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ABSTRACT

The structure of insulin-like growth factor (IGF), especially IGF-I, and its receptor is similar
to that of insulin. Therefore, the changes of IGFs and IGF-binding proteins may be related to glucose
homeostasis in children with insulin dependent diabetes mellitus (IDDM). Sixty-three fasting blood
samples of 21 children with IDDM attending 3 consecutive diabetic clinics were studied. The HbAlc
progressively decreased from the 1% to the 3™ visit. IGF-I levels, both total and free forms, were not
significantly different from that of control. IGFBP-3 levels in 3 visits (3406+305, 3376+252, and
2406+247 ng/mL) were significantly lower than that of control (5020+415ng/mL) with the p value
of 0.007, 0.002, and < 0.001 respectively. IGFBP-1 levels in the 1% and 2™ visits (102.1£12.9 and
114.1+14.5 ng/mL) were significantly higher than that of control (60.1+15.2 ng/mL) with the p value
of 0.03 and 0.01 respectively, but not in the 3™ visit. IGF-I level had a positive correlation with
IGFBP-3 (R=0.56, p=0.01) and free IGF-I (R=0.53, p=0.01). Free IGF-I had a negative correlation
with IGFBP-1 (R=-0.64, p=0.01). IGF-II at the 1* visit had a negative correlation with HbAlc (R=
-0.49, p=0.047). The authors found no correlations between IGF-I, IGFBP-3, free IGF-1, IGFBP-1
and HbAlc in the study. The patients’ height SDS followed the genetic height potential. It was,
therefore, postulated that a near normal free IGF-I level in diabetic children resulted from a balance
of interaction between IGFBP-1 and IGFBP-3 to total IGF-I in order to keep the normal metabolic
status as much as possible.
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The structure and metabolic effects of in-
sulin-like growth factors (IGFs), especially IGF-I,
are very similar to that of insulin. In addition, the
IGF-I receptor is also similar to that of insulin, com-
prising two extracellular alpha subunits and two
beta subunits, with transmembrane and tyrosine
kinase which are involved in intracellular signal-
ing(1,2). 1t is probable that IGF-I and insulin may
share receptor interactions. The production of growth
hormone binding protein (GHBP) representing the
extracellular domain of GH receptors is influenced
by the insulin and nutritional status(3,4). Insulin had
an effect on IGF-I production at the receptor or post-
receptor levels. The difference between IGF-I and
insulin is that the metabolic effects of IGF-I are
under the control of IGF-binding proteins of which
six classes, IGFBP-1,-2,-3,-4,-5,-6, have so far been
identified(5). IGF-I involves in the growth of chil-
dren and in metabolic activity such as tonic hypo-
glycemic action. The IGFBP-3, the biggest one with
the molecular weight of 42 kDa, binds with IGF-I
and acid labile subunit to form the stable ternary
complex leaving the free IGF-I, active metabolite,
of less than 10 per cent(6). The IGFBP-3 productions
are under control of GH and IGF-I(7). The IGFBP-1,
MW 25 kDa, binds with IGF-I with less stability and
its serum level had the diurnal variation. Its major
metabolic action is involved in carbohydrate meta-
bolism(8).

Changes of GH/IGF-I axis have already
been reported in IDDM. However, the results were
full of discrepancy. IGF-I and IGFBP-3 levels were
found to be low or low/normal in many studies(9-
1), Free IGF-I, the biological active component,
has rarely been reported in IDDM; and some of them
were studied in acute metabolic derangement such
as DKA. Free IGF-I was suggested to be a more sen-
sitive indicator than IGF-I and it showed a faster
pattern of normalization during treatment with insu-
lin in children with DKA(12). However, no study
has been done on maintenance therapy with insulin
in children with IDDM. The relationship between
IGF-II and IDDM has been scantily reported
although IGF-II may play a role in carbohydrate
metabolism as seen in hypoglycemic patients with
IGF-II producing tumor(13). Therefore, the aims of
this research were to study the pattern of IGFs/
IGFBPs/free IGF in IDDM children who had already
been treated with insulin replacement and to draw
the relationship between IGFs and IGFBPs in gly-
cemic control of children with IDDM.
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MATERIAL AND METHOD
Patients

Sixty-three fasting blood samples of 21
children (11 girls, 10 boys) with IDDM, who had
been treated and followed up regularly at the dia-
betic clinic, department of Pediatrics, Chulalong-
korn Hospital every 3 months, were collected at
0800 a.m. on 3 consecutive visits. The serum and
plasma were stored at -20°C until the time of analy-
sis for the growth factors. In addition, the blood
chemistries including HbAlc, fructosamine, fasting
blood sugar and lipid profile were also routinely
sent to the central laboratory.

Eighteen children (10 girls, 8 boys), who
came to the growth clinic because of their height
concerns and whose findings after investigations
turned out to be normal, were recruited as the control
group. The fasting blood samples were also mea-
sured for the growth factors.

Informed consent was obtained from the
parents of each patient. This study was approved by
our ethics committee for human investigation.

Serum IGF-I

Serum IGF-I levels were measured by
Enzyme-Linked Immunosorbent Assay (ELISA) kit
(Diagnostic System Laboratories, Inc., Webster, TX).
Briefly, the assay was an enzymatically amplified
one-step” sandwich-type immunoassay. After extrac-
tion to remove IGF binding proteins, the standards,
controls and the unknown extracted were incubated
with anti IGF-I antibody that was labeled with the
enzyme horseradish peroxidase (HRP) in microtitra-
tion wells which were coated with another anti-IGF-1
antibody. After the incubation and washing, the
wells were incubated with the substrate tetramethyl-
benzidine (TMB). An acid stopping solution was
then added, and the degree of enzymatic turnover of
the substrate was determined by dual wavelength
absorbance measurement. at 450 and 620 nm. The
intra-assay coefficient of variation (CVs) were: 7.1
per cent (at 26.47 ng/mL), 4.5 per cent (at 48.36
ng/mL), and 6.5 per cent (at 169.67ng/mL). The
inter-assay CVs were: 8.8 per cent (at 42.94 ng/
mL), 4.8 per cent (at 132.61ng/mL), and 6.4 per cent
(at 379.12 ng/mL).

Serum IGF-II

Serum IGF-II levels were measured by
Enzyme-Linked Immunosorbent Assay (ELISA) kit
(Diagnostic System Laboratories, Inc., Webster, TX).
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Briefly, the assay was an enzymatically amplified
“two-step” sandwich-type immunoassay. In the assay,
standards, control and unknown samples were incu-
bated in microtitration wells that have been coated
with anti IGF-II antibody. After incubation and
washing, the wells were treated with another anti
IGF-II detection antibody labeled with the enzyme
horseradish peroxidase (HRP). After the second step
of incubation and washing, the wells were incubated
with the substrate tetramethylbenzidine (TMB). An
acid stopping solution was then added and the
degree of enzymatic turnover of the substrate was
determined by dual wavelength absorbance mea-
surement at 450 and 620 nm. The intra-assay coeffi-
cients of variation (CVs) were: 4.2 per cent (at 416
ng/mL), 3.5 per cent (at 672.3 ng/mL), and 1.7 per
cent (at 1707.8 ng/mL). The inter-assay CVs were:
7.7 per cent (at 299.2 ng/mL), 5.2 per cent (at
939.1 ng/mL), and 6.2 per cent (at 1116.5 ng/mL).

Serum IGFBP-3

Serum IGFBP-3 levels were measured,
using Enzyme-Linked Immunosorbent Assay
(ELISA) kit (Diagnostic System Laboratories, Inc.,
Webster, TX). Briefly, the assay was an enzymati-
cally amplified “two-step” sandwich-type immuno-
assay. The standards, controls, and unknown were
incubated in microtitration wells that were coated
with anti-IGFBP-3 polyclonal antibody. After incu-
bation and washing, the wells were treated_with ano-
ther anti-IGFBP-3 polyclonal antibody which was
labeled with the enzyme HRP. After the second step
of incubation and washing, the wells were then
incubated with the substrate TMB. An acid stopping
solution was then added, and the degree of enzyma-
tic turnover of the substrate was determined by dual
wavelength absorbance measurement at 450 and 620
nm.The intra-assay CVs were: 9.6 per cent (at 4.62
ng/mL), 9.5 per cent (at 27.43 ng/mL), and 7.3 per
cent (at 74.40 ng/mL). The inter-assay CVs were:
11.4 per cent (at 5.64 ng/mL), 10.4 per cent (at
25.13 ng/mL), and 8.2 per cent (at 65.55 ng/mL).

Serum IGFBP-1

Serum IGFBP-1 levels were measured,
using Enzyme-Linked Immunosorbent Assay (ELISA)
kit (Diagnostic System Laboratories, Inc., Webster,
TX). Briefly, the assay was an enzymatically ampli-
fied “two-step” sandwich-type immunoassay. The
standards, controls, and unknown were incubated in
microtitration wells that were coated with anti-
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IGFBP-1 antibody. After incubation and washing, the
wells were treated with another anti IGFBP-1 poly-
clonal antibody which was labeled with the enzyme
HRP. After the second step of incubation and wash-
ing, the wells were then incubated with the substrate
TMB. An acid stopping solution was then added,
and the degree of enzymatic turnover of the substrate
was determined by dual wavelength absorbance
measurement at 450 and 620 nm. The intra-assay
CVs were: 4.6 per cent (at 7.86 ng/mL), 2.5 per cent
(at31.16 ng/mL), and 1.7 per cent (at 106.57 ng/mL).
The inter-assay CVs were: 7.6 per cent (at 7.5 ng/
mL}), 6.8 per cent (at 30.48 ng/mL), and 6.2 per cent
(at 100.92 ng/mL).

Free IGF-1

Plasma free IGF-I levels were measured
using Enzyme-Linked Immunosorbent Assay (ELISA)
kit (Diagnostic System Laboratories, Inc., Webster,
TX). Briefly, the assay was an enzymatically ampli-
fied “two-step” sandwich-type immunoassay. The
standards, controls, and unknown were incubated
with a Free IGF-I antibody in microtitration wells.
After the incubation and washing, the wells were
treated with another anti-Free IGF-I detection anti-
body which was labeled with the enzyme HRP. After
the second step incubation and washing, the wells
were incubated with the substrate TMB. An acid
stopping solution was then added and the degree of
enzymatic turnover of the substrate was determined
by dual wavelength absorbance measurement at 450
and 620 nm. The intra-assay CVs were: 4.80 per cent
(at 0.20 ng/mL), 3.61 per cent (at 0.83 ng/mL), and
3.74 per cent (at 1.87 ng/mL). The inter-assay CVs
were: 11.1 per cent (at 0.18 ng/mL), 10.1 per cent
(at 0.80 ng/mL), and 6.2 per cent (at 2.09 ng/mL).

Statistical analyses

The results are shown as means + SEM
otherwise indicated. Nonparametric statistical ana-
lysis was performed using the Statistical Package for
Social Sciences (SPSS). The relationships between
the different variables were calculated by linear
regression analysis. P < 0.05 was considered signifi-
cant.

RESULTS

The mean chronological age (CA) of all
patients was 10.8 = 1.1 years which was not dif-
ferent from the mean CA of the control of 10.7 + 1.0
years.
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The mean Ht SDS was 0.34+0.35 that was
not significantly different from the mean mid-paren-
tal height SDS of 0.64+0.22.

Serum HbAlc

Serum HbAlc levels decreased from 11.6+
0.6 per cent at the 15t visit to 10.6+0.8 per cent and
8.8+1.1 per cent at the 2nd and 3rd visit respec-
tively. The Kruskal-Wallis test showed the signifi-
cance of 0.03.

Serum IGF-I

The serum IGF-I at the 1St visit (247.9+
42.1 ng/mL), 2nd visit (281.6+41.1 ng/mL), 3td visit
(247.2459.0 ng/mL) and the control (434.2+83.9
ng/mL) were not significantly different. (Fig. 1)

IGF-I(ng/mL)
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Serum IGF-II

The serum IGF-II was measured in the first
visit and the results showed the positive correlation
with IGF-I (R=0.55, p=0.01) and IGFBP-3. (R=0.47,
p=0.033) but the negative correlation with HbAlc
(R=- 0.49. p=0.047).

Serum IGFBP-3

The serum IGFBP-3 levels after 3 visits
were significantly lower than that of the control.
The 18t visit, 3464+305 and 5020+415 ng/mL p=
0.007. The 2nd visit, 3376+252 and 5020415
ng/mL p=0.002. The 3td visit, 2406247 and 5020+
415 ng/mL p<0.001. (Fig. 2)
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Serum IGFBP-1

The serum IGFBP-1 levels at the 15t and 2nd
visit (102.1212.9 and 114.1+14.5 ng/mL) were sig-
nificantly higher than that of the control"group (60.1
+15.2 ng/mL) with the p value of 0.03 and 0.01
respectively but not at the 3rd visit (92.5£13.3
ng/mL). (Fig. 3)

Plasma free IGF-I

The plasma free IGF-I levels after 3 visits
(0.62+0.11, 0.6220.12, 0.54+0.37 ng/mL respec-
tively) were not significantly different from that
of the control (1.02+0.8 ng/mL). (Fig. 4)

Correlations between IGFs, IGFBPs and meta-
bolic index

IGF-I level had a positive correlation with
IGFBP-3 (R=0.56, p=0.01) (Fig. 5) and free IGF-I

3 control

p<0.001

Mean IGFBP-3 level at the 1St, 2nd, 3rd visit and control.

(R=0.53, p=0.01) (Fig. 6) and a negative correlation
with IGFBP-1. (R=-0.38 p=0.01)

Free IGF-I had a negative-correlation with
IGFBP-1 (R=-0.64, p=0.01) (Fig. 7) However, all
these growth factors had no correlation with the
metabolic index including HbAlc, fructosamine,
cholesterol and triglyceride.

IGFs and their binding proteins related to
HbAlc

If the IGFs and their binding proteins were
analysed according to the HbAlc levels, (Table 1),
it was found that, only IGFBP-3 and cholesterol in
the group with HbAlc<10 per cent were signifi-
cantly different from that in the group with HbAlc
2> 10 per cent. However, the correlations between
IGF-1, IGFBP-3, IGFBP-1 and free IGF-I were still
the same as mentioned above in both groups.
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IGFBP-1 (ng/mL)
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DISCUSSION

In diabetic children, IGF-I had a positive
correlation with IGFBP-3 as seen in normal chil-
dren. However, their serum levels were lower than
that of the normal control, especially the IGFBP-3.
This was similar to previous studies which showed
the IGF-1 and IGFBP-3 were low or in the low/
normal range in adolescents with IDDM(9-11), This
supported that insulin had an influence on IGF-I
production. The diabetic children in the present
study still had a low insulin level even though they
had had insulin treatment as could be seen from the
high HbAlc in our patients. A previous study
showed that the serum IGF-I and IGFBP-3 levels
increased with intensified insulin treatment(14). In

3w control

p=0.01

Mean IGFBP-1 level at the 15t, 2nd, 3rd visit ‘and control.

another direction, a decrease in the insulin require-
ment was reported in diabetic adolescents treated
with recombinant IGF-I(15). This suggested that
both insulin and IGF-I exerted the interaction on
their receptors. However, the IGF-I levels and
actions were regulated by IGFBPs. The changes of
serum IGF-I and IGFBP-3 in children with IDDM
showed the different results in many previous
studies(11,14,16)_ The age of patients might have an
affect on this according to a previous study which
showed a normal serum IGF-I and IGFBP-3 level in
diabetic children younger than 6 years of age but a
lower IGF-I and IGFBP-3 in those older than 6 years
of age(16). In the present study, the mean CA was 10.8
years and they had low IGF-I and IGFBP-3 levels.
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Free IGF-I (ng/mL)
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Therefore, insulin may show different predominant
effects on IGF-I and IGFBP-3 production depending
on the CA of the patients. Relative insulin resistance
in adolescents with diabetes has already been
documented(17) and this may be one reason for
decreased IGF-I and IGFBP-3 production in older
diabetic children.

Free IGF-I, representing the active frac-
tion of IGF-I, exerts both tonic hypoglycemic effect
and stimulant DNA synthesis and its effects would
be attenuated by IGFBP-1 and IGFBP-3 administra-
tion. Cotterill et al suggested that the dawn pheno-
menon seen in adolescents with diabetes was due to
elevated IGFBP-1 and this could suppress free IGF-I
level(18) but they didn’t measure the serum free
IGF-I level. However, a previous study showed the
reduced free IGF-I level measured by IRMA in 16
children and adolescents with newly diagnosed and
untreated IDDM and this could be restored progres-
sively within 1 month(12). In the present study, the

31 control

Mean free IGF-I level at the 15t, 2nd, 3rd visit and control.

authors measured the free IGF-I in diabetic children
who had been treated with insulin for a period of
time and their levels were found to be stable and not
statistically different from the controls. This sug-
gested the adaptive mechanism in diabetic children
to maintain metabolic status and, possibly, normal
growth. This could also explain why the patients in
the present study had normal height potential when
compared to the genetic height.

Very few studies in the literature mea-
sured the IGF-II level in IDDM and the results were
not conclusive(19,20), The authors measured the
serum IGF-II at the first visit, and the result
showed that it had a significant positive correlation
with IGF-I and IGFBP-3, but it had no correlation
with IGFBP-1 and free IGF-I level. However, it was
found that there was a positive correlation between
IGF-II and HbAlc. This finding was similar to a
previous study by Hall et al which showed the
elevated IGF-II levels correlated with prevailing
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Table 1. The IGF/IGFBP levels according to HbAlc levels.
HbAlc<10 HbAlc>10

HbAlc (%) 7.1£0.4 12.8+0.4 P<0.001
Cholesterol (mg/dL) 182.146.7 215.3+8.1 P=0.005
TG (mg/dL) 98.2+13.8 120.2+16.4 P=0.6
IGF-I (ng/mL) 246.5+46.5 276.4+35.2 =0.47
IGFBP-3 (ng/mL) 2,793.2+289.7 3,528.4+212.4 P=0.024
IGFBP-1 (ng/mL) 89.5¢14.1 110.5+10.4 P=0.23
Free IGF-I (ng/mL) 0.59+0.09 0.65+0.09 P=0.87

HbA1c(21), The authors postulated that IGF-II had
no important role in controlling the growth factors
related to carbohydrate metabolism but their level
may be influenced indirectly by GH resistant which
was shown in poorly controlled diabetes mellitus.
The longitudinal data of IGF-II in IDDM may give
more conclusions.

The IGFBP-1, which had the opposite action
to that of insulin, had a high serum level in diabetic
children. Because of the high IGFBP-1 level, this
can inhibit the IGF bioactivity. The free IGF-I repre-

senting the most active biological activity of IGF-I
in the present study was lower than the normal con-
trol. Nevertheless, this was not significantly different.
This is probably due to the low level of IGFBP-3 in
diabetic children and, therefore, can increase the
free form of IGF-I. Another possibility that was not
proved in this study was due to the enhancing
IGFBP-3 protease enzyme activity and then release
of the free IGF-I as seen in other previous studies
(22), Insulin, therefore, may be one of the IGFBP-3
protease regulators. The trend of serum IGFBP-1 was
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Fig. 8.
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decreased if the HbAlc was near normal as shown at
the 3rd visit. The present study was too short to
evaluate the impact of HbAlc on the growth factors
and HbAIc was still high at the 3td visit. If HbAlc
was normalized as much as possible, there might
have been more conclusive data.

Therefore, the picture of the relationship
between insulin and IGFs/IGFBPs in IDDM chil-
dren as in Fig. 8 can be drawn. The production of
IGF-I, IGFBP-3 and, to a lesser extent, IGF-II
depends on GH and insulin status. In an insulin defi-
cient state, IGFBP-1 levels increase but IGFBP-3

levels decrease. Free IGF-I level depends on the
balance between IGFBP-1 and IGFBP-3. However,
the authors think that, IGFBP-1 production is in-
fluenced more by insulin level than IGFBP-3. There-
ore, the net result causes the low free IGF-1 and
causes poor metabolic control. IGFBP-3 protease
may be attenuated to keep the homeostasis of the
patients.
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Insulin—like Growth Factors (IGFs) u&g IGF-Binding Proteins lugiaedn
WM TuTaReBugRY

gniwed  J38ug, MRCP. (UK)*
IR ATIW, WU, MW DIUMANNAR, INL*

Insulin-like growth factor (IGF) Tneiawizneneii IGF-I uaz IGF receptor flANEINATIBARIANY insulin
Uar insulin receptor Ffumsiasuulaeae IGFs uas IGF-binding proteins (IGFBPs) anaiawanwushy
mawasuuaszauihmaluidsasssiihowmnudnedeidugdy  ausidelddnmdmanadoniuin 63
#D1 MnhammudinriaRbugiu 21 Ay AnfumsinsAedtnumuinuag 3 afdiedaiy anms
AU TERL HoATc ansspgaiudnAgIEtRIINATILINAURNATT 3 T2iU IGF-I eriin bound uat free
form fienlalsenniBinUng sEAL IGFBP-3 via 3 A% (34064305, 33764252, uay 24064247 ng/mL) RFM@n
ndinUnG (5020+415ng/mL) aeneivitdndgyaiia 7 p value Wiy 0,007, 0.002 uway < 0001 MNAWL
£oU 1GFBP-1 awitluasafl 1 uar 2 (102.1412.9 uax 114.1£14.5 ng/mL) AAgnidinunf (6014152 ng/
mL) 7 p value WnriL 0.03 uay 0.01 MNAIRU IGF-I HANNENWUBIFIWINGY IGFBP-3 (R=0.56, p=0.01) Uat free
IGF-I (R=0.53, p=001) free IGF-l fAMuENNUBTAUAL IGFBP-1 (R=-064, p=0.01) IGF-Il Winlumaiin
WMIIUATITL 1 FeNENRUBITRUALIEAL HoATc (R=—0.49, p=0.047) Minmsfinmaseil liwuauamuslan
I IGF-, IGFBP-3, free IGF-l, IGFBP-1 AU HbAlc annguuaudniulumuanugimuwugnssu
AnzRTEAAIEAY free IGF-1 ARauUndludnum uiunanngaesinin IGFBP-1 uas IGFBP-3 7
nitvnein IGF-1 tialimsyneessremeadiuiulasuni

Mfdy ¢ Bugdu-lad Inaviunaead-l, dugdu-lad Inaviuwawai-I, dugdu-lad Inaviunawafodindase,
Bugdu-lad Tnaviuawmad toflusiu-1, dugdu-lad Inaviuwawas vedlusbiu-3, Tsa
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W neiiaNugiu

qrwed Jsiug @nd AiRn, gmn pjumesens
saanmvmmauwng 4 2545; 85 41-52
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