Diabetologia (1989) 32: 753-758

Diabetologia

© Springer-Verlag 1989

Circulating insulin-like growth factor I in Type 1 (insulin-dependent)

diabetic patients with retinopathy

P.Arner'3, S.Sjoberg!, M. Gjétterberg? and A. Skottner*

Departments of ! Medicine and 2 Ophthalmology and the 3 Research Center, Karolinska Institute, Huddinge Hospital and

4 Kabi Vitrum Ltd, Stockholm, Sweden

Summary. The relationship between insulin-like growth fac-
tor I (IGFI) and diabetic retinopathy was investigated. This
somatomedin circulates bound to at least two large carrier
proteins with molecular weights of approximately 150,000 and
35,000. Total and protein binding profiles of insulin-like
growth factor I were determined in the serum of 18 patients
who had had Typel (insulin-dependent) diabetes for
15-20 years, but had no signs of nephropathy and a similar de-
gree of mild subclinical neuropathy. Nine had preproliferative
or proliferative retinopathy and 9 had little or no background
retinopathy but there was no difference in diabetes duration,
insulin doses or glycaemic control between the two groups. In
the latter group, the amounts of the somatomedin I and the
serum profiles were similar to those in 9 healthy control sub-
jects. In patients with advanced retinopathy, however, binding
of insulin-like growth factor I to the carrier proteins was sig-
nificantly altered. Binding to the low molecular weight protein

increased to 140% whereas binding to the large molecular
weight protein decreased to 70% of the normal level. In the
latter Type 1 diabetic patients total serum insulin-like growth
factor I was decreased to 60% of the normal level (p<0.02).
When the alteration in serum profile was adjusted for, the
level of somatomedin associated with the small carrier com-
plex was normal whereas that associated with the large carrier
complex was reduced by almost 60% in Type 1 diabetic pa-
tients with retinopathy. It is proposed that the total circulating
somatomedin level is low in advanced diabetic retinopathy.
Furthermore, changes in the carrier binding of insulin-like
growth factor I rather than in the total circulating level of the
somatomedin may be involved in diabetic retinopathy.

Key words: Somatomedin; carrier protein, diabetes complica-
tions.

Proliferative retinopathy is a major problem in the man-
agement of Type 1 (insulin-dependent) diabetes melli-
tus, since bleeding from newly-formed retinal vessels
into the vitreous may cause severe impairment of vision.
The pathophysiology of diabetic retinopathy is largely
unknown, but it was frequently been proposed that
growth hormone plays a role.

Several effects which have previously been attributed
to growth hormone are now considered to be mediated
by secondary growth factors or somatomedins, such as
the insulin-like growth factors I and II (IGF I, IGF II).
The results of studies of both these growth factors in
diabetes patients with retinopathy have been conflicting.
Although there seems to be no association between cir-
culating IGF II and diabetic retinopathy [1], both in-
creased [1, 2] and normal [3-5] serum levels of IGF T have
been found in some diabetic patients with exudative or
proliferative retinopathy. In the previous studies, how-
ever, only the total levels of circulating IGF I were deter-

mined [1-5]. Somatomedins are unigue among polypep-
tide hormones and parahormones since only a small free
fraction is present in the circulation; most are bound to
carrier proteins in the blood [6]. Two different IGF I-pro-
tein binding complexes have been identified in human
serum [6]. A large molecular complex with molecular
weight about 150 kilodaltons (150 Kd) is formed by the
binding of IGF to a large acid-sensitive protein com-
posed of subunits. A smaller complex (about 40 Kd) is
formed by IGF and an acid-stable carrier protein. These
circulating complexes appear to function as a reservoir
for somatomedins, since they are not stored in other tis-
sues [6]. Recent studies of the IGF-carrier protein com-
plexes reveal that they are under physiological control
which ultimately aims at delivering IGF to its specific
target cells [6, 7]. The 40 Kd-IGF I complex may be of
particular importance for diabetic retinopathy. This
complex, but not the 150 Kd complex, is present in the
vitreous [8].
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In the present study we examined the serum bind-
ing profiles as well as the total circulating IGF 1 in pa-
tients with a 15-20-year history of Type 1 diabetes. At
this time the maximum incidence of advanced ret-
inopathy usually occurs [9]. Evidence is available for
demonstrating a relationship between this eye compli-
cation and alterations in the IGF I-carrier protein com-
plexes.

Subjects and methods

Study population. The study comprised of 9 healthy drug-free control
subjects and 25 patients with insulin-treated Type 1 diabetes. The
groups were matched for age, sex and body weight. The diabetic pa-
tients were matched for insulin doses, glycaemic control and duration
of the disease. The duration of diabetes ranged from 15 to 20 years.
There were no symptoms of nephropathy or neuropathy in any of the
patients. None of the Type 1 diabetic patients had residual insulin
production, as evidenced by the absence of detectable levels of C-pep-
tide in the urine. All of them injected medium-acting insulin (once or
twice daily) and short-acting insulin (one to three times a day). All
Type 1 diabetic patients were otherwise healthy and drug-free. All of
them had normal blood pressure. After breakfast, between 09.00 and
10.00 hours, a venous blood sample was taken for determinations of
serum creatinine, HbAj; and IGF 1. The study was approved by the
Huddinge Hospital’s Ethics Committee.

Ophthalmological examination. Each Typel diabetic patient was
examined with ophthalmoscopy, biomicroscopy and fluoroscein an-
giography. A score for retinopathy findings based on these investiga-
tions, which has previously been described in detail [10], was used for
the diagnosis and qualitative evaluation of diabetic retinopathy. The
Type 1 diabetic patients were placed in the following groups ac-
cording to their total score. Score0=no signs of retinopathy,
score 1-3=minimal background retinopathy, score 4-15==definite
retinopathy but no signs of proliferations, score 16=proliferative
retinopathy.

After the ophthalmological examination all Type 1 diabetic pa-
tients underwent nephrological and neurological examinations (see
below). All patients with disturbed kidney function (significant micro-
albuminuria and/or abnormally low chromium - EDTA clearance)
were excluded from the study, since it is well established that the cir-
culating somatomedin level is dependent upon kidney function [7]. Of
the remaining patients nine scoring 0-3 formed one group. Seven
Type 1 diabetic patients scoring [5-8] points each (preproliferative ret-
inopathy) plus two Type 1 diabetic patients with proliferative reti-
nopathy formed a second group.

Nephrological and neurological examinations. Microalbuminuria was
determined by the hospital’s routine chemistry laboratory on 24-h
urine samples. A value above 1.2 mg/h was considered to be signifi-
cant albuminuria. Chromium-EDTA clearance was performed by
the hospital’s routine physiological laboratory. A value below
82 ml-min—1-1.73 m2” was considered to be pathological.

The neurophysiological examination was done at the hospital’s
routine neurophysiological laboratory. Electroneurography was per-
formed on the median, peroneal and sural nerves on one side. On the
basis of these nerve conduction parameters a neuropathy index was
calculated as described previously in detail [10}. A significant devia-
tion from normal corresponds to an index of £0.63.

Serum binding profiles of IGF 1. Recombinant human IGFI pro-
duced in yeast from Kabi Vitrum AB (Stockholm, Sweden) was la-
belled with 2%iodine (*%I) by the lactoperoxidase method [11]. The
tracer was purified on an ion exchange column [12]. Approximately
70,000 cpm of the iodinated IGF I in a total volume of 1 ml Tris HCI
(0.05 mol/1) was added to 1 ml of the serum sample and incubated
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overnight at +4°C. Previous methodological experiments showed
that equilibrium between 125T-IGF I and serum was reached after 5 h
of incubation under the present conditions. After the incubation the
sample (total volume 2 ml) was gel-filtered on a calibrated Sephadex
G200 column (K16/100, Pharmacia AB, Uppsala, Sweden), equili-
brated in Tris HCL (0.05 mol/1, pH 7.5). The dimension of the col-
umn was 0.1 x0.016 m. Elution was performed at a flow rate of
8 ml/h, and 1 ml fractions were collected and counted in a gamma-
counter (LKB-Clini Gamma, Helsinki, Finland). Counts were
plotted against the fractions to obtain a serum-binding profile of
each serum sample. Three peaks of radioactivity were always ob-
tained, corresponding to molecular weights of 150 Kd, 40 Kd and
7 Kd, respectively. This corresponded to the circulating forms of
IGF I (bound to the large and small carrier protein, respectively, and
the free fraction) [6). The same column was used for all experiments.
The recovery of added ’I.IGFI was 85-90% in all experiments.
The serum samples were grouped in series of 3 including one sample
from each study group, and the series were run consecutively. The
source of the sample was unknown to the person performing the
analyses.

Radioimmunoassay of IGF 1. The determination of total circulating
IGFI was performed with radioimmunoassay of serum samples
using a antibody technique, essentially as described by Furlanetto et
al. [13]. The serum samples were subjected to acid-ethanol extraction
[14] prior to the assay. This destroys the large carrier protein and
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Fig.1. Individual values for total serum insulin-like growth factor1
determined with radioimmunoassay. I=control subjects, II="Type 1
(insulin-dependent) diabetic patients with little or no background ret-
inopathy. III="Type 1 diabetic patients with advanced retinopathy.
The horizontal lines indicate the mean value in each group. The
square indicates +2 SD of the mean in group 1
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Table 1. Clinical data in control subjects and Type 1 (insulin-dependent) diabetic patients

Male/ Age Body mass  Diabetes  Neuropathy Insulin Micro- Serum Chromium- HbA1c  Retinopathy
Female (years) index duration  index (U/day) albumin- creatinine EDTA (%) score, points
(kg/m?) (years) uria (umol/1) clearance
(mg/h) (ml- m12n_ 1
173 m” )

Control
Subjects 5/4 34+3  248x06 78+4 42+0
Type 1
diabetic patients
with little or no
retinopathy 4/5 34+2 242+05 16+3 0.86+0.09 51+4 04+0.1 82+8 106£5 78+05 13+0.3
Type 1
diabetic patients
with advanced
retinopathy 5/4 33+3 247+038 17£2 0.86+0.10 52+5 0.5+0.1 80+7 102£5 80+£08 9.7+16

Values are means+ SEM. Serum creatinine, HbA . chromium-EDTA clearance and microalbminuria were determined by the routine laboratory

procedures

completely dissociates IGF [ from this protein. The polyclonal rabbit
antibody (K 624) is highly specific for IGF I. Cross-reactivity with
IGFII is <5%, and there is no cross-reactivity with insulin, proin-
sulin or relaxin [15]. The association constant (Ka) was calculated
[16] and found to be 1.49 x 101°1/mol. This is about 10 times higher
than the reported Ka value for binding IGF I to the small carrier
protein [17]. Thus, we have no evidence that binding of IGF I to the
small molecular weight carrier protein influences the radioimmu-
noassay. The reference standard used was synthetic unlabelled
IGF 1, kindly provided by Sumitomo Pharmaceuticals Co, Osaka,
Japan. The samples were grouped and analysed in the same way as
the serum-binding profiles.

Statistical analysis

The values presented are means + SEM. The Student’s unpaired rtest
and linear regression analysis were used for statistical evaulation of
the results.

Results

Table 1 shows that the two Type 1 diabetic groups were
indeed well matched for age, sex, body-weight, diabetes
duration, insulin doses. All Type 1 diabetic patients had
normal kidney function and Table 1 also shows almost
identical values for the two Type1 diabetic groups
regarding microalbuminuria, chromium-EDTA and
serum creatinine (all values were normal in all patients).
All these factors may influence IGF I and/or the devel-
opment of retinopathy. Both Type 1 diabetic groups
were under average glycaemic control, as evidenced by
the HbA,, values. All but five Type 1 diabetic patients
had slight evidence of subclinical polyneuropathy
(score from —0.73 to —1.68). However, the mean neu-
ropathy score value (sligtly elevated) was identical in
Type 1 diabetic patients with or without advanced ret-
inopathy (Table 1).

The individual values for total circulating IGF I in
the three study groups are shown in Figure1. The
values in the control subjects and diabetic patients with

little or no background retinopathy were almost identi-
cal. However, the values in the group with advanced ret-
inopathy were markedly lower than those in the other
two groups (p< 0.01). All but one of the Type 1 diabetic
patients with advanced retinopathy had a total IGF1
value that was below 2 SD of the mean value for the
control group, whereas all but one of the Type1
diabetic patients with little if any retinopathy had
values within this range.
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Fig.2. Serum profiles of insulin-like growth factor I (IGF I) showing
carrier-bound and “free” IGF 1. After equilibrium with radioactive
IGF 1, serum samples were separated by gel-filtration. The elution
pattern of radioactivity in serum from one representative patient in
each group described in Figure 1 is shown. I =open circles; 1T =filled
triangles; I11=filled circles. The molecular weight (kilodaltons = KID)
of each elution peak is indicated in the graph
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Fig.3. Distribution of radioactive carrier bound and "free” insulin-
like growth factor I in serum of control subjects (I), Type 1 (insulin-
dependent) diabetic patients with little or no background retinopathy
(IT), and Type 1 diabetic patients with retinopathy (III). The area
under the elution peaks 7 kilodaltons (KD), 40 KD and 150 KD
showing in Figure 2 was calculated for each individual as percent of
the total area of radioactivity. Values are means = SEM. An asterix
denotes that values for group III differ significantly from the other
two groups (p<0.005)

The serum profiles of one representative subject in
each group are shown in Figure 2. The control subject
and the Type 1 diabetic patient with little or no reti-
nopathy showed an almost identical elution pattern of
radioactive IGFI. A much larger 150 Kd than 40 Kd
peak and a very small 7 Kd (representing “free” IGF I)
was found. In contrast, the elution pattern in a Type 1
diabetic patient with advanced retinopathy showed a
much larger 40 Kd than 150 Kd peak and a very small
7 Kd peak.

The results of the calculations of the areas under the
peaks following gel-filtration are depicted in Figure 3.
About 8-10% of the radioactivity was eluted as 7 Kd
IGF I in the three groups. It should be noted that some
of this radioactivity may represent fragments of labelled
IGF I that is eluted together with “free” IGF L. The dis-
tribution of radioactivity between 40 Kd and 150 Kd
was identical in control subjects and in Type 1 diabetic
patients with little or no retinopathy. In the advanced
retinopathy group, on the other hand, the 40 Kd frac-
tion showed a 40% increase (p< 0.005) and the 150 Kd
fraction showed a 30% decrease (p<0.005) as com-
pared to the other two groups.

The results in Figures 2 and 3 were combined in
order to estimate how much IGF I that was bound to
each carrier complex. IGF I associated with the small
carrier protein was similar in the normal and the ad-
vanced retinopathy group, 127 and 112 pg/1, respective-
ly. In the latter group however, the level of IGF I asso-
ciated with the large carrier protein was about 40% of
that of the normal group, 75 and 174 ug/1, respectively.

A correlation analysis of HbA. vs total or carrier-
bound IGFI was performed (figure not shown).
Neither in the three groups nor in the total material was
there any correlation between these parameters
(r<0.2).
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Discussion

This study, in contrast to previous ones, shows de-
creased total circulating levels of IGFI in Type1l
diabetic patients with advanced retinopathy. Previous
investigators have found increased [1, 2] or normal [3,
5] levels in patients with diabetic retinopathy. How-
ever, the difference between present and previous re-
sults may be more apparent than real. We have investi-
gated well-defined cases of retinopathy; in several of
the earlier studies, patients with large variations in the
clinical presentation of diabetes were mixed together.
Furthermore, variations in glycaemic control and kid-
ney function or in the duration of diabetes, which may
influence circulating IGFI [7, 18, 19] have not been
taken into account in previous studies but were well
controlled in this study. In fact, we found normal total
IGF1I in Type 1 diabetic patients who had little or no
background diabetic retinopathy but who had a dura-
tion of diabetes and glycaemic control almost identical
to that in the advanced retinopathy group. Further-
more, kidney function was normal in all Type1l
diabetic patients. The differences between the present
and the previous results may also have methodological
explanations. The bioassays or radioimmunoassays
used previously [1-5] may not have detected all the cir-
culating IGF L. The bioassays may be influenced by in-
hibitors in serum. Most radioimmunoassays including
our method can measure only IGF I that has been dis-
sociated from the carrier protein. However, in our
radioommunoassay the large carrier protein was inacti-
vated and the affinity of IGFI to our antibody ex-
ceeded that to the small carrier protein. Therefore, it is
not likely that significant amounts of IGF I remained
bound to the carrier protein in the radioimmunoassay.
Thus, we have no indication that the carrier proteins
influenced our results. The present data suggest, there-
fore, that the total circulating level of IGFI is de-
pressed in Type 1 diabetic patients with advanced reti-
nopathy; this is not due to the duration of diabetes,
disturbed kidney function or to the glycaemic control.
Thus, the notion that an increase in the total circulating
IGF1 is associated with diabetes retinopathy must be
reevaluated. However, it is possible that local tissue
levels of IGFI (such as in the eye) may be elevated
in advanced retinopathy, since low circulating IGF I
may by feedback regulation induce hypersecretion of
growth hormone which can have local paracrine IGF I
effects.

From the results of the serum profile it is feasible for
the first time to evaluate the binding of IGF I to its car-
rier proteins in diabetic retinopathy. By using the serum
profiles we were able to compare changes in the binding
protein complexes that may occur in the different indi-
viduals. The Type1 diabetic patients with advanced
retinopathy had marked aberrations in the relative pro-
portions of IGF I that bound to the two macromolecu-
lar complexes. Binding to the low molecular weight
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form (40 Kd) was increased by about 40% and binding
to the high molecular weight form (150 Kd) was re-
duced by approximately 30%. It is not likely that gel-fil-
tration distribution of '*’I-IGF 1 is different from the
distribution of endogenous IGF I in serum. The latter
may occur if the binding reaction has not reached
equilibrium [13]. However, methodological experiments
showed that equilibrium had been reached in the pres-
ent study.

The mechanisms behind the altered relationship be-
tween the two macromolecular complexes in advanced
retinopathy are not known. It is, however, possible that
changes in the production and degradation of the dif-
ferent somatomedin carrier proteins are involved. Re-
cent studies have shown altered levels of these proteins
in Type 1 diabetes [20-22]. Alternatively, the binding
reactions between IGFI and the carrier proteins may
be altered in advanced retinopathy. It is also possible
that the changes in total IGFI and the large carrier
protein are directly interrelated. For example the
40 Kd complex is increased in diabetes [22] and the
150 Kd complex is known to decrease in all situations
in which IGF I levels are low such as growth hormone
defiency, insulin lack and nutrition deficiency [6, 7]. It
should, however, be made clear that the interpretation
of serum profiles of IGF I is dependent upon the levels
of the two binding proteins (which were not mea-
sured).

We have also tried to estimate the absolute levels of
the two macromolecule somatomedin complexes. This
was done by combining the results with radioimmu-
noassay and gel-filtration (bearing in mind all methodo-
logical problems associated with such calculations).
The level of IGF I associated with the 40 Kd complex
was in the same range in all 3 groups (110-130 pg/1),
whereas the level associated with the large complex was
60% reduced in advanced retinopathy. It seems there-
fore safe to conclude that the serum levels of the 150 Kd
somatomedin complex are decreased in diabetic pa-
tients with advanced retinopathy.

In theory, the observed abnormality of the level of
the circulating 150 Kd IGF complex (and maybe also
the 40 Kd complex) in advanced diabetes retinopathy
may be associated with factors other than the eye com-
plication. For many reasons, however, this seems un-
likely. First, the retinopathy was the sole overt compli-
cation of diabetes in our patients. There was a similar
mild degree of subclinical neuropathy in both Type 1
diabetic groups and all the investigated Type 1 diabetes
patients had normal microalbuminuria and chromium-
EDTA clearance. Secondly, Type 1 diabetic patients
with fewer, if any retinal changes had a completely nor-
mal distribution of the circulating IGFI complexes.
Thirdly, factors such as age, insulin doses, diabetes du-
ration and glucose control, which may influence car-
rier-bound IGF I, could be ruled out since the two
Type 1 diabetic groups were closely matched for these
factors.

757

It is not known whether the observed aberrations in
the circulating IGF I have a primary or a secondary as-
sociation with retinopathy. Such questions can be
answered only by future prospective studies. Previous
studies have focused on an overall increase in the gener-
ation of somatomedins. The present results apparently
exclude such a role of IGF I in retinopathy (although
effects of local overproduction of IGF cannot be ex-
cluded). Furthermore, our data suggest that changes in
the two circulating IGF I - carrier protein complexes
rather than in total circulating IGF I may be involved in
diabetic retinopathy. It seems that this eye complication
is associated with low levels of the 150 Kd complex and
normal or elevated levels of the 40 Kd complex. At
present we have no explanation at the molecular level
how the somatomedin carrier proteins contribute to the
complications of diabetes. Hypothetically, a relative in-
crease in the circulating 40 Kd complex of IGF I may
play a role in the development of proliferative retinop-
athy. Only this protein complex (and not the 150 Kd
complex) has been found in the vitreous of eyes from
patients with proliferative diabetic retinopathy [8]. Fur-
thermore, it has been shown in vitro that the small bind-
ing protein can act as a catalyst and enhance the prolif-
erative effect of IGF I [23].
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