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contained fat droplets. The histologic quantification
of hepatic iron was done according to Deugnier et al.
(17) by scoring iron separately within hepatocytes
(hepatic iron score, 0-36), sinusoidal cells (sinusoidal
iron score, 0-12), and portal tracts or fibrotic tissue
(portal iron score, 0-12). The total iron score (TIS, 0-60)
was defined by the sum of these scores. This score has
been shown to highly correlate with the biochemical
hepatic iron index and hepatic iron concentration as
measured by the atomic absorption spectrophotometry
in patients with chronic liver diseases (18-20). All
histologic grading and staging were done by a single
pathologist without knowledge of the patients’ clinical
and laboratory data.

Immunohistochemical Detection of 8-0x0d G Adducts
in Liver Biopsy Samples. Immunohistochemical stain-
ing of 8-oxodG was done as previously described
(21). Mouse monoclonal antibody against S-oxodG
(Japan Institute for the Control of Aging, Shizuoka,
Japan) and Alexa Fluor 488-labeled goat antibody
against mouse IgG (Molecular Probes) were used.
The degree of immunoreactivity was estimated by
counting the number of stained hepatocyte nuclei
using Adobe Photoshop version 5.5 and NIH Image
free software (version 1.62, NIH, Image program;
ref. 21).

The specificity of the anti-B-oxodG antibody used in
this study was confirmed by several parallel experi-
ments. Sections in which the primary antibody was
omitted or those treated with normal control serum
instead of the primary 8-oxodG antibody consistently
yielded negative staining. Localization of 8-oxod( was
considered specific because the recognition of hepato-
cytes was completely blocked by previous incubation
with 25 ng/ml of 8-0xodG but not by over a thousand-
fold greater concentration of guanosine. When the
primary antibody was preincubated with graded

8-0x0dG competitively, a similar blocking of immuno-
labeling was obtained. Further, enzymatic treatment with
RNase did not affect the immunoreactivity toward
oxidized DNA

Iron Reduction Therapy for NASH. To evaluate the
clinical effects of iron reduction for NASH, 11 NASH
patients with iron overload [serum ferritin levels were
elevated above the reference range (>300 ng/mL for
male and >200 ng/mL for female)] underwent iron
reduction therapy and the changes of serum and
histologic features were analyzed. We selected patients
that fulfilled the following criteria for iron reduction: no
complication with hypertension and/or cardiovascular
disorder, <70 y, and their histology showed without
cirrhosis and TIS is not score 0. Iron depletion was
accomplished by doing intermittent phlebotomies in
combination with regulation of dietary iron intake as
described previously (22). In brief, at the initial phase of
iron depletion, all patients underwent weekly or
biweekly phlebotomy of 200 g until a state of mild iron
deficiency was achieved (defined by a serum ferritin
levels <50 ng/mL and/or a blood hemoglobin concen-
tration of 12 g/dL). The mild iron deficiency state was
maintained by additional phlebotomies during the
study period: patients were followed up every 1 to
2 mo for the duration, and a phlebotomy was done if
the serum ferritin level exceeded 80 ng/mL. In addition,
those subjects were instructed both orally and in writing
by a registered dietitian to reduce their intake of iron-
rich foods during the intervention. The subjects were
not required to alter their total caloric intake but were
expected to replace iron-rich foods with appropriate
substitutes

Statistical Analysis. Results are presented as the
medians and ranges for quantitative data or as
numbers with percentages in parentheses for qualitative
data. Demographic and baseline data were compared
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Figure 1. A and B. Representative 8-oxodG immunohistochemical staining in liver tissues from patients with NASH (A) and simple
steatosis (B). In the liver of NASH, 8-oxodG immunoreactivity was strongly observed at the nucler of many hepatocytes and several
Kupffer cells (arrow) throughout the whole acinus, P4, portal area. In the liver of simple steatosis. relatively faint immunoreactivity of
8-oxodG was observed in the nuclei of hc‘palm‘ytcs and rarely in the cytoplasm. Scale bar, 100 pm C. Companson between 8-
oxodG - positive hepatocytic nuclear counts of patients with NASH and those of simple steatosis (S5). Positive cells were significantly
higher in NASH patients than in simple steatosis. O, individual data of patients.
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Table 2. Correlations between clinical findings and 8-oxodG levels in the liver of patients with NASH (n = 38)

Characteristics BoxodG Statistics
{positive cells/10° pm?) r P

Age (y) 0.048° NS*
Gender : R
Male (n = 22) 20.7 (10.0-433) NS
Female (n = 16) 154 (73-35.7)'
BMI (kg/m”) 0057 NS®
Labora data
ALT (TU/L) -0z NS*
AST (TU/L) 0.068* NS*
Total cholesterol (mg/dL) 0.258* %‘
Triglycenide (mg/dL) —0.050* *
Glnljﬂcm (mg/dL) 0.628° 0.0001*
Serum msu.ﬁrl (microunits/mL) 0.359* 0.0294*
HOMA-IR 0.683* <0.0001*
Hyaluronic acid (#/mL) 030™ NS
Platelet count (x10°/mm*) -0.491* 0.0028"
RBC count (x10*/mm®) -0.119* N§*
Hemoglobin (g/dL) 0.009* NS*
Serum iron (ug/dL) 0.587" 0.0004*
Transferrin saturation (%) 0364 0.0267°
Serum ferritin (ng/mL) 0.325* 0.0481°
Liver histology
Inflammatory activity' L

Al(n =14 189 (10.0-40.0)

Al (n =21) 19.0 (7.3433)" NS’

Al (n =3) 14.7 (12.0-17.6)
Fibrosis staging' ;

F1(n = 8) 14.9 (10.043.3)

F2(n =17) 150 (7.3-37.7)" NS

F3/4(n =13) 21.0 (12.0-40.0)
Steatosis" 0.392° 0.0172*
TIS* 0.455* 0.0056%
*Spearman rank cormelation test.
t Data are expressed as median (rang
t Unpaired Student’s ¢ test.
| Inflammatory activity and fibrosis staging in NASH was scored ding to Brunt classification (16).
! One-way factorial ANOVA and multiple comparison test.
1 Hepatic steatosis degree was assessed based on the percentage of affected hepatocytes.
**The histologic quantification of iron was d by TIS proposed by Deugnier et al. (17).
by use of Kruskal-Wallis ANOVA, which is indepen- Results

dent of the distribution of the data. Distribution of
variables was first evaluated to determine the most
appropriate statistical method across group compari-
sons. Normally distributed data were compared using
one-way ANOVA. Data that were not normally distrib-
uted were anal using Kruskal-Wallis ANOVA. The
mean values of two groups of normally distributed data
were compared by a ¢ test, and the median values of
two groups of data that were not normally distributed
were compared using the Mann-Whitney U test.

rank correlation was used to quantify the
association between continuous or ordered categorical
variables. To analyze the changes of BMI, serum, and
histologic variables after the iron reduction therapy,
paired Student’s | test was used. Logistic regression
analysis was used to identify significant factors that
influence elevated hepatic 8-0x0dG expression in NASH
and simple steatosis patients. Categorical variables with
more than two levels were coded as dummy variables.
All tests were two tailed, and P values <0.05
were considered as statistically significant. Statistical
analysis was done using the commercially available
software Statistical Package for the Social Sciences 11.5
(SPSS, Inc.).

Clinical Characteristics of the Patients with NASH
and Simple Steatosis. The main demographic and
clinical laboratory features of the patients with NASH
and simple steatosis are compared in Table 1. Patients
with NASH were older, and more male and obese
subjects than in simple steatosis, but they did not reach
the statistical significance. The prevalence of type Il
diabetes, hypertension, and hyperlipidemia, and serum
total cholesterol, triglyceride, and glucose levels were not
significantly different between the two groups. Serum
aspartate aminotransferase (AST), fasting insulin levels,
insulin resistance [assessed by homeostasis model
assessment of insulin resistance (HOMA-IR)], and
hyaluronic acid were significantly higher in NASH
than in simple steatosis. Iron-related serum markers
(i.e., serum iron, transferrin saturation, and ferritin) were
found to be significantly elevated in NASH compared
with those of simple steatosis. Although liver histology
showed no significant difference in steatosis degree
between the NASH and simple steatosis, hepatic iron
deposition was more prominent in NASH; TIS was
significantly higher in NASH compared with simple
steatosis [3 (0-8) versus 0 (0-5); P < 0.0001].
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Hepatic 8-oxodG Levels in NASH and Simple
Steatosis Patients. Figure 1A and B showed the 8-oxodG
immunohistochemical staining in liver biopsy samples
in patients with NASH and simple steatosis, as repre-
sentative. 8-oxodG immunoreactivity was strongly
observed in the nuclei (and weakly in the cytoplasm) of
hepatocytes, Kupffer cells, and infiltrated inflammatory
cells in NASH patients’ liver biopsy specimen (Fig. 1A).
The hepatocyte nuclei were differentiated from the
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Figure 2, Correlations between B-oxodG - positive hepatocytic
nuclear counts and clinical variables in 38 NASH or 24 simple
steatosis patients. A. 8-oxodG counts and serum glucose levels
in NASH. B. 8-oxodG counts and HOMA-IR in NASH. C. 8-
oxodG counts and serum iron levels in NASH. D. 8-0x0dG
counts and TIS in hepatic tssues in NASH. Dotted vertical line
indicates that the TIS s 0. E-1. 8-ox0dG counts and extent of
hepatic steatosis in NASH. E-2. 8-oxod( counts and extent of
hepatic steatosis in simple steatosis.

nuclei of other cells using computed analyses at the
point of nuclear shape and size. 8-oxodG-immunoreac-
tive hepatocytes were distributed throughout the whole
acinus in liver of patients. Using the liver samples
of patients with simple steatosis, relatively faint
immunoreactivity of 8-oxodG was observed in the
nuclei of hepatocytes and was rarely in the cytoplasm
(Fig. 1B). As a whole, 8-oxodG-positive hepatocyte
counts were significantly higher in NASH patients
than in simple steatosis [17.5 (range, 7.343.3) versus
2.0 (range, 0.0-13.3) cells/10° ym?; P < 0.0001; Fig. 1C].
In the liver of 10 healthy controls, immunoreactivities
of 8-0x0dG were rarely detected in the nuclei of

hepatocytes.

Clinical Variables That Correlate with Hepatic
8-ox0dG Levels in NASH Patients. To estimate the
source of oxidant-generated DNA damage that heﬂuent—
ly occurred in the livers of patients with NASH, the
correlations of clinical and histologic findings with the
degree of hepatic damaged DNA were evaluated, and
the results are summarized in Table 2. Patients’ age,
gender, and BMI were not related to hepatic 8-oxodG
counts in NASH patients. Although the 8-oxodG-
positive hepatocytic counts were not correlated with
serum transaminases, cholesterol, and triglyceride
levels, hepatic 8-oxodG levels were elevated in parallel
with increase of fasting glucose, serum insulin, and
HOMA-IR in patients with NASH [8-oxodG versus
glucose (r = 0.628, P = 0.0001) versus serum insulin
(r = 0359, P = 0.0294) versus HOMA-IR (r = 0.683, P <
0.0001); Table 2; Fig. 2A and B]. It is noteworthy that the
hepatic 8-oxodG levels were also positively correlated
with body and hepatic iron deposition markers; serum
iron, transferrin saturation, ferritin, and the hepatic iron
deposit grade (i.e., TIS) were significantly correlated with
8-oxodG-positive hepatocyte nucleus counts [8-oxodG
versus iron (r = 0587, P = 0.0004) versus transferrin
saturation (r = 0.364, P = 0.0267) versus ferritin (r = 0.325,
P = 0.0481) versus TIS (r = 0.455, P = 0.0056); Table 2;
Fig, 2C and DJ]. Platelet count was also correlated with
hepatic 8-oxodG levels, but histologic features (inflam-
matory activity and fibrosis staging) were not related
to hepatic oxidative damage to DNA in patients with
NASH. Moreover, elevated hepatocytic 8-oxodG levels
were significantly correlated with the extent of hepatic
steatosis in patients with NASH (8-oxodG versus
steatosis, r = 0.392, P = 0.0172; Fig. 2E-1), but these two
variables were not related in patients with simple
steatosis (Fig. 2E-2). The degree of hepatic iron deposi-
tion (TIS) and insulin resistance (HOMA-IR) was also
correlated mutually in patients with NASH (Fig. 3).

Clinical Variables That Correlate with Hepatic
8-0x0dG Levels in Simple Steatosis Patients. The
correlations of clinical and histologic findings with
the hepatic 8-oxodG levels were also investigated in
simple steatosis patients (Table 3). Patients’ age and
serum ferritin levels were significantly related to tic
8-oxodG levels in simple steatosis, but other variables,
including HOMA-IR, serum iron levels, and TIS, were
not correlated.

Factors Independently Associated with Elevated
Hepatic 8-oxodG Levels. To identify the variables
independently associated with elevated hepatic 8-oxodG
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Figure 3, Correlation between TIS in hepatic tissues and
HOMA-IR in NASH patients. Dotted horizontal line indicates
that the TIS is 0.

levels in NASH and simple steatosis patients, logistic
regression analysis was done using the variables
recorded in Tables 2 and 3. When the analysis was done
in combination NASH and simple steatosis, positive for
hepatic iron deposit (i.e., TIS > 0) and insulin resistance
(i.e., HOMA-IR > 2) were independent variables contrib-
uting to elevated (>10 positive cells/ 10° um?) hepatic
B-oxodG (Table 4).

of Serum and Hepatic Histologic Features
by Iron Reduction in NASH Patients. To directly
evaluate the effect of iron overload to oxidatively

generated damage to DNA in the liver of patients
with NASH, iron reduction therapy (phlebotomy plus
iron-restricted diet) was done in 11 hyperferritinemic
NASH patients (7 males and 4 females; range, 39-67
years) and changes of serum and histologic variables
were examined (Table 5). A mean blood volume of
1,700 + 630 mL was removed by 8.5 + 3.1 venesection
times done over a period of 10.8 + 1.9 months. Serum
hemoglobin, iron, and ferritin levels were decreased in
all treated patients at the end of iron reduction. Serum
alanine aminotransferase (ALT), TIS score, and hepatic
8-0x0dG levels were also decreased in most treated
patients, and mean values were significantly decreased
after the treatment. Serum cholesterol, triglyceride,
fasting glucose, and insulin levels were not significantly
changed by iron reduction therapy.

Discussion

In this study, we used immunohistochemical approaches
using a monoclonal antibody against 8-oxodG in forma-
lin-fixed, paraffin-embedded liver sections for assess-
ment of oxidatively generated damage to DNA in the
liver of nonalcoholic fatty liver disease. Using this
approach, 8-oxodG-positive signals in liver tissue were
detected in all patients with NASH, suggesting that
oxidative stress is a frequent event in the liver of NASH
patients. At present, a commonly accepted model for the
pa esis of NASH is the so-called two-hit hypoth-
esis; first hit leads to accumulation of hepatic free fatty
acids resulting in a histologic picture of macrovesicular
steatosis, and a subsequent second hit may result in liver

Table 3. Correlations between clinical findings and 8-oxodG levels in the liver of patients with simple steatosis

(n =24)
Characteristics B-onodG Statistics
(positive cells/10° pm?) r P

Age (y) 0.485° 0.0251*

Gender g §

Male (n = 11) 2.0 (0.7-13.3) NS

Female (n = 13) 20(0063)7

BMI (kg/m?) 0.221° NS*

Labora data

ALT (TU/L) 0.276* NS*
AST (IU/L) 0.310* NS
Total cholesterol (mg/dL) 0.009* NS*
Triglyceride (mg/dl) -0.070" NS*
Glucose (mg/dL) 0.321° NS*
Serum i in {microunits/mL) -0.225* NS*
HOMA-IR 0.001* NS*
Hyaluronic acid {nﬁ/ml.) 0.360 NS
Platelet count (= 10%/mm’) -0.265* NS5
RBC count (%10"/mm®) -0.265* Eg:
H in (g/dL) -0.237*
Serum m% ufg/dl.) 0.094° N5*
Transferrin saturation (%) 0.141* NS*
Serum ferritin (ng/mL) 0577 0.0082+

Liver histology

Steatosis’ 0.155* INS*

TIS' 0.282* INS*

*Spearman rank correlation test
1 Data are expressed as median (range)
t Unpaired Student’s ! test.
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! The histologic quantification of iron was i by TIS proposed by Deug H..ll.('l?}
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Table 4. Factors associated with the elevated hepatic
8-oxodG in NASH and simple steatosis patients by
regression analysis

Factors RR (95% C1) P
TIS>0 3.69 (2.18-13.97) 0.0088
HOMA-IR > 2 261 (1.50-6.46) 0.0273

Abbreviations: RR, relative rsk; 95% C1, confidence interval

injury (3). Although the precise mechanism of how the
second hit occurs and concerns in liver disease progres-
sion remains unclear, oxidative stress is recognized as the
most convincing mediator of second hit in NASH (4-6).
Significantly elevated hepatic 8-oxodG in NASH com-
pared with simple steatosis supports the hypothesis that
oxidative stress may contribute to the pathogenesis of
NASH. Because the hepatocytic 8-oxodG counts were
significantly correlated with platelet count, oxidative
stress may be related to disease p ion in NASH,
especially fibrogenesis. Seki et al. (4) also reported that
hepatic oxidative stress formation as assessed by the
level of 4-hydroxy-2-2 nonenal was signj.ﬁmtly in-
creased with the progression of histologic fibrosis staging
in NASH. The degree of hepatic fat deposit seems to be
relevant to hepatic oxidative stress formation in NASH
because hepatic 8-oxodG levels were positively correlat-
ed to the extent of steatosis in NASH. But steatosis alone
could not cause the hepatic oxidative stress because the
degree of hepatic steatosis was not significantly different
between the NASH and simple steatosis, and steatosis
and 8-oxodG levels were not correlated in simple
steatusis patients. These results clearly indicate that
second hit is necessary for the development from simple
steatosis to NASH.

Some authors believe that iron may be the substrate of
oxidative stress and could be responsible for the second
hit in patients with NASH (23, 24). In steatotic livers, the
saturation of P-oxidation by excess free fatty acids
will ultimately lead to the generation of hvdrogen

peroxide, which in turn can be converted to highly
reactive hydroxyl radicals in the presence of free iron via
Fenton reaction (10). Indeed, there is strong evidence,
from in vitro and in vive studies, that iron overload
enhances oxidative stress (25-27), Consistent with several
previous findings (7-9), the present data showing that
serum iron, transferrin saturation, and ferritin levels and
the grade of hepatic iron stairtin{;1 (TIS) are significantly
higher in NASH compared with simple steatosis also
suggest that iron overload may be responsible for
the second hit and pathogenesis of NASH. Quantitative
analysis revealed that hepatocytic 8-oxodG levels were
significantly correlated with these iron-related markers
in NASH, strongly indicating that the increase in the
body stored iron is specifically related to increased
hepatocytic oxidatively generated damage to DNA in
NASH patients.

Because serum insulin and HOMA-IR were signifi-
cantly higher in NASH than in simple steatosis, and
fasting glucose levels and HOMA-IR were significantly
correlated with hepatic oxidative damage to DNA
in NASH patients, another important factor for
hepatic oxidative stress formation in NASH may be
insulin resistance, as same as the iron overload. A
strong association between iron overload and insulin
resistance has been p . In fact, Mendler et al. (28)
defined a syndrome of “insulin resistance-associated
iron overload” in the presence of unexplained hepatic
iron overload and at least one component of the
insulin resistance. Insulin r we also d to be
closely linked to total body iron stores in the general
population. Body iron stores are positively associated
with the development of glucose intolerance and type
2 diabetes (29, 30). Iron overload and insulin resistance
relationship also confirms the fact that iron depletion can
improve insulin sensitivity (31-33). Iron overload can
interfere with insulin signaling through the induction
of reactive oxygen species, the latter impairing insulin
uptake through a direct effect on insulin receptor
function, by inhibiting the translocation of glucose

Table 5. Profile, phlebotomy, and changes in individual data after iron reduction therapy in patients with NASH

Patient Age/ Phlebotomy period BMI ALT Hemoglobin  Serum iron  Ferritin TS H'-u{\)dt;
no. gender (mo)/volume (mL) (kg!mzl (TU/L)y (g/dL) (ug/dL)  (ng/ml) (/10° um?)
Before After  Before After Before After Before After Before After Before After Before After
1 47/M 972,200 31.0 297 59 32 156 147 220 172 718 77 8 4 40.0 A7
2 66/M 9/1,000 262 259 17 110 145 142 188 155 431 382 6 8 320 390
3 67/M 12/1,800 73 285 98 56 142 136 141 115 539 123 5 4 270 223
4 41/F 14/2,400 290 278 136 97 145 132 170 122 481 53 5 2 253 123
5 59/F 13/1,400 350 322 16 38 149 136 133 11 223 75 5 1 200 127
f 41/M 12/2,800 251 253 122 49 153 139 Y2 72 34 68 4 4 19.0 57
7 59/F 10/800 235 222 133 72 122 115 202 154 847 272 7 5 17.6 6.7
L] 54/F B8/1,200 252 253 82 49 15.7 152 124 107 300 109 2 2 133 12.0
9 42/M 12/1,800 281 2B3 9 42 16.4 14.7 120 77 537 3¢ 5 2 123 5.0
10 39/M 9/2,000 281 245 118 77 162 143 134 100 306 34 2 i} 17 3.7
11 64/M 11/1,200 304 3041 kA 15.0 142 9% 94 33 46 4 2 10.0 10.7
Mean 281% 271 996" 6467 150° 139' 148 115" 463 116" 48317 207+ 138

*Statistically significant difference at P = 0.0222 (paired | test)
! Statistically significant difference at P = 00003 (paired | test).
* Statistically signifi e at P < 0.000] (paired | test)
i Statistically significant difference at P < 0.0001 (paired 1 test).
I Statistically significant difference at P < 0.0001 (paired | test).
* Statistically significant difference at P = 00113 (paired | test)
“Statistically significant difference at P = 0.0092 (paired | test)

Cancer Epidemiol Biomarkers Prev 2009;18(2). February 2009



Cancer Epidemiology, Biomarkers & Prevention

transporter GLUTA4 to the plasma membrane (34, 35). The
relation of insulin resistance and iron overload is also
important in reverse, as insulin stimulates cellular iron
uptake through increased transferrin receptor external-
ization (36, 37). It is also known that the glycation
of transferrin decreases its ability to bind ferrous iron
(38) and, by increasing the pool of free iron, stimulates
ferritin synthesis. Glycated holotmnsferri.n is additional-
ly known to facilitate the production of free oxygen
radicals, which further amplify the oxidative effects of
iron (38). Reciprocally, the oxidative stress also induces
both insulin resistance [by decreasing internalization of
insulin (34)] and increased ferritin synthesis. Therefore,
iron overload, insulin resistance, and oxidative stress
may amplify each other and may compose the vicious
cycle to progress liver injury in NASH.

The above-mentioned results prompted us to investi-
gate the passibility of iron reduction for improvement of
hepatic oxidative damage to DNA in NASH. Iron
reduction (phlebotomy plus iron—-restricted diet) therapy
for NASH significantly reduced the serum ALT and
hepatic 8-0xodG levels, suggesting the ility of iron
reduction for treatment option for NASH. Recently,
Valenti et al. (33) reported that iron reduction also
improved insulin resistance in 64 phlebotomized nonal-
coholic fatty liver disease l:‘pati.en'm with hyperferritine-
mia. A randomized study also suggests that iron
reduction may recover insulin action in type 2 diabetic
patients (39). But in our treated NASH patients, iron
reduction did not significantly affect insulin resistance
state. Large randomized controlled studies, cmmdermg

as final outcomes, are nonetheless required to
determine the clinical effect of iron reduction therapy in
patients with NASH before this therapy can be proposed.

In conclusion, iron overload, insulin resistance, and
hepatic oxidatively generated damage to DNA tightly
correlate each other in NASH patients, suggesting that
these three factors may layanunpafhnlrolemthe

pathogenesis of NASH ple and inexpensive thera-
pies, such as phlebotomy and iron-restricted diet, may
be emerging as effective treatment options, which may
lead to reduction of hepatocellular carcinoma incidence
in NASH patients.
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SPINK1, ADH2, and ALDHZ2 gene variants and alcoholic
chronic pancreatitis in Japan
Tooru Shimosegawa, Kiyoshi Kume and Atsushi Masamune

Divsion of Gaswoenterology. Tohoku University Graduate School of Meadicing, Sends, Japan

Abstract

The senne protease inhibitor Kazal type | (SPINKI) 15 a potent antiprotease and an
important inactivation factor of intrapancreatic trypsin activity. Loss of function by the
SPINK! mutations leads to decreased inhibitory capacity. The sigmificance of SPINK/
mutations in alcoholic chronic pancreatitis (CP) in Japan and its functional role remain
unclear. The aim of the present study was to clarify the incidence of SPINKI, alcohol
dehydrogenase 2 (ADH?2) and aldehyde dehydrogenase 2 (ALDH2) vanants in CP patients
in Japan. One hundred and 86 patients with CP, and 527 healthy volunteers were enrolled.
Mutational analyses were performed by polymerase chain reaction-restriction fragment
length polymorphism and direct sequencing. Serum pancreatic secretory trypsin inhibitor
(PSTI) level was measured by radioimmunoassay. The [requencies of N34S and
IVS3 + 2T > Cinthe SPINK | gene were significantly higher in patients with non-alcoholic
CP(12.9% and 8.6%, respectively) than in normal subjects (0.37% and 0%). In total. |8 of
93 (19.4%) patients with non-alcoholic CP had at least one SPINK] mutation. Concerning
alcoholic CP, we found IVS2 + 2T > € in a small number of patients (3.9%). Serum PSTI
concentration was decreased in patients with the IVS3 + 2T > C mutaton. The frequency
of the ADH2=2 allele in the alcoholic CP group was significantly higher than that in
aleoholics without pancreatitis. The frequency of the ALDH2*2 allele was significantly low
in patients with alcoholic CP compared with healthy controls. In conclusion, SPINK]
mutations were associated with non-alcoholic CP. Furthermore, we revealed the amount of
wild-type PSTI was decreased in patients with TVS3 + 27T > C mutation. Variants of
alcohol-metabolizing enzymes appeared in the relation 1o alcoholic CP.

Tooru Shimosegawa

Key words

alcoholic pancreatius, mutational analyms,
pancrealic secretory trypsin inhibitor
pancrealitis. senne protease nhibitor Kazal
typa 1

Carrespondence

Professor Tootu Shimosegawa, Division of
Gastroenterology, Tohoku University Graduate
School of Medicine, 1-1 Sarryo-cho, Aoba-ku,
Sendal 980-8574, Japan. Email
1siumosegawa@nt3 med tohoku ac jp

I tof i sweactive PSTT could be helpful both in
diagnosis and assessment of acute pancreatitis and malignant dis-

cases,'"** However, the correlation between serum PSTI level and

Introduction

Chronic pancreatitis (CP) is a progressive inflammatory disease

that eventually leads to impairment of exocnine and endocnne
functions of the pancreas.'” Long-term consumption of large
amounts of alcohol is the main cause of CP. In Japan, more than
half of CP is caused by alcohol, followed by ‘idiopathic’ which
accounts for approximately 20% of the cases. However, all heavy
drinkers do not always develop chronic pancreatitis, being < 15 in
Japan and 5% in the USA.

The serine protease inhibitor Kazal type | SPINK1 (OMIM
167790, also called pancreatic secretory trypsin inhibitor [PST1])
is a potent antiprotease that is thought to be an inactivation factor
of intrapancreatic trypsin activity. In 2000, Witt er al. reported a
transition mutation resulting in a substitution of asparagine by
serine at codon 34 (N34S) in 18 of 96 (19%) unrelated German
children and adolescents with CP* The high frequency of N345 1n
CP patients has been confirmed by several studies.® ' But, the
significance of SPINK] gene mutations in alcoholic CP remains
unclear in Japan. PSTI has also been detecied in some extra-
pancreatic normal tissues and in various cancers.” Since radio-
immunoassays for pancreatic enzymes have been established.
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SPINKI mutations has not been clanified.

Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase 2
(ALDH2) play central roles in the initial stages of alcohol metabo-
lism. The ADH are the homodimenic and heterodimenc isozymes
whose subunits are encoded by the ADHI, ADH2, and ADH3
genes. Polymorphisms with physiological significance exist in the
ADH?2 and ADH3 gene loci to different degrees in different ethnic
groups. The ADH2*2 allele. which encodes the more active
B2-ADH subunit, predominates in the Asian population. This
variant can produce acetaldehyde much faster than the usual ADH,
encoded by the ADH2* [ allele.” In the ALDH2 gene, glutamine-
lysine amino acid replacement caused by one nucleotide transition
in exon 12 results in loss of catalytic activities. As is well known,
the variant form of ALDH2 is found almost exclusively in popu-
lations of Asian origin, and approximately 45% of Japanese
possess this type of ALDH2.!""

In the present study, we ammed to clarify the incidence of
SPINKI, ADH2, and ALDH2 vanants in alcoholic CP patients in
lapan. In addition to studying the functional effect of SPINK]

2007 The Authors
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mutations, serum PSTI level in subjects with SPINK/ mutations
was examuned.

Methods

Subjects

All enrolled subjects gave their informed consent according to the
ethical guidelines of the Declaration of Helsinki. This study was
approved by the Ethics Committee of Tohoku University School of
Medicine. One hundred and 86 (149 males and 37 females) unre-
lated patients with CP were enrolled in this study. The diagnosis of
CP was based on the standard diagnostic criteria for CP, consisting
of imaging tests, exocrine function tests, and histological exami-
nations. The diagnosis of hereditary pancreatitis was made on the
basis of three or more relatives in two or more generations with CP
and/or the confirmation of the PRSS/ gene mutation. Patients with
CP, in whom the criteria for hereditary pancreatitis were not met
but there were at least two affected family members, was classified
as familial pancreatitis, Idiopathic CP includes patients in whom
no predisposing factor could be identified. Patients with alcohol
consumption of more than 80 g/day for at least 2 years were clas-
sified as alcoholic CP. The etiologies of CP in this study were as
follows: alcoholic (n = 93), hereditary (n = 9 from nine families),
familial (n= 12 from 12 families), idiopathic (n = 58), autoim-
mune (n= 13), and divisum (n = 1). Among the patients with idio-
pathic CP. 21 patients who had developed pancreatiis before the
age of 30 years were classified as carly onset, whereas 17 patients
who had developed pancreatitis after 30 years of age were classi-
fied as late onset. Five hundred and 27 unrelated healthy volun-
teers served as controls. All of the patients and controls were
Japanese. The data on clinical course of pancreatic disease were
based on physician’s history and review of physical examination
records.

Mutational analysis

Genomic DNA was extracted from peripheral blood leukocytes
according 1o the standard protocol. Mutational analysis of

SPINK1, ADH2, and ALDH2 gene variants

SPINK!. ADH2 and ALDH2 genes was carmed out by directional
sequencing and polymerase chain reaction—restriction fragment
length polymorphism (PCR-RFLP) analysis, as we previously
reported !

Radioimmunoassay of serum PSTI

Blood samples were obtained from cases of chronic calcifying
pancreatitis (1= 1), recurrent acute pancreauus (n= 1), N34§
mutation carrier (n=35), and a healthy control (n= 1), after
informed consent had been given. Blood samples for determina-
tion of PSTI were immediately separated and stored at ~80°C until
assayed. Serum PSTI was measured using a commercial radioum-
munoassay kit (Ab Bead PSTI; Eiken Chemical Co.. Tokyo,
Japan).

Statistical analysis

Statistical analysis was performed using the two-sided Fisher's
exact test. A P-value < (.05 was considered significant.

Results

SPINK1 mutations in Japan

In patients with pancreatitis, we found two types of mutation,
[N348; TVS1-37T > Cland [-215G > A; IVS3 + 2T > ], and two
polymorphisms, -2531 > C and 272C > T. The N34S mutation
was found in 12 of 186 patients with CP (Table 1). Twelve CP
patients carrying this mutation included five familial pancreatitis
(one homozygous), six whopathic CP (four early onset and two late
onset), and one autoinminune pancreatitis. The heterozygous N345
mutation was found in two of 527 healthy controls. The prevalence
of N348 was sigmficantly higher in patents with familial pancre-
atitis (41.7%) and with idiopathic CP (10.3%), compared with
healthy controls (0.37%).

The [VS3 + 2T > C mutation was found in 11 of 186 patents
with CP (Table 1), Eleven CP patients carrying this mutation
included one famihial pancreatitis, seven idiopathic CP (two

Table 1 Frequencies of the N34S and V53 + 2T » C mutatons in Japanesa CP patenta

Eticlogy n N34S INS3+2T>C

Total ht i Frequency” Allele fraquency Pwalue  Total ht hm Freguency® Allele frequency Pvalue
Alcoholic 93 0 c o 0% 0% - 3 21 32% 22% 0.0213
Non-alcoholic a3 12 10 2 129% 715% < 00001 & 8 2 B6% b 4% =< 00001
Heraditary 9 0 o o 0% 0% - 0 0 0 0% 0% -
Familial 12 5 4 1 1.7% 250% < 00007 1 0 8.3% 42% 0.0478
ichopathic 58 ] 5 1 103% 6.0% <0000 7 5 2 121% 78% < 0.0001
Autaimmune 13 1 1 0 7.7% 18% 00708 O 0 0 0% 0% -
Divisum 1 a c 0 0% 0% - 0 0 0 0% 0% =
Contral’ 527 2 2 0 037% 0.19% - 4] 0 0 0% 0% -
CP, chroruc pancreatitis, ht, heterozygous, hm, homozygous
*Fraquenaas of the N34S and IVS3 + 2T == C mutations in CP patiants are shown as pef patients
'IVS3 + 2T = C mutation was examnad in 240 haealthy voluntesrs
Joumal of Gastroenterclogy and Hepatology 22 (20080 Suppl. 1, SH2-586 © 2007 The Authors 583
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SPINK1, ADM2, and ALDHZ gene variants

Table 2 Sarum PSTI leval and SPINKT mutations

T Shimpsegawa et al

Case Age lyears) Sex Diagnosis SPINK 1 mutation Setum PSTI Ing/mL!
1 32 F CCP N34S (hm) 60
2 33 F ccep N34S (ht 88
3 76 M Carrior N34S (hy 100
4 75 F Carniet N34S (hy 95
5 48 M Carriar N34S hy B4
] 27 E Carniae N34S (h 70
7 25 M Carriar N345 tht 80
8 38 M Recurrant AP N34S (IIVE3 + 2T = C thy 35
9 54 F cce IVS§3 4 2T > C (b 28
10 51 M Healthy None 81
Normal range 46-200

AP, scute pancreattis, CCP, chronic caleifying pancreatins, PSTI, pancreatic secratory trypsin inhibitor

Table 3 ADH2 genotype and sllele frequency dstnbutions

Genotype Allgle
2*172"1 2122 2°22'2 1 2
n (%) n (%) %)
Chronic alcohalic pancreatitis (n=78)* 8102 29 (37.2%) 41 (626%) 0.287 07128
Chronic alcoholic pancreatitis (0= 54)'" 2 137%) 21 138.9%) 3 57 4%) 0z 0.769
Alcoholic controls without pancreatitis (n=244) 84 124.4%) 86 (35 2% 74 130 3%) 0520 0 480b
Healthy controls (n=461) 3 7.2%) 160 (24.7%) 268 (58.1%) 0245 0,755

ADH aleochol dahydrogenase
*Prasant atudy
avshb Pe< 0001

homozygous, one early onset, six late-onset), and three alcoholic
CP (one homozygous). The IVS3 + 2T > C mutation was not
found in 240 healthy controls. The prevalence of IVS3 + 2T > C
mutation was significantly higher in patients with familial pancre-
atitis (8.3%), with idiopathic CP (12.1%), and with alcoholic CP
(3.2%) than in healthy controls (0% ). Two patients with idiopathic
CP were compound heterozygote, carrying both N34S and
IVS3 + 2T > C mutations, In total, 18 of 93 (19.4%) patients with
non-alcoholic CP had at least one SPINK] mutation. This preva-
lence in patients with non-alcoholic CP was significantly higher
compared with alcoholic CP (3.2% P = 0.0004).

Serum immunoreactive PSTI level and SPINK1
mutations

Serum immunorcactive PSTI levels were determined in four
patients with pancreatitis, five N34S camriers and one healthy
control (Table 2). Serum PSTI concentraton was decreased in
two cases with IVS3 42T 5> C mutation (3.5 and 2.8 ng/ml.,
respectively). Two CP patients with N34S mutation (one homozy-
gous), five NS carners, and one healthy control showed normal
levels of serum PSTI (4.6-20.0 ng/ml.).

ADH2/ALDHZ polymorphisms in patients with
alcoholic CP

The ADH2*1/2%t. ADH2*1/2%2, ADH2*2/2*2 were seen in
10:2%, 37.2%, and 52.6% of pabents with alcoholic CP, respec-

584

tively (Table 3). The frequency of the ADH2#2 allele was signifi-
cantly higher in patients with alcoholic CP(71.2%) compared with
alcoholics (48.0%) (P < 0.0011. Surgical procedures were reported
in 23 of 41 (56.1% ) panents with the ADH2*2/2%2 genotype; this
proportion is higher than in those with the ADH2*I2*] o
ADH2* 1/2* 2 genotype (32% ). We found no significant differences
among the group of ADH2 genotypes with regard to diabetes
mellitus, peptic ulcer, pancreatic pseudocyst, and dilatation of the
common bile duct. The ALDH2%[72%], ALDH2*1/2%2, and
ALDH2#2/2%2 were seen in 95.3%, 4.7%, and 0.0% of patients
with alcoholic CP, respecuively (Table 4). The frequency of the
ALDH?2*2 allele was significantly lower in patients with alcoholic
CP (2.3% ) compared with healthy controls (24.3%) (P < 0.001 ),

Discussion

SPINKI is thought to be the first line of defense against prema-
rely activated trypsinogen, and the loss of SPINKI funcuon
results in increased intrapancreatic trypsin activity.”* We herein
showed that the prevalence of the SPINK ! mutations was high in
patients with non-alcoholic CP, whereas the contribution was less
evident in cases of alcoholic CP. This is in agreement with the
results of previous studies i other Western countries showing
limited contribution of the SPINKT mutation o the rsk and
severity of alcoholic P Schneider er al. reported from the
USA that the N34S mutation was detected in two of 32 (6.3%)
patients with alcoholic CP* In a European study, the N348
mutation was detected in 5.8% of the patents (16/274) with
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Table 4 ALDMZ genotype and allele frequency distnbutions

SPINK1. ADH2, and ALDH2 gene variants

Ganotype of ALDH2 Allale
2*12*1 U122 2°222 2'1 202
n (%) n{%} (%)
Chromc alcohaolic pancraatitis (n=86)°* 82 (95.3%) 414.7%) 0 {0 0%) 0977 0023 a
Chranic alcoholic pancreatitis (n=54)" 46 (85 2%:) 8114 8%) 0 10.0%) 0926 0.074
Alcoholic controls without pancreatus in= 244)' 210 (86.1 %) 34 (13.9%) 0 (0.0%) 0931 0.089
Healthy controls (n= 481) 268 (58.1% 162 (35.1%) 31 18.7%} 0757 0243 b

ALDH, aldahyde dehydrogenasa
*Prasent study
avsh P<0001

alcoholic pancreatitis and in 0.74% of the control population
(4/340).° The relatively low frequency of SPINK/ mutations in
patients with alcoholic CP worldwide suggests that this genetic
variant does not play a key role in the majority of patients. In the
present study, the three patients with alcoholic CP carrying the
IVS3 + 2T > C mutation had onset of pancreatitis at ages 28, 30,
and 42, respectively. These ages of onset were earlier than the
average age of 47 in our pauents with alcoholic CP. Thus,
SPINK] mutations may have an impact on the phenotypic pre-
sentation of alcoholic CP.

PSTI has also been detected in some extrapancreatic normal
tissues and in various cancers,'” The previous clinical applications
revealed that serum PSTT was significantly elevated in acute pan-
crealilis, chronic relapsing pancreatitis, and in various malignant
discases."""* In a further clinical study of serum PSTI determina-
tion, serum PSTT level remained within the normal range after total
pan my.”! Few patients with chronic pancreatitis or pan-
creatic cancer showed decreased concentrations,'” although the
pathophysiological role of the low PSTI level has not been fully
clarified. In the present study, we found that serum PSTI levels
were decreased in two cases with heterozygous IVS1 + 2T = C
mutation (3.5 and 2.8 ng/ml., respectively).

We have previously examined the mRNA sequences of the

N34S or heterozygous N34S mutations was within the normal
range. This finding confirms a previous study showing that the
N34S mutation is not associated with alternative splicing'’ and
does not alter SPINK! folding/secretion,” A study comparing
recombinant N34S and wild-type SPINK | found no difference in
trypsin activity or binding to trypsin.** Ironically, the functional
defect caused by N34S, the most frequent SPINK! mutation,
remains enigmatic awaiting further investigation.

As for the genotypes on alcohol-metabolizing  enzymes,
few reports have appeared on their relation to alcoholic
pancreatitis,'”"* Tn the present study, the frequency of the ADH2*2
allele in the chronic aleoholic pancreatitis group (71.2%) was
significantly higher than that in alcoholics without pancreatitis
(48.0%). Our results agree with those reported by Maruyama
etal."® and Matsumoto ef al.”” We also showed the ADH2%2/2%2
genotype increases the frequency of pancreatc surgery. Matsu-
moto ef al. reported that the frequency of the ADH2*2 allele was
high in cases with charactenstic fibrosis of alcoholic pancreatitis.”
However, a role of ADH2 in pancreatic cellular disorder is still not
clear, The incidence of ALDH2* 1742 and ALDH2*2/2 was sig-
nificantly reduced in patients with alcoholic CP (2.3%) compared
with control subjects (24.3%). The inactive form of ALDH2 is
considered to protect against alcoholism by allowing high levels of

SPINK! gene and revealed that the [VS3+2T>C jon
caused skipping of the whole of exon 3, leading to the loss of the
trypsin-binding site.'” Furthermore, the amount of wild-type tran-
script in a patient with heterozygous IVS3 + 2T > C mutation was
found to be 62% of the healthy control.”” The low wild-type PSTI
level in patients with the IVS3 + 2T > C mutation confirms these
previous researches showing that mRNA level was altered by this
mutation.

Recently, the LI4R mutation in the signal peptide of SPINK/
was found in two families with hereditary pancreatitis.” Transfec-
tion experiments of the L.I4R mutation using human embryonic
kidney cells indicated a complete loss of secretion. In addition,
expen il ion revealed that the rare missense
mutations, D50E, Y54H, and R67C reduce SPINK1 secretion by
causing intracellular retention and degradation of SPINKI~
Serum wild-type PSTI content examined by specific radioimmu-
noassays might be decreased in patients with these rare mi

acetaldehyde to cause an adverse reaction.

In conclusion, we reported that SPINK] mutations were asso-
ciated with non-alcoholic CP. The amount of wild-type PSTI was
decreased in patients with [VS3 4+ 2T > C mutation. Further
studies are necessary to clanfy the disease-relevant functional
effect of the N34S mutation on SPINKT function.
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Alcohol and pancreatitis
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Atsushi Masamune and Tooru SHIMOSEGAWA
Witk ATRELAHRNHCBRET O

O7LIA-LE@MS S UBMERENTELREATS 2. MANLEBAE T AMBRD 37.3%, BERED
B7.7%N PLIA—-NEEIND, PLOA-NILIBERERT L L TELERRLE, s 2EHIR
BE2hTVAYN, RBLPELECVELRIZATUVALY, BEARETIORKERO I L EPEK
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{EAOIERHIC RS T 3 70 0 — JUBIK B P IERRLAOfCM (C R T 2 carboxyl ester lipase, RFFMEICEE(L
ENEPUTL EEET IR BEN) oA EES - S EOREFBRIMEBZATLS,

Pxey, | 7o, msy. MEFSE. SPINKT, carboxyl ester lipase
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