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Abstract

A 5I-year-old man with recurrent episodes of an-
gioedema was diagnosed as having autoimmune acquired
angioedema, based on adult onset, lack of apparent family
history, decreased activity of C1 esterase inhibitor (C1 INH)
and CHS50, decreased levels of serum C4 and Clq and the
presence of autoantibodies to C1 INH. The danazol treat-
ment relieved the symptoms of angioedema and increased
the C1 INH activity and concentration with the normaliza-
tion of CH50, Clq and C4 levels. To our knowledge, this is
the first case of autoimmune acquired angioedema in Ja-
pan.

(Internal Medicine 41: 398-402, 2002)
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. Introduction

Angioedema is a well-demarcated localized edema involv-
ing the deep layers of the skin, including the subcutaneous tis-
sue (1). Some forms of angioedema are related to C1 esterase
inhibitor (C1 INH) deficiency, due to genetic defects (heredi-
tary angioedema; HAE} or acquired defects (acquired an-
gioedema; AAE) (2-4). HAE, an autosomal dominant disease,
is characterized by low levels of C1 INH protein and/or low
functional activity of C1 INH. The onset of symptoms usually
appears in childhood and early adolescence with a family his-
tory. AAE, associated with lymphoproliferative disorders or
autoantibody synthesis, has the same clinical manifestations
but differs in the lack of family history and usually shows the
onset of symptoms in adults. Here we present an adult patient
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with AAE having autoantibody to C1 INH in whom treatment
with danazol appeared to be effective through increased syn-
thesis of C1 INH.

C1 INH binding ELISA

The existence of autoantibodies binding to C1 INH in the
serum was examined by ELISA as described previously (3).
Briefly, C1 INH (Sigma-Aldrich Japan, Tokyo) was coated on
the ELISA plates (Nunc-Immunoplate, Nunc, Roskilde, Den-
mark) in carbonate buffer (pH 9.6) at 5 to 10 pg/ml for over-
night at 4°C. After washing three times with phosphate-buff-
ered satine (PBS) (pH 7.4) plus 0.1% Tween 20 (Nacalai Tesque
Inc., Tokyo), the wélls were non-specifically blocked with PBS-
Tween 20 containing 1% bovine serum albumin (F-V, Nacalai
Tesque Inc.) (blocking buffer) for 2 hours at room tempera-
ture. After 5 washes, serially diluted serum (100 pl) with block-
ing buffer from the patient and from three healthy volunteers
was added in duplicate to plates and incubated for 2 hours at
room temperature. After five washes, 100 pl of alkaline phos-
phatase-conjugated anti-human IgG (1:1,000, Sigma), anti-
human IgM (1:1,000, BioSource, Camarillo, CA, USA) or anti-
human IgA (1:1,000, BioSource) antibody was added to each
well and the plates were further incubated for 2 hours at room
temperature. After five washes, 100 pl of substrate (p-
nitrophenyl phosphate, Sigma Diagnostics, St. Louis, MO,
USA) at 1 mg/ml in substrate buffer (0.05 M NaHCO, and

0.01 M MgCl,, pH 9.8) was added to each well and the plates -

were incubated at room temperature. Absorption was measured
at 450 nm using an Immunoreader (Japan Intermed Inc.,
Tokyo).

Case Report
A 51-year-old man was admitted to our hospital for further

examination after episodes of recurrent angicedema in Febru-
ary 2001. Four years before the admission, he began to have an
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A Case of Type Il AAE

Figure 1. Episode of angioedema in this patient; Facial appearance without attack (A}, facial swelling (IB) and swelling of the

vpper limb (C} during the episode.

acute onset swelling of the hands and feet with subclinical fe-
ver and general fatigue. The swelling spontaneously resolved
within 3 or 4 days. In 1998, episodes of angioedema occurred
three or four times a year and localized lesions were expanded
to the upper limbs, face and external genitalia. Figure 1 shows
swelling of the face and upper extremity in this patient during
one episode of angicedema. There was no family history of
angioedema, On admission, physical examination did not re-
veal any remarkable abnormal findings. Chemical analyses of
blood showed that the white cell count was 4,820/u11, with 66%
neutrophils, 26% lymphocytes, and 2% eosinophils. Serum
concentrations of total proteins and albumin, electrolytes, as-
partate aminotransferase, creatinine kinase, creatinine, uric acid
were normal. Serum immunoglobulin concentrations were
within the normal limit (fgG 1,220 mg/dl, IgM 107 mg/dl and
IgA 230 mg/dl) but the IgE level (790 1U/mi) was increased.
Serum C reactive protein, antinuclear antibody and circulating
immune complexes were negative. As for the profile of the
complement system shown in Table 1, the C4 and Clq concen-
tration was decreased to 13 mg/dt (17-45 mg/d! at normal value)
and less than 2 mg/dl (8.8-15.3 mg/dl), respectively, but the
C3 level was normal at 128 mg/dl (86-160 mg/dl). Total
hemolytic complement (CHS0) was less than 10 U/ml {(25-46
U/ml). In addition, the activity of C1 INH was depressed to
50% (80-125%), but the serum concentration of C1 INH mea-
sured by immunonephelometry remained at 13 mg/d] (12-23
mg/dl). Thus, the patient was diagnosed as AAE, based on the
symptoms, the age at onset, no evidence of family history and
the data on complement levels.

AAE is classified into two forms (type [ and type IT) (2, 6).
It has been reported that patients with type [ AAE are associ-
ated with lymphoproliferative disorders and occasionally with
autoimmune or neoplastic diseases (2, 7-11) and that patients
with type I AAE have autoantibodies to C1 INH (12-17). Af-
ter examination, we failed to detect any underlying diseases
including lymphoproliferative disorders and subsequently the
presence of autoantibodies in the serum of the patient was ex-
amined by ELISA. Figure 2 shows that the serum included
antibodies reactive to purified C1 INH belonging to both IgM

Intecral Medicine Vol. 41, No. § (May 2002)

Table 1. Complement Profile of the Patient and Its Change by

Danazel Therapy

Serum activity or concentration |
Pre-treatment  Post-treatrment

C1 INH activity (80-125%) 50 145

C1 INH amount {12-23 mg/dl) 13 21

Clq (3.8-15.3 mg/dl) <2.0 12

C2 (1.6-3.6 mg/dl) 23 2.8

C3 (86-160 mg/dly 128 100

C4 (1745 mg/dl) 13 30

CHS0 (25-46 Ufml) <10 46

and IgG class but not to IgA class. However, there was no de-
tectable level of antibodies to C1 INH from the three controls.
Although the neutralizing activity of these antibodies was not
checked, this result strongly suggested that this patient had type
11 AAE.

After admission, the patient developed swelling of the up-
per and lower limbs. The complement profile of the patient
showed decreased activity of CH50 (less than 10 U/ml) and
decreased concentration of C4 (§ mg/dl) but the serum level of
C3 remained at a normal level (97 mg/dl). Then, for the pro-
phylaxis the patient began to receive therapy with danazol 200
mg/day and continued to receive danazol for more than 4
months without adverse effects. During that period, there were
no episodes of angioedema. The change in the complement
profile of the patient is shown in Fig. 3. One week after the
treatment, the activity of C1 INH was elevated to the normal
level that was accompanied by normalization of the C4 con-
centration and CH50 activity. However, serum concentrations
of C3 remained unchanged irrespective of treatment. Table 1
demonstrates the change in complement levels before and 3
weeks after danazol therapy. Again, the serum concentrations
of Clq and C4 and the activity of CH50 recovered to the nor-
mal range. The C1 INH functional activity was also elevated
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Figure 2. Detection of autoantibodies to C1 INH by ELISA. Serial dilutions of serum from the patient and three controls were

added to ELISA microplates that had been coated with C1 INH, as described in Methods. ) <
Angioedema
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Figure 3. Ameliorative effect of danazol therapy on the complement parameters. Serum concentrations of C3 and C4
and functional activities of CH50 and C1 INH were measured.

from 50 to 145% and its concentration was substantially in-
creased from 13 to 21 mg/dl. Finally, whether the danazol treat-
ment affected the serum titer of autoantibodies to C1 INH was
checked by ELISA, as shown in Fig. 4. The titer of IgM or
IgG-class antibodies that bound to C1 INH was similar in se-
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" rum. Thus this ameliorative effect of danazol on the comple-

ment levels was not considered to be due to the inhibition of
synthesis of autoantibodies but rather due to the increased syn-
thesis of the C1 INH.
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Figure 4. ELISA revealed no alteration in the titer of autoantibodies to C1 INH after danazol treatment.

Discussion

Here, we report one case of the acquired form of angioedema
and describe the effectiveness of danazol therapy on the clini-
cal symptoms and on the parameters of the complement. The
diagnosis was based on adult onset angioedema, lack of family
history, decreased activity of CH50 and C1 INH and depressed
concentrations of Clq and C4. Since the protein concentration
of C1 INH was not decreased and there were autoantibodies
binding to C1 INH, this case was strongly suggested to be au-
toimmune acquired angioedema, type IT AAE. Danazol treat-
ment led to an inhibition of attacks of angicedema for four
months and an increase in Cl INH activity, resulting in the
normalization of CH50, C4 and Clq. This treatment failed to
suppress the titer of autoantibodies of IgM and [gG class to C1
INH but increased the C1 INH concentration, suggesting that
the ameliorative effect of danazol was due to its enhancement
of the synthesis of C1 INH.

C1 INH is a member of the serpin family of protease inhibi-
tors with a molecular weight of a 105 kd (4, 18). It inactivates
Clr and Cls components of the complement system and en-
zymes of coagulation (factor XlIa, XIla and XIIf), fibrinolytic
(plasmin) and kinin systems (kallikrein), thus playing an in-
hibitory role on the inflammatory response (4). The deficiency
of this enzyme was due to the genetic defects or acquired de-
fects. Hereditary forms of angioedema (HAE) are classified
into two forms, depending on the C1 INH protein and function
levels in serum (2). In type I HAE, both levels are decreased
by impaired synthesis and an increased catabolic rate. In type
ITHAE, the C1 INH activity is defective but the serum concen-
tration of C1 INH remains normal. The molecular basis of these
defects was recently charactenized (19). As a distinct entity dif-
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fering from HAE, the acquired form of angioedema (AAE)
was described (2). AAE primarily affects adult patients with
no family history for the disease. It is generally accepted that
measurement of the serum Clq level can distinguish AAE from
HAE; a normal level of Clq in HAE and a decreased level of
Clq in AAE. Indeed the patient showed a depressed concen-
tration of Clg. AAE is now considered classified into two types;
type I and type I (2). In type 1 AAE mainly associated with
lymphoproliferative disorders or other conditions, large num-
bers of idiotype-anti-idiotype immune complexes consume the
available Clq molecules, resulting in consumption of C1 INH
(2, 7-11). In type I AAE, there are autoantibodies directed
against C1 INH, leading to functional inhibition of this en-
zyme (12-17). The molecular mechanism through which au-
toantibodies interfere with C1 INH function was recently char-
acterized (20-22). The autoantibodies mainly bind to C1 INH
amino acid residues 438449 and 448459 and prevent the for-
mation of the C1s-C1 INH complex. Thus in the latter case, it
has been shown that the C1 INH protein level is not decreased.
The profile of the patient showed a decreased concentration of
Clq, and C4 and a decreased activity of C1 INH and CHS50,
and a normal protein level of C1 INH, suggesting the patient
had type Il AAE. The presence of autoantibodies of IgM and
IgG class binding to C1 INH confirms the diagnosis, although
we have not examined their neutralizing activity. Type Il AAE
is a rare disorder and the worldwide incidence of type I AAE
reported to date is less than 100 cases (12-17, 23-28). To our
knowledge, this is the first case of type I AAE in Japan, al-
though two cases of AAE have been reported in the literature
(29, 30).

Although the vasopermeability mediator responsible for at-
tacks in C1 INH deficient patients is still undefined, the role of
bradykinins and a kinin-like peptide derived from the C2 (C2
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kinin) as mediators of angioedema in this disorder has been
debated for years, This vasoactive peptide comes from the cleav-
age of high molecular weight kininogen {HK) by kallikrein
during contact system activation. Plasmin, the main compo-
nent of the fibrinolytic system, can also cleave HK, increasing
its susceptibility to kallikrein action. In AAE patients, since
the contact and fibrinolytic-systems are already activated in
basal conditions, such a hyperfibrinolytic state could be the
target for the activity of antifibrinolytic agents as tranexamic
acid that have been proved to be effective in patients with AAE
(28).

According to the recent review (2), the most common treat-
ment for the mapagement of angioedema episodes is andro-
genic steroids. Androgens are effective in suppressing the fre-
quency and severity of attacks (31). The mechanism of action
appears to be related to the increased production of C1 INH. In
view of the pathogenesis of type IT AAE, immunosuppressive
therapy, such as corticosteroids, aimed at decreasing the level
of the autoantibody will be of clinical use. But we chose at-
tenuated androgen therapy tn consideration of the side effects
of corticosteroids and less severe symptoms (lack of laryngeal
angioedema) in this case. We confirmed the effectiveness of
danazol in this patient. Four months after the initiation of the
therapy, there was no episode of angioedema. In addition, the
profile of the complement system was normalized. Although it
seems likely that the increased production of C1 INH by danazol
treatment leads to enhancement of the synthesis of autoanti-
bodies to C1 INH, as the titer of autoantibodies has remained
unchanged so far. It will be essential however, to follow-up
this patient over a long period of care and to monitor the clini-
cal symptoms, complement levels and the titer of autoantibod-
jes to C1 INH.
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A Mixed Green Vegetable and Fruit Beverage Decreased the
Serum Level of Low-Density Lipoprotein Cholesterol in
Hypercholesterolemic Patients
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The effects of a canned mixed green vegetable and fruit beverage, containing broccoli (Brassica
oleracea L. var, botrytis L) and cabbage (Brassica oleracea L. var. capitata L.} as main materials,
on serum lipid levels in hypercholesterolemic patients were investigated. Thirty-one adult subjects
were administered two cans of the beverage (160 g/can) per day for 3 weeks. Their serum total
cholesterol (TC) levels significantly decreased from 6.7 + 0.8 to 6.1 & 0.6 mmol/L,, and, more strikingly,
the level of low-density lipoprotein cholesterol {LDL-C) significantly decreased from 4.4 + 0.8 to 3.8
+ 0.7 mmol/L. At 9 weeks after the cessation of the administration, these levels had returned to the
preadministration levels. Furthermore, 14 other subjects who were administered one can of the sample
for 12 weeks also showed a significant reduction in the levels of serum TC and LDL-C. Thus, daily
consumption of this mixed green vegetable and fruit beverage may be useful in Iowenng serum TC
and LDL-C levels in hypercholesterclemic patients.

KEYWORDS: Mixed green vegetable and fruit beverage; broccoli (Brassica oleracea L. var. botrytis L.);
cabbage (Brassica oleracea L. var. capitata L); hypercholesterolemia; cholesterol-lowering effect; humans

INTRODUCTION

Although the onset and aggravation of hyperlipidemia are
related to genetic factors, environmental factors, especially
eating habits, have a strong influence on the disease. Hyper-
cholesterolemia is considered to lead to atherosclerosis; the
normalization of serum levels of low-density lipoprotein
cholesterol (LDL-C) through diet therapy or administration of
drugs decreases the incidence of coronary heart disease (CHD)
(1, 2). The clinical approach to primary prevention of CHD calls
for lifestyle changes, including (1) reduced intakes of saturated
fat and cholesterol, (2) increased physical activity, and (3)
weight control (2).

The effects of food intake on the body’s physiological
functions are attracting considerable attention. Fruits and
vegetables contain constituents, notably vitamins, minerals,
and dietary fiber, essential to a healthy, well-balanced diet.
Furthermore, it has been shown that some of the secondary

* Author to whom correspondence should be addressed (telephone +81-
T26-82-5542: fax +81-726-81-8202; e-mail suidou@po.iijnet.or.jp).

T Sunstar Enc.

¥ Osaka University Medical School.

§ Okayama Prefectural University.

* Hyogo College of Medicine.

metabolites of fruits and vegetables, such as flavonoids and
carotenoids, are beneficial to health in directly combating the
onset of cancer and CHD (3, 4). Thus, a diet rich in vegetables
and fruits may provide protection against cardiovascular disease,
several common cancers, and other chronic diseases (5).

The hypocholesterolemic effects of vegetables and fruit and
their constituents have been examined in some detail. Isolated
dietary fibers from vegetable and fruit sources, especially
pectins, have been shown to have hypocholesterolemic action
in humans (6, 7). The addition of fiber-containing foods to
experimental diets also lowers plasma cholesterol to varying
degrees (8—10).

In our previous studies (submitted) we have found that
broccoli and its water extract significantly suppressed the
increase of serum cholesterol levels in cholesterol-fed rats, and
the hypocholesterolemic activity of broccoli was comparable
to that of isolated soy protein (/7). Also, we have been
developing easier methods for serving daily for a long period a
fixed amount of certain types of green vegetables and fruits,
which may have beneficial health effects on human bodies. By
examining the influence of the edible plant beverage on 20
healthy human volunteers in our preliminary study, we found
that oral administration daily for 3 weeks of two cans (160

10.1021/f0116698 CCC: $22.00 © 2002 American Chemical Society
Published on Web 04/27/2002



Mixed Green Vegetable Beverage for Hypercholesterolemia

Table 1. Energy and Known Nutrient Contents in One Can of Test
Beverage?

energy and nutient  amount energy and nutrient amount
energy, kJ 222 Mg, mg 139
protein, g 1.0 n,mg 0.3%5
fat,g 0.32 Cu, mg 0.073
nonfibrous 13 vitamin A efficacy, I 8
carhohydrate, g B-carctene, mg 0.133
dietary fiber, g 1.3 vitamin B4, mg 0.03
cholesterol, mg 0 vitamin 85, mg 0.05
Na, mg 35 niacin, mg 0.26
K, mg 326 vitamin C, mg 73
Ca,mg 322 vitamin D, mg 0
P, mg 247 vitamin E efficacy, mg 048
Fe,mg 0.24 SMCS, mg 20

#0ne can of the test beverage contained 160 g. ® SMCS, S-methylcysteine
sulfoxide.

g/can) of a mixed green vegetable and fruit beverage, containing
broccoli (Brassica oleracea L. var. botrytis L.) and cabbage
(Brassica oleracea L. var. capitata L.) as main materials,
significantly decreased the serum level of LDL-C in these
subjects from 2.9 & 0.7 to 2.5 £ 0.7 mmol/L. (14% decrease)
{12). However, there were only three volunteers whose serum
levels of total cholesterol {TC) were > 6.2 mmol/L included in
the study, Thus, in the present study, the effects of the mixed
green vegetable and fruit beverage on serum lipid levels in
hypercholesterolemic patients whose TC levels were >6.2
mmol/L were investigated.

MATERIALS AND METHODS

Test Beverage. The beverage used in the test is a canned mixed
green vegetable and fruit beverage containing a blend of green
vegetables and fruits, which are broccoli, cabbage, celery (Apium
graveolens L.), lettuce (Lacutuca sativa 1.}, spinach (Spinacia oleracea
L.), parsley (Petroselinum crispum), komatsuna (Brassica campestris
L. var. komatsuna), leaves of Japanese radish (Raphanus sativus L.
var. acanthiformis Makino), apples (Malus pumila Miller), and lemons
(Citrus limon Burmann fil.). The beverage was prepared by Sunstar
Inc. (Osaka, Japan), briefly described as follows. Broceoli and cabbage,
other vegetables, and fruit (juice or puree) were mixed together in the
ratio 36:19:45 and poured into cans, The cans were sealed, heated to
97 °C, and immediately cooled to room temperature, Table 1 shows
the nutrients contained in cne can (160 g contents). The nutrient contents
were analyzed according to Analyrical Manual of Standard Tables of
Food Composition in Japan (13). S-Methylcysteine sulfoxide (SMCS)
was determined by means of HPLC methods (14,

Subjects. Forty-five subjects aged 22—59 years with hypercholes-
terolemia (> 6.2 mmol/L of serurn TC) were studied after giving their
informed consent. The participants had no episodes of ischemic heart
disease and did not receive any drug treatment, The patients were
randomly divided into two separate study groups.

Study Design. In the first study (study A), 31 patients (20 males
and 11 females, average age = 43.3 £ 10.9 years) were administered
two cans of the test beverage per day in addition to their regular meals
for a period of 3 weeks. The patients were asked to try not to change
their lifestyles including eating and exercise habits during the testing
period. A fasting blood sample was taken from each patient 12 weeks
prior to and just before administration as baselines. and samples were
taken again 3 weeks after the start of administration and 9 weeks after
the cessation of administration.

In the second study (study B). 14 patienis (8 males and 6 females,
average age = 45.9 % 11.1 years) were administered one can of the
beverage per day for 12 weeks. A fasting blood sample was taken from
each subject just before administration as baseline and a sample was
obtained on the last day of the 12-week test period.

These two studies were approved by the institutional ethical
committee according to the Helsinki Declaration.
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Figure 1. Serum lipid levels in patients who were administered two cans
per day of the mixed green vegetable and fruit beverage for 3 weeks
(study A): TC, total cholesterol, LDL-C, LDL cholesterol; HLD-C, HD
cholesterol; TG, triglyceride. The serum lipid levels were measured at 12
weeks and Just before administration, after 3 weeks of administration,
and § weeks after the cessation of administration. Values shown are means
* 8D, n = 31. An amow («~) shows the administrafion period. *, **:
Significantly differert by ANOVA and post-hoc comparison (Scheffe
method) with p < 0.06 and p < 0.01, respectively,

Examination Categories and Method Used. In study A, a
questionnaire was filled out by all study patients regarding food intake
(13), exercise, sleeping patterns, and tobacco and alcohol consumption
1 week before administration and at the last week of the administration
period. A physician conducted a medical examination on each patient
at the time of the blood sampling, measuring weight and blood pressute.
Clinical testing on the blood samples, including TC, high-density
lipoprotein cholesterol (HDL-C), and triglyceride (TG), was carried
out at Ikagaku Co. (Kyoto, Japan). The serum levels of TC, HDL-C,
and TG were enzymatically assayed with commercially available kits,
L-type Wako cholesterol (Wako Pure Chemical Industries Ltd., Osaka,
Japan) (16}, Determiner-1. HDL-C (Kyowa Medex Co. Ltd., Tokyo,
Japan} (17), and Auto L (Mizuho) TG-FR. (Mizuho Medy Co. Ltd.,
Saga, Japan) (18), respectively. The serum LDL-C levels were
calculated using the Friedewald formula (LDL-C = TC — HDL-C —
TG/5) (19).

Statistical Analyses. Values are expressed as the means =+ standard
deviation (SD). A paired ¢ test or an analysis of variance (ANOVA)
and post-hoc comparison were conducted for the data, as appropriate,
Statistical significance was considered at p < 0.05.

RESULTS

Figure 1 shows the change in serum lipid levels in study A.
TC values significantly changed from 6.7 + 0.8 mmol/L, at
baseline (0 week) to 6.1 £ 0.6 mmol/L (9% decrease) after 3
weeks of the administration of two cans of the test beverage
per day, while LDL-C values significantly changed from
44 + 0810 3.8 £ 0.7 mmol/L (13% decrease). At 9 weeks
after the cessation of the administration, TC levels increased to
6.5 + 0.7 mmol/L and LDL-C levels also returned to 4.3 + 0.7
mmol/L, which were not significantly different from the
preadministration levels. No significant change was observed
in the levels of HDL-C (from 1.5 &= 0.5 t0 1.6 & 0.5 mmol/L)
and TG (from 1.8 + 1.3 to 1.6 = 0.8 mmol/L) during the course
of the study.
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Table 2. Body Weights, Body Mass Index, and Nutrient Intakes in
Study A Patients before and during Administration Periods®?

before during
bocdy weight, kg 585+ 11.2 585+11.0
BMc 22131 21+30
energy, MJ 84131 7721
protein, g 69.9+215 66.0+18.9
fat,g 453+ 140 418+ 1.3
cholesterol, mg 231486 25+74
nonfibrous carbohydrate, g 300+ 148 27383
dietary fiber, g 92+32 1.2£33
potassium, g 1.7+£06 23+06

#Values are means * SD, n = 31. *Energy and nuirient intakes per day
including the test beverage were calculated from 7-day food intake records at 1
week before administration {before) and at the last week of the administration
period (during). ¢ BMI, body mass index.
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Figure 2. Serum lipid levels in patients who were administered one can
per day of the mixed green vegetable and fruit beverage for 12 weeks
(study B): TC, total cholesterol; LDL-C, LDL cholesterol; HDL-C, HOL
cholesterol; TG, triglyceride. The serum lipid levels were measured just
before administration and after 12 weeks of administration. Values shown
are means = 8D, n = 14. An arrow (=) shows the administration period.
**; Significantly different by paired ¢ test with p < 0.01.

Body weight, body mass index (BMI), and daily nutrient
intakes including the test beverage before and during admin-
istration periods, determined using a questionnaire in study A,
are shown in Table 2. There were no siganificant differences in
body weight or BMI before versus during the administration
periods. Examination of nutrient intakes showed significant
increases in intakes of dietary fibers (~2 g/day) and potassium
{~0.6 g/day) during the administration period. Thete were no
significant differences in other nutrients.

Figure 2 shows the serum lipid levels before and after
administration of one can of the test beverage per day for 12
weeks in study B. TC values changed significantly from 6.5 +
0.3 10 5.9 + 0.4 mmol/L after the administration (10% decrease),
while LDL-C values changed significantly from 4.3 & 0.4 to
3.7 + 0.4 mmol/L (14% decrease). No significant change was
observed for HDL-C {from 1.6 + 0.4 to 1.7 £ 0.3 mmol/L) or
TG (from 1.3 & 0.7 to 1.2 £ 0.7 mmol/L).

In addition to serum lipids, blood laboratory tests before and
after the study revealed no significant changes in the number
of peripheral blood cells and biochemical values, as well as
blood pressure, with all measurements being within normal
ranges. No subjective symptoms or abnormal physical observa-
tions were witnessed at the conclusion of the study.

Suido et al.

With regard to compliance measured by administration
records, 71% of the subjects in studies A and B completely
drank all of the assigned samples, and the rest of them forgot
to drink at most 3 cans of the samples during the administration
period. Ninety-seven percent of the assigned samples were drunk
on the average. No patients dropped out during the test periods.

DISCUSSION

Vegetables, fruits, and their constituents are potent effectors
of biological systems in humans (5). The cholesterol-lowering
effects of vegetables, fruits, and their constituents have been
examined in detail. Daily doses of these food agents that showed
cholesterol-lowering effects in humans have been reported as
follows: a variety of vegetables (570 g/day) and fresh apples
(600 g/day), fresh carrots (200 g/day), apples (350—400 g/day),
guava fruit (0.5—1 kg/day), garlic (10—20 g/day), and a low
saturated fat diet combined with a vegetable (soy) protein (33
gfday) and a high soluble fiber (18 g/day) (35, 20).

The U.S. Food and Drug Administration recommends includ-
ing four servings of at least 6.25 g each (25 g/day) of soy protein
into a diet low in saturated fat and cholesterol to reduce the
risk of heart disease. A meta-analysis found that soy protein
consumption achieved an average 9.3% decrease in TC and a
12.9% decrease in LDL-C (21).

In study A, we have concluded through a test on subjects
with hypercholesterolemia that serum TC and LDL-C levels
were significantly reduced (9 and 13%, respectively) by drinking
two cans (320 g) of the mixed green vegetable and fruit beverage
every day for 3 weeks. These lipid levels returned to baseline
within 9 weeks after cessation of the administration of the test
beverage. In study B, we have also shown that serum TC and
LDL-C levels were significantly reduced (10 and 14%, respec-
tively) by drinking 1 can (160 g) of the test beverage every day
for 12 weeks. The reduction rates in TC and LDL-C levels by
drinking the test beverage are almost equal to those by soy
protein consumption described above.

The cholesterol responses to the two doses of the supple-
mental beverage tested in this study were similar. The similar
clinical effects in these separate studies imply that the mech-
anism contributing to the hypocholesterolemic effect is saturable
or the length of the intervention is contributing in part to the
response.

On the other hand, there was no significant change in serum
TG or HDL-C levels in either study. Thus, the serum lipid
lowering effect of the test sample on TC level was due to that
on the LDL-C level, leading to a decrease in the atherogenic
index (TC/HDL-C ratio) (22—24).

It is not clear in this study which constituents in the mixed
green vegetable and fruit beverage showed hypocholesterolemic
action. Generally, the effects of vegetables and fruits on
cholesterol metabolism are attributed to their fiber content.
Isolated dietary fibers from these plants, such as pectins (£2—
50 gifday) (25—27), guar gum (10—20 g/day) (6, 28, 29), and
psyllium (6—15 g/day) (30, 31), have been shown to lower
cholesterol] levels in humans. The mechanisms for the cholesterol-
lowering in humans remain unclear. Results from in vitro and
animal studies that used isolated fibers suggested that the
reductions in cholesterol are probably due to different mecha-
nisms specific to each fiber source and to different dietary fiber
intake amounts {32—34). Possible mechanisms include (1)
increased fecal excretion of bile acids and neutral steroids, (2)
altered ratios of primary to secondary bile acids, (3) increased
fecal excretion of cholesterol and fatty acids, and (4) indirect
effects, such as high-fiber foods replacing fat- and cholesterol-
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containing foods in a diet (35). However, the amount of dietary
fiber (1.3—2.6 g/day) provided by the consumption of one or
two cans of the test beverage is far out of proportion with the
doses (6—50 g/day) of isolated dictary fibers described above
to obtain a significant reduction in serum cholesterol levels in
humans.

As other potent constituents in the test beverage, cabbage
leaf proteins (36) and S-methylcysteine sulfoxide (SMCS) (37,
38) have been shown to have cholesterol-lowering effects on
animals. The total protein content in the beverage is 1 g/160 g.
This protein amount seems to be far less than the daily dose of
soy protein recommended for obtaining a significant reduction
in serum cholesterol levels in humans. On the other hand,
SMCS, a naturally occurring S-containing amino acid, is
contained at high concentrations in Brassica vegetables such
as broccoli and cabbage and Allium vegetables such as onion
(39, 40). The mechanism of SMCS for cholesterol-lowering
effects has been hypothesized to enhance fecal bile acid
excretion and cholesterol 7a-hydroxylase activity, the rate-
limiting enzyme of bile acid biosynthesis, in the microsomal
fraction of the liver (37, 38). Indeed, the test beverage contained
broceoli and cabbage as main materials, and the amount of
SMCS derived from these Brassica vegetables in the beverage
was at least 20 mg/160 g of juice,

Therefore, the dietary fibers and other potent constituents
including SMCS in the beverage might have shown synergistic
effects to lower cholesterol levels. Research on the contribution
of these potent constituents is now being conducted.

In conclusion, we have shown for the first time that the
canned mixed green vegetable and fruit beverage tested
significantly lowered serum TC and LDL-C levels. This kind
of sample made from natural products may become an alterna-
tive way to treat patients with hypercholesterolemia.

ABBREVIATIONS USED

LDL-C, low-density lipoprotein cholesterol; TC, total cho-
lesterol; HDL-C, high-density lipoprotein cholesterol; TG,
triglyceride; BMI, body mass index; SMCS, S-methylcysteine
sulfoxide.
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Efficacy of
Glimepiride for the
Treatment of
Diabetes Occurring
During
Glucocorticoid
Therapy

pproximately 5-25% of patients re-
Aceiving glucocorticoids exhibit

overt diabetes (1). Glucocorticoids
may precipitate diabetes in individuals
with impaired insulin secretion by reduc-
ing insulin sensitivity (2). The relative im-
portance of B-cell dysfunction and insulin
resistance for the pathophysiology of the
glucocorticoid-induced diabetes s not
well defined. Therefore, there is no con-
sensus treatment for glucocorticoid-
induced diabetes. Glimepiride is a
sulfonylurea that lowers blood glucose
levels by stimulating insulin secretion
from pancreatic B-cells and secondarily
by increasing glucose uptake in periph-
eral tissues (3). Such action mechanisms
might be suitable for the treatment of glu-
cocorticoid-induced diabetes. Here we
examined the effects of glimepiride on pa-
tients with newly diagnosed diabetes dur-
ing glucocorticoid therapy.

Three Japanese female patients who
had been taking oral glucocorticoids were
newly diagnosed with diabetes. Patient 1
(aged 68 years) had systemic lupus ery-
thematodes, patient 2 (aged 65 years) had
Behcet's disease, and patient 3 (aged 48
years) had angiolymphoid hyperplasia
with eosinophtlia. They had been initially
given 20-40 mg/day prednisolone. The
dosage of prednisolone was tapered and
maintained at 5-10 mg/day. The status of
these diseases was well controlled with
the glucocorticoid treatment. At 1-2
years after starting the glucocorticoid
therapy, they showed overt diabetes, with
mean fasting blood glucose 12.6 = 0.7
mmol/l and HbA,. 9.5 * 1.5% (means =
SE). Their index for pancreatic B-cell
function (HOMA-%P), as determined by

. '
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the correct homeostasis model assess-
ment evaluation (4), was 27 * 8%, signif-
icantly (P < 0.001) lower than that (72 %
4% [range 44~111%]) in 24 healthy Jap-
anese control subjects (mean age 47 * 2
years) who had normal glucose tolerance
by 75-g oral glucose tolerance test. The
index for insulin sensitivity (HOMA-%S)
(4) was 56 = 15% in the patients, signif-
icantly (P < 0.01) lower than in healthy
control subjects {144 = 10% [81-
273%!). We administered glimepiride to
these patients (1 mg/day for patient 1 and
3 mg/day for patients 2 and 3). The dos-
age of prednisolone was unchanged
throughout the observation period (24
weeks). Fasting blood glucose declined 4
weeks after the glimepiride administra-
tion and was kept below 7 mmol/l until
24 weeks. HbA, _significantly decreased 4
weeks after the treatment, decreasing to
6.7 £ 0.6% after 8 weeks and maintaining
that level until 24 weeks. HOMA-%f and
HOMA-%S increased to the control levels
{76 = 9% and 108 * 54%, respectively) 8
weeks after the treatment, remaining
within the control ranges at 24 weeks
(60 % 3% and 99 = 55%).

In three patients with glucocorticoid-
induced diabetes, HOMA-%pB and
HOMA-%5 were lower than in healthy
control subjects. After the treatmen: with
glimepiride, HOMA-%B and HOMA-%S
increased to control ranges, in association
with remarkable improvement of glyce-
mic controls persisting until 24 weeks.
This is suggested to be attributable to the
dual effects of glimepiride on B-cell func-
tion and insulin sensitivity. It has been
shown that a thiazolidinedione has a po-
tential for the glucocorticoid-induced di-
abetes (5). From our study, glimepiride is
also a strong candidate for the treatment
of the glucocorticoid-induced diabetes.
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Brief communication

Activation of TGF-$/Smad2 signaling is
associated with airway remodeling in

asthma

Hironor Sagara, MD,2 Takanori Okada, MD,* Ko Okumura, MD/P
Hideoki Ogawe, MD,b Chisei Ra, MD,b Takeshi Fukuda, MD,2 and

Atsubito Nakao, MD® Tockigi and Tokyo, Japan

Background: Transforming growth factor f (TGF-B) has been
sugpested to play an important role in the development of air-
way remodcling in asthna; this suggestion is based on evl-
dence that expression Jovels of TGF-§ are correlated with
unigue parameters of airway remodeling, such as thickness of
basement membrane. However, the relevant studics were
inconclusive because they were unablc 1o demonstrate active
signaling mediaied by the cytokine in the airways of asthmatic
individuals.

Objective: We sought to determine whether TGF-B signaling
was actlve in the airways of asthmatic subjects and, if so,
whetber it was correlnted with dinicopathalogic features nso-
clated with the development of sicway remodeling in asthma.
Methods: We exomined the phosphorylation status of Smad2
in bronchial biopsy samples obtained from 40 asthmatic sub-
Jects as a marker of active TGF-P signoling, and we studied its
correlation with busement membrane thickness.

Results: Expression levels of phosphorylated Smad2 in
bronchial biopsy specimens from asthmatic subjects were
higher than those in specimens from normal subjects, and they
were corrclated with basement membrane thickness in asthma.
Conclusion: The findings provide evidence that TGF-p signal-
ing was active In asthmatic airways and that the activity was
associated with the development of airway remodeling in asih-
ma. (J Allergy Clin Immunol 2002;110:249-54.)

Key words: Transforming growth factor §, Smad, asthma, airway
remodeling, subepithelial thickness

Chronic inflammation of the airways and airway tissue
remodeling are the most common histopathologic features
of bronchial asthma.d Airway remodeling is defined by a
collection of chironic structurat changes, including subep-
ithelial fibrosis, myoftbroblast hyperplasia, airway smooth
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mmscle hyperirophy/hyperplasia, smcous gland and goblet |
cell hyperplasia, and epithelial disruption, and it is thought §
to lead to irreversible airway obstruction, which is one of
the factors that makes treatment of asthmatic patients dif-
ficult.2 Among the features of airway remodeling, subep-
ithelial fibrosis that might result in basement membrane
thickening has attracted much attention,? inasmuch as it
has been suggested to be associated with disease severity
and correlaied with a decline of FEV;.4% Although the
prescnce of airway remodeling in asthma is generally
accepted, the cellular and molecular events underlying the
remodeling process are poorly understood.

Previous studies have suggested that a fibrogenic
cytokine, transforming growth factor B1 (TGF-B), might
be a refevant molecule, given that TGF-f was shown to
be expressed in the tissue of asthmatic airways®7 and its
expression level is comelated with basement membrane
thickness and fibroblast number/fund or disease severi-
ty.”:8 Most of the relevant studies evaluated the Ievels of
TGF-B1 expression in asthmatic airways by using
immunohistochemisiry with anti-TGF-f1 antibody or in
situ hybridization with a TGF-Bl probe. However,
becavse TGF-PI is secreted as latent complexes® and
anti-TGF-$1 antibody and because detection of mRNA
with a TGF-f1 probe is not generally able to discriminate
the latent form from the active form (unless one specifi-
cally uses antibody against the active form of TGF-£1),
the actual activity of TGF-P1 in asthsnatic airways and its
association with airway remodeling remain uncertain,

Recent identification of the Smad family of proteins
has advanced our understanding how TGF-B signals
from the membrane to the nuclens,!° The activated TGF-
f recepiors induce phosphorylation of Smad2 and
Smad3, which form hetero-oligomeric complexcs with
Smad4. The complexes then translocate to the nucleus
and regulate transcriptional responses, together with
DNA binding cofactors. Therefore, phosphorylation of
Smad2 (or Smad3) is a key step in the initiation of TGF-
B signal wansduction and serves as an indicator of active
TGF-B signaling.
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FI2 1. Photomnicrographs show scoring for phosphorylated Smad2 staining In bronchial biopsy specimens
from asthmatic and control subjects. Note the basement membrane thickness {arrows) in a sample derived

from a severely asthmatic patient (score 32).

In this study, we examined the expression of phospho-
rylated Smad2 in the airways of asthmatic individuals
and its correlation with basement membrane thickness in
asthma to determine whether TGF-fi signaling was
active in the process of airway remodeling.

METHODS
Subjects

Eight normal control subjects without asthma (mean [+ SE]
age, 43.0 & 3.8 years) and 40 asthmatic subjects (20 with mild
asthina, a mean [z SE] age of 41.4 £ 4.4 years, and a mean {x SE]
FEV, g of 2441 £ 113.8 mL; 16 with moderate asthma, a mean [+
SE] age of 43.0 + 3.8 years, and a mean [+ SE] FEV 5 of 2518 +
174.5 mL; and 4 with severe astbma, a mean [+ SE] age of 54 +
5.0 years, and a mean [+ SE] FEV, o of 1990 + 330.3 mL), as
defined by a combination of asthma symptom grade and frequen-
¢y of symptoms (based on the criteria of the Jepanese Society of
Allergologyll) were studied (Table I). The investigation was
approved by the Ethics Committee of Dokkyo University School
of Medicine, and all subjects gave written informed consent. The
thickness of total basement membrane in each asthmatic subject
and in each control subject was assessed as previously described.
Airway responsiveness was measured as the minimal cumaulative
dose of acetylcheline at which respiratory resistance begaa to
increase during continuous inhalation of acetylcholine in stepwise
incremental concentrations, 12

Bronchial biopsy

Tissue samples of asthmatic patients were taken from subcarina
between the right lower lobe 1nd middle lower lobe bronchi (the ori-

gin of the right B6 bronchus) through use of standard forceps under
fiberoptic bronchoscopic examinition, &s previousty described# Each
biopsy specimen was placed immediately in OCT medium, snap-
frozen in liquid nitrogen, and stored at ~80°C until cryostat sectioning.

Immunohistochemistry

Sections of respiratory mucesa from asthmatic subjects were
gtained with affinity-purified antipbosphorylated Smad2 antibody?
(kindly provided by Drs Peter ten Dijke and Carl-Henrik Heldin,
Ludwig Institute for Cancer Research, Uppsala, Sweden) through
use of ABC kits (Vector Laboratories, Burlingame, Catif) on 3-pm
consecutive serial sections. Bricfly, slides were quenched in 3%
H,0; for 10 minutes to block endogesous peroxidase and then
washed in PBS. Next, sections were incubated with the primary
antibody for 1 hour and then with biotinylated secondary antibody
followed by ABC reagents. Color development was achicved by
incubating diaminobenzidine as a substrate. Slides were countex-
stained with Mayer's hematoxylin. Preincubation of the primary
antibody with specific blocking peptides or substitution of the pri-
mary antibody with an irrelevant IgG served as negative controls.
Phosphorylated Smad2-positive cells were counted in al least 6 high
power fields in each sample by 3 indepeadent cbservers (H.S., T.O.,
and AN.). A minitoum of 500 cells were counted. In each instance,
the percentage of positive cells was caleulated as follows:

no. of positive cefls

total po. of oells 0%

Scoring was as follows: 0, no staining found; 1, staining seen in
0% to 40% of cells; 2, staining seen in 40% to 70% of cells; 3, stain-
ing seen in >70% of cells. The average of the scores of the 3 inves-
tigators for each sample was calculated; these averages were used as
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P<0.01
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25}

Mean+SE

Asthma

Control

FG 2. Higher scoring for phosphorylated Smadz in bronchial biopsy samples from asthmatic subjects than

in samples from normaf subjects.

TABLE L. Characteristics of asthmatic subjects studied

Subjects with asthma

Mild Moderate Severe Haalthy subjects
n 20 16 4 6
Age (yP 41+44 43+38 54550 59 16
Age at onset (y)* 340147 325+51 215+74 572+ 164
FEV) g (mLy* 2241 £ 1138 2518 + 1745 1990 = 330.3 2410 + 690.0
‘Values are means + SEs.

data. Sections used in immenchistochemistry series were stained
with bematoxlyin-eosin.

Data analysis

Data arc summarized as means + SEs. Statistical analysis of the
results was based on the amount of variance; we uscd Fisher's least
significant difference test for multiple comparisons. Relationsbips
‘were estimated through vse of the Spearman rank comelation coef-
ficient (r3). A P value of <.05 was considered significant,

RESULTS

To determine whether TGF-B signaling was active in
the airways of asthmatic individuals, we examined the
phosphorylation status of Smad2 in bronchial biopsy
samples obtained from 40 asthmatic subjects and 6 con-

tro] subjects by immunchistochemistry, Smad?2 is a
downstream effector for TGF-§ and thus serves as indi-
cator of active TGF-P signaling in site.

Bronchial biopsy samples derived from healthy control
subjects showed little immunoreactivity of phosphorylated
Smad2. In conirast, biopsy samples derived from asthunat-
ic subjects showed clearly positive immunoreactivity of
phosphorylated Smad2 in bronchial epithelial cells, fibrob-
Tastlike cells, and vascular endothelial cells, Although sub-
stantial proportions (30%) of infiltrating cells, including
mononuclear cells, also appeared to be positively stained,
accurate quantification (scoring) of the staining was diffi-
cult because of their scaticred presence. We confirmed that
the immunoreactivity was efficiently blocked by a 10-fold
excess of the phosphorylated Smad2 peptide used to pro-
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We then examined the relationships between the
scoring and clinicopathologic features associated with
airway remodeling. As shown in Fig 3, A, the scoring
of phosphorylated Smad2 was significantly correlated
with basement membrane thickness in asthmatic sub-
jects. Interestingly, phosphiorylated Smad2 scoring was
also correlated with airway hypersensitivity to acetyl-
choline in asthmatic subjects (Fig 3, B). These findings
indicate that TGF-P signaling was active in asthmatic
airways, and the activity was associated with the
degree of atrway remodeling and airway hyperrespon-
stveness in asthma.

DISCUSSION

In this study, we showed that expression levels of
phosphorylated Smad2 in bronchia! biopsy samples were
clearly correlated with basement membrane thickness
and airway hypersensitivity to acetylcholine in asthmatic
individuals. The findings snggest that TGF-P signaling
was aclive in asthmatic airways, and the activity was
associated with the extent of airway remodeling and air-
way hyperresponsiveness in asthma.

Immunoreactivity of phosphorylated Smad2 in
bronchial samples derived from healthy control subjects
was weak or very weak in contrast to that in samples
derived from asthmatic subjects. In previous stdies it had
been reported that TGF-f1 was expressed in bronchial
biopsy specimens or bronchoalveolar lavage flnid in not-
mal subjects as well as in asthmatic subjects. 1415 Our find-
ings thus suggest that though TGF-B1 was expressed in the
airways of normal subjects, it might not be the active form
of TGF-f1 and did not mediate signaling in situ. Inflam-
mation is a factor in conversion of the latent form of TGF-
BI to the active form® and might thus contribute to activa-
tion of TGF-PB1 at the site of asthmatic airways,

We found that immunoreactivity of phosphorylated
Smad2 was similar in mild, moderate, and severe asthma
for differemt cell types—bronchial epithelial cells,
fibroblastlike cells, and endothelial cells. This was con-
sistent with recent findings by Rosendaht et all6 in a
mirine modet of asthma. They showed that expression of
phosphorylated Smad2 in bronchial epithelial cells,
fibroblasts, endothelial cells, and inflammatory cells was
dramatically induced by inhalation of ovalbumin in the
airways of ovalbumin-sensitized Balb/c mice. Little
expression of phosphorylated Smad2 was observed with-
out the inhaled challenge. Thus, TGF-§ signating might
become active in almost all residential and inflammatory
cells in the airways on allergen challenge and subsequent
airway inflammation in asthma.

TGE-B affects functions of airway residential cells,
such as bronchial epithelial cells, lung fibroblasts, and
smooth muscle cells, and it might contribute to several
features of airway remodeling, including subepithelial
fibrosis and smooth muscle cell hyperplasia.2 Our resulls
suggest that active TGF-§ signaling indeed occurs in
these cell types, though activity of TGF-f signaling in
smooth muscle cells remains unknown.
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It is not yet clear whether TGE-§ signaling was active
in infiltrating cells in our study (in contrast to what was
seen in a study involving an acete model of asthma con-
ducted by Rosendahl et all6). Substantial fractions of
infiltrating cells appeared to show positive immunoreac-
tivity for phosphorylated Smiad2, but most of the cells
appeared to show negative staining. TGF-B inhibits
immune cell functions in general; we thus speculate that
inflammatory cells might express inhibitory molecules
for TGF-P signaling and escape from the suppression by
TGF-§ in sitv. Abnormal expression of Smad7 (an intra-
cellular antagonist of TGE-B signaling) in the mucosa in
inflammatory bowel disease was recently reported; this
might result in the deterioration of TGF-B signaling 17

In summary, we have provided evidence that TGF- | -

signaling was active in respiratory mucosa in asthmatic
paticnts and that the activity correlated well with base- |-
ment membrane thickness, a feature of airway remodel- §:
ing. To our knowledge, this is the first description of

intracellutar molecular events underlying the remodeling -

process in asthma. Smad2 might become a therapeutic |-
target for airway remodeling in asthma,

We thank Drs Hiroko Ushio, Keiko Maeda, Chiharu Nishiyama,
Toshiro Tekai, and Yutaka Kanoman: for support.
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Smad7: a new key player in TGF-B-associated disease
Atsuhito Nakao, Ko Okumura and Hideoki Ogawa

Smad7 is a major inhibitory regulator of
transforming growth factor (TG
signating. Smad7 expression is induced by
TGF-fitself and other sighaling pathways,
indicating a key role for Smad7 in
feedback or cross-tatk control of TGF-f
signaling. Recent reports have implicated
Smad7 as a erucial regulator of TGF-$
activityin human disease; abemrant
expression of Smad7 isinvalved in
inflammatory bowel disease and
scleroderma. Thus, modulation of Smad7
expression could provide a novel therapeutic
basis for TGF-f-associated disorders.

Published online: 27 June 2002

TGF-p is a multifunctional cytokire,
capable of regulating the growth,
differentiation and apoptosis of virtually
all cell types, and has been implicated in
numercus disease states including
atherosclerosis, immune-mediated
diseases, fibrotic diseases, anglogenic
diseases and cancer [1]. In general,
abnormal production of TGF-Bor
genetlc mutations In TGF- signaling
components, resulting in dysregutation
of TGF-B activity, have been linked to
disease states. Now, a new example of
dysregulated TGF-f signaling associated
with disease states has been revealed by
two publicatlons showing that aberrant
expression of Smad7, an intracellular
regulator of TGF-f signaling, resulting
in uncontrotled TGF-B activity, is involved
in the pathology of inflammatory bowel
disease (IBD) and sclerosis [2,3].
Regulation of Smad7 expression is thus
critical for balanced TGF-§ activity, and
dysregulated Smad?7 activity can lead to
the development of TGF-B-associated
hurnan disease in certain cases.

Smad7 is a major inhibitory regulator for
TGF-f/Smad signaling

The identification of Smad proteins

has advanced our understanding

of how TGF-fi signals from the membrane
to the nucleus [4]. The activated TGF-§
receptors phosphorylate Smad2 and
Smad3, which form heterameric

complex with Smad4 and enter the

nucleus, bind to DNA in a sequence-specific
manner, and regulate gene transcription
in cooperation with various transcriptional
factors and coactivators and/or
COrepressors.

Recent studies have identified
several molecules that control the signal
transduction of TGF-§, thereby regulating
TGF-B activity {4-6]. Smad7 is one of these
molecules and inhibits TGF-B-induced
transcriptional responses [7-9]. Smad7
associates with the activated TGF-p
receptor and interferes with the activation
of Smad? and Smad3 by preventing their
receptor interaction and phosphorylation.

In addition, Smad7 Interacts witha group
of ublquitin ligases, termed Smurf [5].
After recruitment of the Smad7-Smurf1
complex to the activated TGF-P receptors,
Smurfl induces their degradation
through proteasemal and lysosomal
pathways. Thus, the expression level of
Smady7 is a major deterrninant for TGF-§
transcriptional responses, which could
regulate intensity and/or duration of
TGF-§ signals.

The mechanisms that regulate the
expression of Smad7 are not fully

-understood. Smad7 expression is strangly

and rapidly induced by TGF-B itself [9),

IFN-ATNF-c
receplors

TGF-p

p TGF-B receptors

l Degradation

Cell membrane

Inhibition of
phosphorylation

P-Smad2/3

Transeription of the Srmd? geno

TRENDS in Molecular Madicine

Flg. 1. Smad7 Is an inhibitory regulator in feedback or cross-talk control of transforming growth factor (TGF)-§
signal transduction. TGF receptors consist of type | and type il receptors with intrinsic serinefthracnine kinase

activity. Activated TGFp receptors phosphorylate Smad2 and Smad3, keading to hetero-oligomeric complaxes with
Smad4. The complexes then transiocate 1o the nucieus, where they regulate the transcription of larget genes
including the Smad7 gane, Smad7 associates withthe activated type | receptor and interferes withthe activation of
Smad2 and Smad3 by competing with thelr receptor interaction, In addition, Smad7 interacts with ubigultin ligases,
termed Smurt, and binds to the activated TGF-fi receptors, inducing degradation of the receptors, through
proteasornaland lysosormal pathways. Other signaling pathways, such as interferon {IFN)-gtumor necrosis factor
(TNP-u pathways, are reportad to induce Smad? expression in certaln cell typas. Thus, the expression levelof
Smad{ is a major determinart for TGF- transcriptionat responses. Abbreviations: NF-xB, nuclear factor x8;

SBE, Smad binding alement.

hitp:fitmm.trends.com  1471-4214/021% ~see front matter © 2002 Elsevier Scienca Lid. All rights reserved, PIL: S1471-4914(02)02376-6
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Enhanced TGF-§ signaling

Augmented fibrotic responses
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Fig. 2, Effact of sherrant expression of Smad? inthe
irtestina! lesions of inflammatory bowel disesse (IBD)
or skin lesions of sclerodarma. Transforming growth
factor (TGF)-B has two properties in inflammstion:
arti-inflammatory and pro-fibrotic. Aberant Smad?
expression occurs at tha target sites of IBD or
sleroderma by as yet undefined mechanisms.

The increased or decreased Smad? expression in
iBD of stieroderma, respectivatly, leads to decreased
or increased activity of a major signal transducing
Smad, Smad3, respectively, and then suppresses or
aenhances TGF-f signaling, respectively. As a
consequence, aberrant TGR} activity resuits in
suswained inflammation in 1BD or enhanced fibrotic
rasponsas in sclerosls.

and the promeoter region of the Smad?
gene contains a consensus Smad3-Smad4
binding element (SBE), 2 palindromic
sequence of GTCTAGAC, towhich the
Smad3-Smad4 complex binds [10-12].
Efficient expression of Smad7 appears to
require cooperation of Smad, Spl, and
AP-1 transeription factors {13].

However, in some cell types, Smad7
expression is induced by other signaling
pathways, for example, by the Jak1/Statl
pathway following stimulation with IFN-y
[14], by activated nuclear factor (NF)-xB
following stimulation with tumer necrosis
factor (TNF)-a {15), and by fluid shear
stress acting on endothelial cells [8].

How Srnad7 expression is differentiaily
regulated dependert oncell type remains to
be determined. In any case, the resulting
surge in Smad7 expression levels interferes
with activation of Smad? and Smad3 or
accelerates degradation of TGF-Breceptors,
inhibiting TGF-f/Smad signaling, Thus,
Smad7 has a potential central role as an
effector in an autoregulatory feedback

loop in TGF-f¥Smad signalingand as a
mediator of inhibitory signaling cross-talk
between various pathways and the
TGF-f-Smad pathway Fig. 1).

hetpditmm.trends.cot

Aberrant expressicn of Smad7 impairs
efficient TGF-$ signaling in IBD and
scleroderma

Recent studies have implicated Smad7
as an important molecule for regulating
TGF-f activity inhuman disease (Fig. 2).
Monteleone et al reported that Smad?
was overexpressed in IBD mucosa

and purified mucosal T cells [2]. Both
whole tissue and isolated cells exhibited
defective TGF-B signaling as measured
by phospho-Smad3 immunoreactivity.
Importantly, antisense oligonuclectides
for Smad7 restored TGF-f signaling and
enabled TGF-B te inhibit pro-inflammatory
cytokine production such as interferon
(IFN)-yand TNF-a in cells isolated from
IBD patients and also in inflamed tissue
explants from patients with Crohn’s
disease. Thus, Smad7 blockade of
TGF-B signaling helps maintain the
chronic production of pro-inflammatory
cytokines that drives the inflammatory
process inIBD.

In a separate study, Dong et al.
reported deficlent Smad7 expressionin
the skin lesions of scleroderma {3]. TGF-f
induces fibroblast growth and stimulates
the synthesis of extracellular-matrix
proteins inciuding collagen. It hasbeen
shown that fibroblasts from skin Iesion of
patients with scleroderma show enhanced
responses to TGF-§ [16]. Dong et al showed
that basal level and TGF-B-inducible
expression of Smad7 were selectively
decreased both in scleroderma skin and
in explanted scleroderma fibroblasts in
culture. They also showed enhanced
TGF-§ signaling in scleroderma skin as
Judged by increased phospho-Smad3
immunoreactivity. Importantly, in vitro
adenoviral gene transfer of Smad7

restored normal TGF-§ signaling in
scleroderma fibroblasts. Thus, inthe case
of scleroderma, suppression of Smad7
expression appeared to beakey to enhanced
responses to TGF-B infibroblasts and
development of the sclerotic skin lestons.

In both reports, it remains unclear how
aberrant expression of Smad7 occurs at
the site of the diseases. It is possible that
pro-inflammatory cytokines such as IFN-y
and TNF-¢, usually elevated in IBD tissue
[2], upregulate Smad7 expression, but
this has not been demonstrated. Because
little is known about the negative
transcriptional regulation of the Smad7
gene, how Smad7 expression decreases in
scleroderma skin remains unexplained
at the moment. Most recenitly, another
example of the effect of decreased Smad7
expression was shownby Wangetal ina
cardiac infarctionmodel inrats {17]. Thus,
positive and negative regulation of
Smad7 expresston needs to be thoroughly
investigated in future studies.

TGF-§ has been shown to effectively
suppress inflammation fn several animal
models including IBD [18,19], which could
be in contrast to the human study [2].

In general, animal studies deal with
acute models of inflammation. It might
therefore require a chronic inflammatory
state to impair regulatory mechanisms
of Smad? expression and to cause
abnormal responses to TGF-f observed
inhuman IBD [2]. It is possible that
persistent production of TGF-B or
pro-inflammatory cytokines at the site
of chronic inflammation induces Smad7
expression, making disease cells
unresponsive to TGF-§.

Perspectives
Many in vitroand i vivoanimal studies
have implicated Smad7 as a major
inhibitory regulator of the TGF-B-Smad
pathway. It is well known that signal-
transduction pathways have their own
intracellular regulators and there is much
cross-talk signaling regulation through
regulatory molecules such as Smad7 {4).
This regulatory role for Smad7 is
supported by the findings in the IBD and
scleroderma studies in humans [2,3].
Upregulation of TGF-B has been
documented in certain inflammatory
disorders such as IBD and asthma, and it
seems paradoxical that elevated TGF-p
levels fail to contrel the diseases through
its anti-inflammatory activity {2,20]. As
seen in the IBD study, overexpression of



Smad7 in inflammatory cells can dampen
their responses to TGF-P produced at

the site of chronic inflammation. Thus,
Smad7 could be a key molecule for the
mechanisms of chronic inflammation in
these disorders, and downregulation of
Smad? expression (e.g. by the use of
antisense Smad?7 oligenucleotides) might
restore normal control of TGF-B signaling
Ininflammatory cells and be beneficial for
the treatment of chronic inflammatory
disorders associated with high TGF-8
production and its resistance.

Th observed reduced expression of
Smad? in sclerodermashould encourage
us to analyze the transcriptional regulation
of the promoter region of the Smad7 gene
Inmore detall; for example, by searching
for single nucleotide polymorphisms (SNPs)
that might affect Smad? transcription in
patients with sclerederma. Such studies
might alse provide clues as towhy certain
population are susceptible to tissue
fibrosis or scar formation after skin Injury.
Inaddition, exploring mechanisms of
Smad7 degradation should be another
important area of investigation for
scleroderma study.
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[Techniques & Applications

Encapsulation of pancreatic islets for transplantation in
diabetes: the untouchable islets
Paul de Vos and Piero Marchetti

The aim of encapsutation of pancreatic
isletsis to transplant in the absence of
immunosuppression. Itis based onthe
principle that transplanted tissue is
protected from the host immune system
by an artificial membrane. Encapsulation
allows for application of insulln-secreting
cells of animal or other strogate sources,
to avercome human islet stiortage, The
advantages and pitfalls of the approaches
developed sofar are discussed and
compared, together with some recent
progress, ir: view of applicability in clinical
Islet transplantation,
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Recent successes [1] have increased

the optimism and interest in clinical
application of pancreatic islet
transplantation in type 1 diabetes on
alarge scale. Unfortunately, present
approaches involve the use of high-dose
and strict immunosuppressive protocols,
which is associated with serious side-effects,
Therefore, it ts still doubtful whether
clinical islet transplantation in combination
with immunosuppression will ever be a
sound alternative to insulin therapy for

the majarity of diabetic patients [2]. By
encapsulation (j.e, immunoisolation) of
the islets, chronic administration of
Immunosuppressants can be eliminated,
as the hostile host-immune system cannot
reach the physically protected pancreatic
Islet cells.

Immunoisolation is based on the
principle that transplanted cells are
separated from the host immune system
by a biocompatible, semipermeable
membrane {2,3]. The membrane does
not allow the entry of inflammatory cells
and large molecules such as antibodies,
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