosis and the assessment of the 
response to therapy in inflammatory diseases. In addition, it has 
been reported that polymorphonuclear cell elastase (PMNE) is 
released from granulocytes during surgery and that the post-
operative serum level of PMNE is a good indicator of surgical 
stress. More importantly, the monitoring of PMNE was found 
to be more useful than that of serum CRP for estimation of 
the inflammatory status and early detection of an acute-phase 
response (3-5).

The urinary trypsin inhibitor (UTI) is one of the Kunitz-
type trypsin inhibitors found in human urine and is synthesized 
by the inter-α-trypsin inhibitor (ITI) family (6). As previously 
reviewed by Fries and Blom (7), UTI is responsible for most 
of the antitryptic activity in urine and is excreted in increased 
amounts in urine under certain pathological conditions such as 
cancer and bacterial infections (8-10). Thus, UTI is an impor-
tant anti-inflammatory substance, and is also considered to be 
a positive APP (11,12). UTI has previously been suggested as 
a possible screening test for bacterial and/or viral infections 
(13). More importantly, the urine concentration of UTI could 
be useful for predicting the risk of complications and outcome 
of bone marrow transplantation (14).

We previously reported that preoperative administration 
of methylprednisolone successfully suppresses the release of 
certain indicators of response to surgical injury such as IL-6 and 
IL-8, and plays a significant role in the prevention of systemic 
inflammatory responses (15). Postoperative complications, 
so-called stress-induced organ dysfunction states, are thought 
to be caused by an uncontrolled inflammatory response due to 
the overproduction of proinflammatory cytokines and chemo-
kines (3,16). However, the mechanisms involved in reduced 
postoperative complications upon preoperative administra-
tion of methylprednisolone have not been clearly elucidated 
(17-19). Focusing on UTI and PMNE, our aim in the present 
study was to better understand the relationship between steroid 
and inflammatory mediators and thus to better appreciate 
the information provided by preoperative administration of 
methylprednisolone. We determined serum UTI and PMNE 
and urine UTI levels using an enzyme-linked immunosorbent 
assay (ELISA). We also evaluated the preoperative adminis-
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tration of methylprednisolone on the postoperative clinical 
course and adverse inflammatory reactions.

Patients and methods

Patients and study design. Thirty-one consecutive patients 
who underwent radical esophagectomy for esophageal cancer 
at Nippon Medical School Main Hospital between 2002 and 
2004 were investigated in this study. The patients did not 
receive previous intravenous treatment with UTI. Patients who 
had a preoperative inflammatory reaction within 7 days prior 
to surgery, preoperative complications such as liver cirrhosis or 
diabetes mellitus, or tuberculosis lesions were excluded from 
the study. There were no significant differences in preopera-
tive characteristics between the patients in the steroid and the 
non-steroid groups (Table I). Therefore, even though the study 
was not performed in a randomized manner, it is reasonable to 
state that the data shown here suggest objective results. In the 
steroid group, 10 mg/kg body weight of methylprednisolone 
was administered intravenously to each patient just before the 
start of esophagectomy. Informed consent according to the 
Declaration of Helsinki was obtained from all patients.

Enzyme immunoassay for PMNE and UTI. Serum and urine 
samples were obtained and stored at -80˚C until being assayed. 
Serum PMNE was measured the day prior to surgery and 24 h, 
3, 5, 7 and 14 days after the start of surgery by enzyme immuno-
assay (ELISA) using a commercial kit reagent (PMN Elastase; 
E. Merck, Germany). Plasma and urine UTI were measured 
using a one-step sandwich enzyme-linked immunosorbent 
assay (ELISA; Mochida Pharmaceutical Co., Tokyo, Japan). 
Briefly, purified anti-ulinastatin immunoglobulins (Igs) were 
labeled with horseradish peroxidase (Toyobo Enzymes, Tokyo, 
Japan). Each well in the ELISA plates was coated with 100 µl 
of anti-ulinastatin Igs (5 mg/ml) in carbonate buffer (pH 9.5) 
at 25˚C for 12 h. Coated plates were washed and subsequently 
blocked with 0.5% bovine serum albumin (BSA) in phosphate-
buffered saline (PBS) (pH 6.4) for 1 h at room temperature. 
Then 20 µl of the diluted samples or standards was added, 
after which 80 ml of peroxidase-conjugated anti-ulinastatin 
Igs in 10% (v/v) rabbit serum/PBS (pH 6.4) was added. The 
plate was incubated for 30 min at 37˚C and washed three times 
with 400 µl of physiological saline containing 0.05% Tween-20 
(Biosciences Inc., La Jolla, CA, USA). Then 100 µl of freshly 
prepared tetramethylbenzydine containing hydrogen peroxide 
(0.02%) was added and incubated for 10 min at room tempera-

ture. The reaction was terminated by the addition of 100 µl of 
0.5 mol H2SO4. The absorbance was read at 450 nm using a 
microplate reader (ImmunoMini NJ-2300; Sic, Tokyo, Japan). 
All samples were assayed in duplicate.

Definition of postoperative complications. The postoperative 
course of each patient was monitored daily, and the complica-
tions were defined as follows. Pulmonary complications were 
defined by the presence of massive atelectasis, pulmonary 
edema, or pneumonia. Postoperative hyperbilirubinemia was 
defined as the peak total bilirubin level >4 mg/dl. Anastomotic 
leakage was diagnosed by gastrography and clinical features. 
Liver dysfunction was defined as either the aspartate amino-
transferase (AST) or alanine aminotransferase (ALT) value 
>200 IU/l.

Statistical analysis. The Mann-Whitney's U test, Chi-square 
test, and repeated measure ANOVA were used to determine 
significant differences between the two groups. P-values of 
<0.05 were considered significant.

Results

Effect of steroid therapy on the changes in acute phase 
parameters. Postoperative changes in the levels of serum 
UTI, serum PMNE and urine UTI were compared between 
both groups. Compared with the non-steroid group, the steroid 
group had significantly lower levels of urine UTI and serum 
PMNE (Fig. 1A and C). Regarding the level of serum UTI, no 
significant difference was noted between the groups (Fig. 1B).

Correlation between urine UTI and serum levels of amino-
transferases. For the evaluation of hepatic injury, the peak 
levels of AST and ALT in the serum were correlated with that 
of urine UTI. The peak levels of UTI correlated positively with 
those of aminotransferases (Fig. 2).

Correlation between urine UTI and postoperative complica-
tions. The postoperative complications are shown in Fig. 3. The 
maximum level of urine UTI in patients without complications 
was lower than that in patients with complications (Fig. 4).

Discussion

This study was designed to understand the relationship 
between steroid and inflammatory mediators and to evaluate 

Table I. Comparison of the clinical features between the steroid and the non-steroid group.

Features Steroid group (n=19) Non-steroid group (n=12) P-value

Male/female 17/2 8/4 0.12
Age (year), mean ± SD 60.9±10.2 63.7±9.2 0.46
Operative time (min) 498.6±49.9 421.8±80.0 0.08
Intraoperative blood loss (ml) 844.3±364.7 891.9±369.0 0.56
Tumor stage (I:II:III:IV) 4:3:5:7 5:3:1:3 0.40
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the effects of preoperative administration of methylpredniso-
lone. Patients with esophageal cancer scheduled for surgery 
were selected for the following reasons. While a balance of 
proinflammatory and anti-inflammatory mediators is essential 
for the appropriate immune response of patients, the postoper-
ative overproduction of proinflammatory mediators may lead 
to tissue damage via the production of free oxygen species and 
may also result in systemic inflammatory response syndrome 
(SIRS) with subsequent multiorgan failure (20). Surgical treat-
ment of esophageal cancer is one of the most stressful surgical 

Figure 4. Peak levels of urine UTI in patients with complications (+) (n=10) 
and without complications (-) (n=21). The peak level of urine UTI in patients 
without complication was lower than that in patients with complication. 
※P<0.05 in the Student's t-test.

Figure 3. The distribution of postoperative complications.

Figure 2: (A) Correlation between the peak levels of urine UTI and aspar-
tate aminotransferase (AST) in all of the studied patients (n=31; r=0.64, 
P=0.001). (B) Correlation between the peak levels of urine UTI and alanine 
aminotransferase (ALT) in all of the studied patients (n=31) (r=0.48, P=0.02).
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Figure 1. Changes over postoperative time in (A) urine UTI, (B) serum UTI 
and (C) PMNE levels in the steroid (n=19) (filled circles) and the non-steroid 
(n=12) (open circles) groups. Data are expressed as the mean ± SE. ※P<0.05 
vs. the preoperative values in the same group; †P<0.05 vs. the non-steroid 
group at the same point. POD, postoperative day.
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procedures, and the frequency of postoperative organ failure 
remains high (21-23). Esophageal cancer surgery was therefore 
selected as one of the most appropriate procedures for evalu-
ating the effects of steroids on surgical stress.

UTI is one of the protease inhibitors, and is produced in the 
liver and kidneys (24,25). It is also one of the acute phase reac-
tants (11,13). The amount of this inhibitor excreted in the urine 
is considered proportional to the invasiveness of an insult to 
the host, typically major surgery (14). In the present study, the 
concentration of serum UTI was significantly lower than that 
of urine UTI, and no significant difference was noted between 
the steroid and non-steroid group (Fig. 1). These results are 
in accord with those from other studies which found that the 
concentration of serum UTI of patients undergoing partial 
hepatectomy was only slightly increased and even appeared 
to be unmodified during the acute phase response (12). Indeed, 
owing to its small amount, UTI circulating in the blood second-
arily diffuses into extracellular spaces and reaches tissues. On 
the other hand, most of it is quickly excreted in the urine (26). 
Therefore, the amount of UTI present in urine appears to be a 
better indicator of UTI released in circulating plasma.

Methylprednisolone has been known to suppress the 
release of mediators (autocrine and paracrine), such as IL-6, 
IL-8 and PMNE, following surgical injury, and was found 
to play a significant role in the prevention of developing the 
subsequent spread of inflammation. PMNE metabolizes inter-
α-inhibitor (IαI) to UTI, which then suppresses the activity 
of PMNE, thus forming a homeostatic negative feedback loop 
(27). It has been suggested that when the balance is upset and 
PMNE activity exceeds that of UTI, inflammation develops 
(28). As mentioned by Faarvang and Lauritsen (29), increased 
excretion of urine UTI has been recognized in response to 
inflammatory conditions. This was confirmed by our results 
which demonstrated that levels of urine UTI and serum PMNE 
in the steroid group were significantly decreased compared to 
those in the non-steroid group (Fig. 1).

During the acute-phase response, a large number of 
mediators which can cause postoperative complications are 
generated, and all of these may be markers of inflammation. It 
has been reported that there is a strong correlation between the 
concentrations of CRP in whole blood and urine UTI (10,30). 
More importantly, UTI is a better predictor of the subsequent 
spread of inflammation compared to CRP (31). In all of our 
patients, urine UTI levels correlated positively with serum 
levels of aminotransferases (Fig. 2). This result supports the 
hypothesis that UTI reflects liver injury as well.

It is of great importance that the possible clinical effects of 
preoperative steroid administration include the prevention of 
postoperative complications. Yamashita et al (32) and Shirabe 
(33) previously reported that the administration of steroids in 
liver surgery results in decreased values of immunosuppres-
sive acid protein and postoperative positive rate of serum 
Candida antigen, which is a marker of bacterial translocation. 
Similar findings were reported for other surgical operations. 
Shimada et al (34) reported that morbidity rates including 
hyperbilirubinemia, anastomotic leakage, and liver dysfunc-
tion in patients with esophagectomy were significantly lower 
in a steroid group than in a non-steroid group. In addition, the 
median hospital stay was reported to be shorter in a steroid 
group, and adverse effects of steroid use, such as abnormality 

in glucose tolerance and delay in wound healing, did not occur 
following liver surgery (35). In the present study, the level of 
urine UTI in the steroid group was decreased compared to 
that in the non-steroid group (Fig. 1), and the maximum level 
of urine UTI in patients without complications was signifi-
cantly lower than that in patients with complications (Fig. 4). 
According to these results, the UTI concentration predicts 
complications following esophagectomy, and the suppression 
of UTI levels induced by steroid administration may be one of 
the reasons for the reduction in postoperative complications.

A study with a much larger population is required before 
any firm conclusions can be drawn. Based on findings of 
the present study, it was suggested that urine UTI provides 
useful information on postoperative clinical course, and 
that preoperative administration of methylprednisolone may 
contribute to decrease postoperative complications following 
esophagectomy.
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