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Plasma islet amyloid polypeptide (Amylin) levels and their responses
to oral glucose in Type 2 (non-insulin-dependent) diabetic patients
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Summary. Fasting plasma islet amyloid polypeptide concen-
trations and their responses to an oral glucose load were
determined in non-diabetic control subjects and patients
with abnormal glucose tolerance in relation to the responses
of insulin or C-peptide. Plasma islet amyloid polypeptide was
measured by radioimmunoassay. In the non-diabetic control
subjects, fasting plasma islet amyloid polypeptide was
6.4 0.5 fmol/ml (mean = SEM) and was about 1/7 less in
molar basis than ininsulin. The fasting islet amyloid polypep-
tide level rose in obese patients and fell in patients with
Type 1 (insulin-dependent) diabetes mellitus. In non-obese
patients with impaired glucose tolerance and Type 2 (non-in-
sulin-dependent) diabetic patients without insulin therapy,
the level was equal to that of the control subjects, but a low
concentration of islet amyloid polypeptide relative to insulin

or C-peptide was observed in the non-obese Type 2 diabetic
group. The patterns of plasma islet amyloid polypeptide re-
sponses after oral glucose were similar to those of insulin or
C-peptide. However, compared to non-obese patients, a
hyper-response of islet amyloid polypeptide relative to C-
peptide was noted in obese patients who had a hyper-re-
sponse of insulin relative to C-peptide. This study suggests
that basal hypo-secretion of islet amyloid polypeptide
relative to insulin exists in non-obese Type 2 diabetes and
that circulating islet amyloid polypeptide may act physiologi-
cally with insulin to modulate the glucose metabolism.
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Islet amyloid polypeptide (IAPP or Amylin)is a 37 amino
acid peptide, which was extracted and characterized from
islet amyloid deposits in patients with insulinoma [1] or
Type 2 (non-insulin-dependent) diabetes [2]. Recent im-
munohistochemical studies and the characterization of
TIAPP cDNA suggest that JAPP is a normal islet hormone
and is co-secreted with insulin from islet Beta cells of the
pancreas. To establish that IAPP is a hormone, its secre-
tion and physiological action(s) should be elucidated. A
recent in vitro study [3] indicates that IAPP is co-released
with insulin by glucose and non-glucose stimuli from the
Beta cells. With regard to the actions of IAPP, some
studies [4, 5] using synthesized IAPP amide suggest that
IAPP may have insulin antagonistic effects, particularly in
muscle tissue. However, interpretation of these results
must take into account the peripheral molar ratio of
JAPP/insulin as well as the peripheral concentration of
IAPP

In the present study, plasma IAPP concentration and
its responses to oral glucose load in non-diabetic subjects
and patients with mild glucose intolerance were studied in
refation to the responses of insulin and C-peptide to dis-

cover the features of the secretions of these Beta cell pro-
ducts in Type 2 diabetes.

Subjects and methods

Subjects and loading test

Nineteen non-obese [body mass index (BMI) < 25 kg/m?] normal
volunteers [age: 36739 (mean*SEM) years, BMI:
20.8 + 0.4 kg/m’] with no family history of diabetes and 79 patients
with abnormal glucose tolerance {17 non-obese patients with im-
paired glucose tolerance (IGT) (age: 54.8+2.4 years, BML
21.3 £0.6 kg/m?), 32 non-obese Type 2 diabetic patients without in-
sulin therapy (age: 63.2+2.0 years, BMI: 22.6 + 0.3 kg/m?), seven
non-obese Type2 diabetic patients on insulin therapy (age:
64.0+ 4.6 years, BMI: 20.6+ 0.5 kg/m?), eight Type 1 (insulin-de-
pendent) diabetic patients (age: 40.8+6.8years, BMI:
20.2+0.7 kg/m?), seven obese (BMI > 27 kg/m?) patients with IGT
(age:39.4 £7.3 years, BMI:30.4 £ 0.5 kg/m?), and eight obese Type 2
diabetic patients without insulin therapy (age: 54.8 £10.2 years,
BMI: 32.0 £1.2 kg/m®)] were studied to measure fasting IAPP after
overnight fasting. In 43 of these subjects a 75 g oral glucose tolerance
test (OGTT) was performed. HbA, of the patients studied was less
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Table 1. Fasting plasma levels of Beta cell products and each molar ratio and ratio of each area under the curve above basal (AUC) during oral

glucose tolerance test

Fasting OGTT

Group n IAPP insulin CP IAPP/insulin TAPP/CP n AUCcp AUCzscp
(fmol/ml)  (fmol/ml) (pmol/ml) MR (x107') MR (x107?) (x107hH (x10-%

Non-obese subjects
Normal 19  64+05 424+ 35 0334003 1.64+016 2264036 11  (1.51£0.09) (6.96+0.74)
IGT 17 62%0.7 375+ 35 033+003 203036 254044 12 1.37£0.16° 5.67+£047
Type 2-NI 32 67106 618+ 6.9 0.57+007° 123+£0.09° 142+0.11° 8 1.14+0.18  4.59 £0.64¢
Type 2-1 7 28%lLI°
Type 1 8 16+06°
Obese subjects
IGT 7 87x1.0° 674+13.9° 0.63+£0.17° 141+021 1.82+£0.37 7 2.80+£0.68¢ 7.83+1.27°
Type 2-NI 8 105+26° 120.1%36.1° 0.80+0.17° 0.98+0.20° 1431030 5 3.06+£0.81f 8.58+3.55¢

IGT:impaired glucose tolerance, Type 2-NI: Type 2 diabetes without insulin therapy, Type 2-1: Type 2 diabetes with insulin therapy, CP: C-pep-
tide, MR: molar ratio, OGTT: oral glucose tolerance test, AUC: area under the curve above basal during 120 min of OGTT, AU Cyycp: AUC
of insulin/AUC of C-peptide, AUCia,cpt AUC of IAPP/AUC of C-peptide, significance of the difference from normal subjects: * p < 0.05,

bp<0.01,¢p <0.001,

significance of each other: ¥ p < 0.05,°p < 0.05,p < 0.05, ® not significant

than 8.5% except in those with Type 1 diabetes. Those who had he-
patic or renal dysfunction were excluded.

Peripheral blood samples to measure plasma insulin, C-peptide
and IAPP were put into chilled tubes containing 2.5 mg EDTA and
500 Kalliginogenase Inactivator Unit Aprotinin per ml of blood.
The plasma was separated immediately after the completion of the
loading test and was stored at —80°C.

Extraction of IAPP-like materials in plasma

Plasma IAPP-like materials were extracted using Sep-Pak C18 car-
tridges (Waters, Milford, Mass., USA) [6] with slight modification.
Plasma samples and all reagents were applied to the Sep-Pak using
Syringe Infusion Pump 22 (Model 2400-006, Harvard Apparatus,
South Natick, Mass., USA) at a rate of 25 ml/h. Ten samples (eight
plasma samples, one pool plasma and one pool plasma containing
standard human IAPP-NH,) were extracted simultaneously. The
eluate was evaporated and resolved by the radioimmunoassay
(RIA) buffer (0.1 mol/l sodium phosphate buffer, pH 7.4, containing
0.1% Triton-X, 0.05 mol/1 NaCl, 0.1% bovine serum albumin and
0.01% NaN;). The recovery of this extraction was 84.3 to 96.5%
(92.6 £1.5%,n=9). The serial dilution curves of the plasma extracts
were parallel to a standard curve. HPLC analysis revealed that im-
munoreactive IAPP in the plasma extracts eluted as a single peak
which coincided with synthesized human IAPP-NH,.

Assay procedures

TAPP was measured by RIA {6} using Human Amylin Radioimmu-
noassay Kits (Peninsula Laboratory, Inc., Belmont, Calif., USA).
Synthesized human IAPP-NH, [4] was used as an RIA standard in-
stead of the kit standard. Between and within-assay variations were
less than 9.6% and less than 5.8%, respectively. The detection limit
of the assay was 2 fmol/tube.

Plasma insulin and C-peptide were measured by RIA using
Phadeseph Insulin RIA (Pharmacia Diagnostics, Uppsala, Sweden)
and C-peptide RIA (Shionogi, Osaka, Japan), respectively. Plasma
glucose was assayed by the glucose oxidase method.

Statistical analysis
The data are shown as mean + SEM, The statistical analysis was car-

ried out by the Student’s “¢” test, and a p value < 0.05 was considered
significant.

Results
Fasting plasma IAPP concentration (Table 1)

In the normal control subjects (non-obese), the plas-
ma JAPP level was 6.4 £0.5 fmol/ml (24.9 £2.0 pg/ml)
and exhibited no difference between male and female
subjects. This concentration was about 1/7 of that of
insulin in molar basis. In the non-obese subjects, the fast-
ing IAPP in the patients with IGT or Type 2 diabetes
treated without insulin was not significantly different
from that of the control subjects, while the fasting IAPP
in the patients with Type 1 diabetes or Type 2 diabetes
treated with insulin was significantly lower than that
in the control subjects. The obese patients with IGT
or Type 2 diabetes (treated without insulin) had signifi-
cantly higher fasting IAPP levels than non-obese control
subjects.

Although the level of IAPP in non-obese Type 2
diabetes without insulin therapy was equal to that of the
control subjects or those with IGT, insulin or C-peptide le-
vels in this group were significantly (p < 0.05, p < 0.01, re-
spectively) higher than those in the control subjects or pa-
tients with IGT, resulting in significantly (p <0.05) lower
IAPP/insulin or IAPP/C-peptide molar ratio in this group.
The IAPP/insulin or C-peptide molar ratio in the obese
Type 2 diabetic group was aiso low compared to those of
the control subjects but not significant. Among the non-
obese Type 2 diabetic patients, there was no difference in
these ratios between the groups of long duration (more
than 10 years) and short duration (less than 3 years) of the
disease.

There were no significant differences in fasting in-
sulin/C-peptide molar ratio among the groups.

Plasma IAPP responses during OGTT

Plasma IAPP responses during OGTT are shown in
Figure 1. The peaks of the responses were seen 60 min
after oral glucose load in the normal control subjects but
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Fig.1. Plasma glucose, insulin, C-peptide and islet amyloid polypep-
tide (IAPP) responses during oral glucose tolerance test. Dashed
line with open circle: normal control subjects (n = 11), solid line with
open circle: non-obese patients with impaired glucose tolerance
(n=12), solid line with closed circle: non-obese patients with Type 2
diabetes (n = 8), broken line with open square: obese patients with
impaired glucose tolerance or Type 2 diabetes (n = 12)

occurred later in the patients with abnormal glucose
tolerance or obesity. The magnitude of the IAPP respon-
ses increased in the obese patients and decreased in the
non-obese Type 2 diabetic patients. These patterns of the
IAPP responses were similar to those of insulin or C-pep-
tide.

The areas under the curves above basal of IAPP
(AUC), insulin (AUCq), C-peptide (AUCgp) and plas-
ma glucose (AUCeg) during 120 min of OGTT were cal-
culated and the ratios of AUCIA/AUCCP (AUCIA/CP) and
AUCWAUCe (AUCcr) were compared between the
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non-obese and obese groups with IGT or Type 2 diabetes
whose peaks of IAPP, insulin or C-peptide occurred at al-
most the same time (Table 1). The AUCpg in non-obese
IGT, obese IGT, non-obese Type 2 diabetes and obese
Type 2 diabetes was 3.45%0.13, 3.43£0.13, 5.67+£0.45,
and 6.16+0.49 mmol-h-1"%, respectively. In the patients
with IGT, the AUCwce in the obese group which was ex-
pected to have insulin resistance was significantly
(p <0.05) higher than that in the non-obese group. Similar
to the AUCvcp, the AUCs,cp in the obese group was also
significantly (p < 0.05) higher than that in the non-obese
one. These changes, although not statistically significant,
could be seen between the obese and non-obese groups of
Type 2 diabetes.

Discussion

The present study demonstrates that fasting plasma
IAPP levels in the normal control subjects were
6.4£0.5 fmol/ml, almost coinciding with the previous
findings by others [6, 7]. The levels in the non-obese
patients with IGT or mild Type2 diabetes did not
differ from those seen in the control subjects. We also
demonstrated that the fasting IAPP significantly de-
creased in the patients with Type 2 diabetes treated with
insulin, obviously decreased in Type 1 diabetes and in-
creased in the obese patients with IGT or Type2
diabetes.

Since IAPP is supposed, according to recent studies
[3, 7], to be a normal islet hormone and to play some role
in modulating glucose metabolism, it is very important
to clarify the peripheral molar ratio of IAPP/insulin
as well as the peripheral concentrations of TAPP. This
study revealed that peripheral plasma IAPP/insu-
lin molar ratio in normal control subjects was about 1/7.
This ratio and the peripheral concentrations allows us to
re-evaluate the previous in vivo or in vitro studies using
synthesized IAPP. We previously reported that by using
the hyperinsulinaemic euglycaemic glucose clamp study,
synthesized IAPP amide causes peripheral insulin resis-
tance in vivo in dogs [4]. However, the peripheral IAPP
concentration and IAPP/insulin molar ratio during IAPP
infusion in our previous study which caused peripheral
insulin resistance were about 18 pmol/ml and 13/1, re-
spectively, which are 3000 times and 100 times higher
than human control levels, respectively. The insulin anta-
gonistic effects of the infused IAPP was thus not a physi-
ological action.

Recently we obtained a finding that rat IAPP amide
(10~%to0 10" mol/l) is not extracted from the perfused rat
liver (unpublished data). It is supposed, therefore, that a
portal IAPP/insulin molar distribution is less than 1/14
takinginto account 50% hepatic insulin extraction and the
longer half-life of IAPP in the bloodstream [8]. This small
molar ratio of IAPP relative to insulin is compatible with
the recent findings using monolayer cultures of neonatal
rat pancreata [3].

The fasting TAPP/C-peptide molar ratio decreased in
patients with Type 2 diabetes. However, the ratio in IGT
subjects was the same level as the control subjects. It has
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been reported that there was no difference in the meta-
bolic clearance rate of biosynthetic human C-peptide be-
tween non-diabetic subjects and patients with Type 2
diabetes [9]. Thus, decreased IAPP/C-peptide molar
ratio in Type 2 diabetes indicates the decreased basal
IAPP secretion relative to C-peptide (insulin) and/or
shortened IAPP metabolic clearance rate in Type 2
diabetes. Taking into account an immunohistochemical
study by Westermark et al. [10] that very few IAPP-cells
were seen despite a strong reaction of the Beta cells with
antiserum to insulin in the patients with Type 2 diabetes,
our results suggest that basal hypo-secretion of IAPP
relative to insulin exists in the patients with Type2
diabetes.

It is generally accepted that obese patients have in-
sulin resistance. In such patients, delayed metabolic
clearance rate of insulin due to insulin resistance causes
hyper-response of plasma insulin relative to C-peptide
which has no biological activity. In this study, we were un-
able to compare the AUC between non-diabetic control
subjects and patients with IGT or Type 2 diabetes,
because patterns of responses in each Beta cell product
differ during OGTT. However, patients with both 1GT
and Type 2 diabetes had delayed insulin, C-peptide and
TIAPP responses, and the pattern of each response was
similar. Among the groups, obese patients had hyper-
response of insulin relative to C-peptide compared
to members of the non-obese group. This indicates that
insulin resistance exists in obese patients. Similar to the
relationship between insulin and C-peptide, obese pa-
tients had hyper-response of IAPP relative to C-peptide
compared to those in non-obese patients. If IAPP has no
biological action(s) like C-peptide, the ratio of AUC of
these Beta cell products (AUC4cp) in obese patients
should be the same as those in non-obese patients. Al-
though the true biological action(s) of IAPP has not yet
been clucidated, this result suggests that IAPP may act
biclogically with insulin to modulate the glucose metabo-
lism.
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