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Secretory Protein 7B2 Response to Oral Glucose Loading and
Intravenous Glucagon Injection in Patients
with Diabetes Mellitus

Akitaka HisaTowmi, Shoichi NaTorl, Haruo Icuchi, Masao OHASH],
Fumio UMEDA and Hajime NAWATA

Third Department of Internal Medicine, Faculty of medicine,
Kyushu University 60, Fukuoka 812-82, Japan

Summary Serum 7B2 concentrations in control subjects and patients with diabetes mellitus
were measured following a 75 g oral glucose load and following intravenous glucagon infusion. In
response to oral glucose, serum 7B2 levels increased in the controls (n=10) and in the diabetic
patients (n=7). The increment of the serum 7B2 level was smaller in the diabetic patients than
the controls. During the 75 g oral glucose tolerance test (75g¢ OGTT), serum 7B2 levels were
significantly positively correlated with serum C-peptide levels. In contrast, following intravenous
glucagon infusion, serum 7B2 levels increased only in diabetic patients treated with oral hypog-
lycemic agents (n=20) and did not increase in controls (n=5): the group having the highest
insulin secretion activity in the present study, nor in diet or insulin-treated diabetic patients. No
correlation between serum 7B2 levels and serum CPR levels was observed in the intravenous
glucagon infusion study. These data suggest that an extra-pancreatic source which produces the
observed serum 7B2 increase following oral glucose intake can not be excluded and that 7B2 may
not be secreted concomitantly with insulin from the pancreatic beta cell in response to intra-

venous glucagon injection.

Introduction

7B2 is a secretory protein originally isolated
from porcine and human anterior pituitary
glands®'®.  Cloning of human 7B2 cDNA
revealed that this protein consists of 186 amino
acids (molecular weight 20,793) and possesses
an 18 or 26 amino acid signal peptide!'®. 7B2 is
found in neuroendocrine or endocrine cells of
diverse tissues including the hypothalamus,
pituitary glands, thyroid gland, pancreatic islet,
adrenal medulla and gastrointestinal tract™!%.
Recent investigation indicates that 7B2 is con-
fined in the secretory granules of pancreatic
beta and alpha cells??, and that this peptide
interacts with prohormone convertase PC2 to
prevent with premature activation of this

enzyme in the regulated secretory pathway®.
However, it is still unclear whether this protein
is secreted concomitantly with insulin from the
pancreatic beta cell. The present investigation,
therefore, was designed to evaluate 7B2 secre-
tion in response to oral glucose loading or intra-
venous glucagon infusion in patients with non-
insulin-dependent diabetes mellitus (NIDDM)
and their age-matched control subjects.

Subjects and methods

Subjects

Eighty Kyushu University Hospital patients
with NIDDM or borderline diabetes mellitus
(BDM) and 15 age-matched control were includ-
ed in this study. NIDDM and BDM were
diagnosed according to the criteria recommend-
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" Table 1 Clinopathologic characteristics of experimental subjects in the 75 g oral glucose
tolerance test (OGTT) and the intravenous glucagon infusion test
Borderline
a.75g OGTT Control diabetes NIDDM
mellitus
n 10 19 7
Age (years) 43.1+5.8 50.7£2.7 48.3+6.1
Sex (M/F) 6/4 10/9 2/5
Body mass index (kg/m?) 244+1.6 22.3+0.9 26.8+2.0
Fasting blood glucose (mg/dl) 68.4+3.8 80.2+4.2 117.0+11.9
b. Intra.veno'us gluca- Control NIDDM
gon infusion test

Diet OHA Insulin
n 5 21 20 13
Age (years) 60.6 7.0 49.8+3.2 56.442.9 55.5+2.7
Sex (M/F) 2/3 10/11 11/9 11/2
Body mass 20.4+1.9 25.2+0.3 209+0.8 19.7+1.1
index (kg/m?
Fasting blood 84.0+16 116.1+8.2 154.9+10.0 187.7+23.8
glucose (mg/dl)
Age at diagnosis / 447440 46.9+32 47.6+36
(years)
Duration (years) / 48+15 89+1.9 8.9+1.38

ed by the Japan Diabetes Society®. All patients
with associated liver cirrhosis, chronic renal
failure, and hyperthyroidism or other endocrine
disorders were excluded. Clinical characteris-
tics of the experimental subjects are shown in
Table 1. Ten control subjects, 19 BDM
patients and 7 NIDDM patients were adminis-
tered the 75g oral glucose tolerance test
(OGTT). During this protocol, peripheral
venous blood was drawn from a catheter placed
in the antecubital vein at 0 min, 30 min, 60 min
and 120 min following oral glucose administra-
tion (Table 1, a).
consisting of five non-diabetic control subjects,
21 NIDDM patients treated with diet alone, 20
NIDDM patients treated with oral hypog-
lycemic agents (OHA), and 13 NIDDM patients
treated with insulin injections were given a 1

A separate set of subjects

mg intravenous bolus of glucagon (Novo
Glucagon, Novo Pharmaceutical Co. Tokyo,

Japan). Peripheral blood was drawn at 0 min, 6
min and 10 min following glucagon infusion
(Table 1, b).

Blood glucose concentrations were measured
by a Beckman glucose analyzer 2 which utilizes
a glucose oxidase method. Serum immunor-
eactive insulin (IRI) and serum C-peptide (CPR)
were measured using commercially available
kits: insulin riabead (Dainabot Radioisotope
Laboratory, Tokyo, Japan) for insulin mea-
surement® and a C-peptide radioimmunoassay
kit (Daiichi Radioisotope Laboratory, Tokyo,
Japan) for C-peptide measurement'?.

7B2 Radioimmunoassay

Serum 7B2 was measured using 7B2 radioim-
munoassay as described by Iguchi, et al.”. In
brief, a fragment of 7B2 (7B2 23-39) and 125
I-labeled 7B2 were used to provide a standard
and a radioactive tracer, respectively. The
antibody against 7B2 was kindly provided by
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Dr. S. R. Bloom (Hammersmith Hospital, Lon-
don, United Kingdom). The minimal sensitivity
of this assay was 20 pg/ml, and the mean intra-
and interassay coefficients of variation were
6.99% and 12.9%, respectively (n=15). All sam-
ples for 7B2 measurement were assayed in
duplicate.

All data are expressed as the mean+SE.
Statistical analyses were performed using the
paired or non-paired Student’s t-test. P values
less than 0.05 were accepted as statistically
significant. Correlation analyses performed by
the least square method.

Results

75 g OGTT Protocol
Baseline levels of serum 7B2 did not differ
significantly between NIDDM patients, BDM

patients, or age-mahtced controls (Fig. 1, Table
2). However, baseline serum 7B2 levels in BDM
patients tended to be higher than those in the
NIDDM patients or controls. In addition, serum
7B2 concetrations in NIDDM patients tended to
be lower than those in controls. In each group,
serum 7B2 increased in response to the 75 g oral
glucose load (Fig. 1, Table 2). The magnitude
of the increment of serum 7B2 level in the 75 g
OGTT did not differ significantly between the
three experimental groups except at 30 min
following glucose load where the increment of
the serum 7B2 level from baseline was signifi-
cantly smaller in the NIDDM group than in the
control group (P<0.05)(Table 2).
7B2 response in NIDDM patients was lower

The serum

than it was in the other two groups. In fact, in
NIDDM patients, a significant increase in

Table 2 Changes in 7B2, CPR, IRI and BG in response to an oral glucosé load

0 min 30 min 60 min 120 min
7B2 (pmol/1) 49.1£7.7 61.81+4.9 *+ 61.81+4.2 »» 62.91+4.2 *=
Con- CPR (ng/ml) 1.3%+0.2 5.8£0.8 *x 5.510.6 ** 5.0+0.4 *=
trol IRI (¢U/ml) 8.8+1.2 80.24+22 *= 48.8+11 =+ 41.7+8 *»
(h=10) BG (mg/dl) 69t4 111+£8 == 10746  *= 88+T7 *x
47B2 12.7£25 124+24 13.8+3.8
ACPR 45+0.7 43+0.5 3.6+0.4
7B2 (pmol/l) | 55.9+3.7 ns 66.6+4.0 ** ns 67.7+5.2 **ns 72.114.8 *x ns
CPR (ng/ml) 1.6+0.2 ns 5.31+0.4 ** ns 7.54£0.7 ** ns 7.8+0.6 +*&&
BDM | IRI (xU/ml) | 11.3*+15ns 55.7+7.4 **ns 69.0+8.5 ** ns 68.51+8.7 ** ns
(n=19) | BG (mg/dl) 80+t4 ns 155+8 =+&& 168+11 **&& 132+8 **&&
47B2 10.7+2.4 ns 11.8+2.8 ns 16.2+2.8 ns
4CPR 3.7+04 ns 5.9+0.7 ns 6.2+0.5 &&
7B2 (pmol/l) | 41.3+4.8ns 43.7+55 NS & 51.1+6.7 +*ns 51.84+6.7 NS ns
CPR (ng/ml) 2.0+04ns 3.410.6 »+& 4.8+1.0 **ns 7.1+1.5 **ns
NIDDM | IRI (¢U/ml) | 13.2+3.1ns 31.2+6.9 #*xns 47.0£9.1 **ns 82.1£255 *ns
(n=7) BG (mg/dl) 117+12 && 209+25 =*&& 261£2] *+&& 261£19 *+&&
A47B2 2.4+26 & 9.8+3.5 ns 10.4£5.2 ns
4CPR 14404 && 2.8£0.7 ns 51+1.2 ns

NS: not significant vs 0 min
(paired t test)
*: P<0.05 vs 0 min (paired t test)
*x 1 P<0.01 vs 0 min (paired t test)
4 7B2=7B2 concentration at each time-7B2 concentration at 0 min
4 CPR=CPR concentration at each time-CPR concentration at (0 min
BG : Blood glucose
BDM : Borderline diabetes mellitus
NIDDM : Non-insulin dipendent diabetes mellitus

ns: not significant vs Control

(non-paired t test)

& : P<0.05 vs Control (non-paired t test)
&& : P<0.01 vs Control (non-paired t test)
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Fig.1 Serum 7B2 response to a 75 g oral glucose load
in normal subjects, patients with borderline
diabetes mellitus (BDM) and patients with
diabetes mellitus.

Values are given as mean+SEM.
®: P<0.05 vs 0 min (paired t test)
* : P<0.05 vs control (non-paired t test)
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Fig.2 Serum 7B2 response to intravenous glucagon
injection in NIDDM subgroups treated with
diet alone, oral hypoglycaemic agents (OHA)
or insulin injection.

Values are given as mean+SEM.
®: P<0.05 vs 0 min (paired t test)

serum 7B2 was found only at 60 min following
glucose loading (Fig. 1, Table 2).

The correlation between serum 7B2 levels
and serum CPR levels following oral glucose
load was examined in all subjects of the three
experimental groups combined. As shown in
Fig. 3, a significantly positive correlation was
observed between serum 7B2 levels and serum
CPR levels (r=0.414, P<0.001, n=144). In
addition, a positive correlation was found
between serum 7B2 levels and serum IRI levels
in the 75g OGTT (r=0.197, P<0.05, n=144).

Intravenous Glucagon Infusion Protocol

In order to determine whether increased
serum 7B2 levels correlate with endogenous
insulin secretion, serum 7B2 levels were mea-
sured in control subjects and NIDDM patients
following intravenous glucagon infusion (Fig.
2). The increase of serum CPR levels over
baseline at 6 min following glucagon infusion
was significantly lower in NIDDM patients
than in controls (P<0.01)(Table 3). Baseline
serum 7B2 levels in these diabetic patients tend-
ed to be lower, but were not statistically differ-
ent from those in the controls (Fig. 2, Table 3).
In controls, serum 7B2 levels showed no signifi-
cant change following glucagon infusion. How-
ever, in the OHA-treated NIDDM patients,
serum 7B2 levels increased significantly (P<
0.01) at 6 min after glucagon infusion (Fig.?2,
Table 3). Also, the correlation between serum
7B2 levels and serum IRI or CPR levels follow-
ing glucagon infusion was examined. No signif-
icant correlation was observed between serum
7B2 levels and serum CPR levels (Fig. 3) nor
serum IRI levels (data not shown).

Discussion

The present study demonstrates that serum
7B2 concentrations increased in response to an
oral glucose load. This response proved to be
lower in the diabetic patients than in the control
subjects. In addition, serum 7B2 levels signifi-
cantly correlated with serum CPR levels in the
75g OGTT. This correlation, however, does
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Table 3 Responses of 7B2, CPR, IRI and blood glucose to intravenous glucagon injection
0 min 6 min 10 min 15 min
7B2 (pmol/1) 73.5+£20.5 70.7£6.2 NS 75.5+11.3NS 69.6+8.5 NS
c CPR (ng/ml) 1.2+0.3 51+0.8 =*= 52409 == 4.8+0.9 *=
tonl' IRI (uU/ml) | 7.0+19 70.4:£14.3 *» 61.5+14.4 442+121 =
(nr_05) BG (mg/dl) 84+2 108+6 * 116+8 12245 =
B 47B2 —2.8+4.7 2.0+4.9 —3.9+9.2
4CPR 3.9+05 4.0%0.6 3.6+0.5
7B2 (pmol/1) 54.8+3.2 54.94+2.9 NS 54.7+£3.5 NS
CPR (ng/ml) 1.4+0.1 3.1£0.2 *+ 2.940.2 **
I;H?]S)i\)/[ BG (mg/dl) 148+8 1629  *+ 180£14 *=
- 4782 0.1+2.6 ns —0.1£3.0 ns
4CPR 1.7£0.1 && 15+0.1 &&
7B2 (pmol/1) 58.8+5.1 56.9+4.3 NS 56.7+4.4 NS
NIDDM | CPR (ng/ml) 1.7+0.2 3.940.3 *= 3.610.3 *+
with IRI (U/ml) 24.2+13.6 58.4+17.5 *+ 46.5116.4 *+
diet BG (mg/dl) 116+8 132£9 *» 143410 *=
(n=21) 47B2 —19+19 ns —2.1+1.8 ns
4CPR 22402 && 1.9+0.2 &&
7B2 (pmol/l) 52.9+5.5 59.2£5.7 *x 58.1+7.5 NS
NIDDM | CPR (ng/ml) 15+0.2 3.4£0.3 ** 3.2£0.4 *»
with IRI (2 U/ml) 79+1.2 32.5£3.9 *» 27.7+4.1 =
OHA BG (mg/dl) 155+10 16810 *= 17518  *=
(n=20) 47B2 6.4+15 & 5.2%29 ns
ACPR 1.9+0.2 && 1.8+0.2 &&
NIDDM 7B2 (pmol/1) 51.4+5.6 448+3.3 NS 46.5+5.6 NS
with CPR (ng/ml) 0.8+1.9 1.440.3 *+ 1.340.3 *=
insulin BG (mg/dl) 188+24 202425 ** 248+50 NS
o1y | 4782 —6.7+31 ns —49+3.2 ns
4CPR 0.6+0.2 && 0.5+£0.2 &&

*: P<0.05 vs 0 min
=+ : P<0.01 vs 0 min

& : P<0.05 vs Normal Group
&& : P<0.01 vs Normal Group

NS: not significant vs 0 min

ns: not significant vs Normal Group

A4 7B2=17B2 concentration at each time-7B2 concentration at 0 min
4 CPR=CPR concentration at each time-CPR concentration at 0 min

BG: Blood glucose
NIDDM : All NIDDM patients

NIDDM with diet : NIDDM patients treated with diet alone
NIDDM with OHA : NIDDM patients treated with oral hypoglycemic agent
NIDDM with insulin: NIDDM patients treated with insulin

not prove co-secretion of 7B2 and insulin from
pancreatic beta cells. Therefore, in order to
study the possibility that serum 7B2 response
represents endogenous insulin responsiveness,
we measured 7B2 response to intravenous
glucagon in three diabetic subgroups with dif-
ferent levels of insulin reserve, which could be
determined by glucagon-stimulated serum CPR

increases. In contrast to the findings in the 75
g OGTT, no serum 7B2 response to glucagon
infusion was found in controls or diabetic
patients. Moreover, there was no significant
correlation between serum 7B2 levels and CPR
levels in the glucagon infusion test. Only in the
OHA-treated NIDDM subgroup, serum 7B2
levels increased at 6 min after glucagon injec-
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Fig.3 Correlation analysis between serum 7B2 and
serum CPR in the 75 g OGTT and the intra-
venous glucagon infusion test.

a: 75g OGTT
b: intravenous glucagon infusion test

tion. The reasons for this response are unclear:
Although the effect of intravenous glucagon as
an insulin secretagogue is considered to be
more specific and direct than that of oral glu-
cose, the effect of glucagon on 7B2 secretion
was not substantial. Although the present data
could not clearly indicate the source of the oral
glucose-induced 7B2 response, it may arise
from extrapancreatic sites such as the pituitary
glands'V*® or gastrointestinal tract®. Alterna-
tively, this response could be due to indirect

islet cell stimulation by gut hormones released
following a glucose load.

High levels of serum 7B2 has been noted in
patients with insulinomas or other islet cell
tumors and may be of diagnostic value!¥. We
also found that baseline serum 7B2 was ele-
vated to 1041+1786 pmol/l in 13 patients with
an islet cell tumor and that, in addition, in 3
cases with non-functioning islet cell tumor, the
elevated 7B2 levels were normalized following
surgical removal of the tumor®. Therefore, we
conclude that although the determination of
serum 7B2 may have some value in the diagno-
sis of neoplastic pancreatic islet lesions, this has
little clinical use as an indicator of insulin
secretion from the pancreatic beta cell, both in
healthy subjects and in patients with diabetes
mellitus.
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