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Abstract

Basic fibroblast growth factor (bFGF) is a potent endothelial cell mitogen that does not normally circulate. Yet plasma bFGF-like
bioactivity was increased in association with persistent microalbuminuria and retinopathy in adult type 2 diabetes mellitus. In the present
study, we tested whether plasma bFGF immunoreactivity (IR) could predict the need for laser treatment of diabetic retinopathy in a baseline
subset of advanced type 2 diabetes mellitus from the Veterans Affairs Diabetes Trial (mean: age, 59 years; diabetes duration, 11 years;
baseline glycosylated hemoglobin, 9.5%). Plasma bFGF-IR was determined with a sensitive and specific 2-site enzyme-linked immunoassay
in 172 patients at the baseline visit. Results were dichotomized at 4.5 pg/mL, the upper limit in healthy men. There was an unexpected
significant association between low baseline plasma bFGF-IR level and the interim (4 years) need for laser treatment. First laser treatment
was significantly more likely to be required in patients with low compared with high baseline bFGF (19% vs 6%, P = .03 for the difference).
After adjusting for clinical risk factors, low vs high bFGF (hazard ratio [HR], 5.01; P = .012), duration of diabetes (HR, 1.05; P =.050), and
low-density lipoprotein cholesterol concentration (HR, 0.98; P = .027) were all significantly associated with time to first laser occurrence.
These and our prior results suggest that low plasma bFGF-IR may be a marker for the presence of anti—endothelial cell autoantibodies that

may contribute to the need for laser photocoagulation treatment in adult men with advanced type 2 diabetes mellitus.

Published by Elsevier Inc.

1. Introduction

Diabetic retinopathy is a significant cause of morbidity
related to visual impairment and new blindness in adults in
the United States [1]. Long duration of diabetes, poor
glycemic control, and albuminuria are among the clinical
risk factors associated with an increased risk for diabetic
retinopathy [1,2]. Angiogenic growth factors play a role in
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diabetic retinopathy by increasing vascular permeability and
inducing new blood vessel growth [3-6]. Basic fibroblast
growth factor (bFGF) is one of the most potent known
angiogenesis factors [7-9]. Basic FGF does not normally
circulate [10], but increases in diabetic subjects with
persistent micro- or albuminuria [11]. Because of a
particularly strong association between albuminuria and
vision-threatening diabetic macular edema [1], in the present
study, we tested for an association between baseline plasma
bFGF and postbaseline laser photocoagulation occurrence in
adults with long-standing type 2 diabetes mellitus from the
Veterans Affairs Diabetes Trial (VADT).

Veterans Affairs Diabetes Trial is a large clinical trial in
adult patients with type 2 diabetes mellitus randomized to
standard or intensive glycemic control [12]. We now report a
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novel, significant association between low plasma bFGF
immunoreactivity (IR) and the need for laser photocoagula-
tion during 4 to 6 years of follow-up in a VADT subset of 172
subjects. These results suggest that low plasma bFGF-IR
may be a novel risk marker for vision-threatening retinal
pathology in older adult male patients with advanced type 2
diabetes mellitus.

2. Subjects and methods
2.1. Study subjects

Informed consent for the Investigational Review Board—
approved substudy was obtained from 172 diabetic subjects
at 5 outpatient sites who had consented to participate in the
main VADT. Ethylenediaminetetraacetic acid (EDTA)
plasma was then drawn in the morning after an overnight
fast at each site. Plasma was aliquoted and shipped frozen
(dry ice) to a central laboratory (Maveric, Boston Veterans
Affairs Medical Center, Boston, MA) where it was
inventoried and stored at —80°C for 1 to 2 years. Archived,
coded, and frozen EDTA plasma from consecutively
enrolled patients was shipped to the laboratory of
Dr Zimering (Veterans Affairs New Jersey Health Care
System, Lyons, NJ) where bFGF-IR assays were performed.
All other assays were performed in the Central Laboratory of
the VADT (Tufts University, Boston, MA).

Baseline clinical characteristics are shown in Table 1. All
subjects were older than 40 years. Ninety-seven percent of
patients were men.

2.2. Medications

All patients were taking antidiabetic medications at
baseline including oral agents and/or insulin. Patients
randomized to the standard or intensive glycemic treatment
group were treated for at least 5 years (and some up to
7 years) with the same classes of medications including the
thiazolidinedione rosiglitazone. Baseline antihypertensive
medication use included angiotensin-converting enzyme
(ACE) inhibitors in 67% of patients and angiotensin
receptor blockers (ARBs) in an additional 7% of patients,
indicative of a high proportion of patients with a history of
persistent microalbuminuria.

Table 1
Baseline characteristics in study subjects

Mean + SD
Age (y) 59.2 + 8.4
BMI (kg/m?) 314+47
Diabetes duration (y) 11.4 £ 8.1
HbA,. (%) 95+14
Systolic BP (mm Hg) 130.2 £ 179
Diastolic BP (mm Hg) 74.2 £ 10.8
ACR (mg/g) 151 £491
LDL cholesterol (mg/dL) 104 + 32

BP indicates blood pressure; ACR, urine albumin-creatinine ratio.

2.3. Laser photocoagulation

Information regarding laser photocoagulation for retino-
pathy was obtained from questionnaires administered at the
baseline and each annual visit. Baseline determination of
plasma bFGF-IR (at Veterans Affairs New Jersey) was masked
to the information about laser photocoagulation occurrence.

The risk factors associated with time to first laser
treatment were modeled in 156 subjects in whom postbase-
line data about laser occurrence were available between the
second and sixth postbaseline annual visits. Laser events
occurring during the first year of study follow-up were
censored to minimize the effect of detection bias on time to
first laser occurrence.

2.4. Baseline fundus photographs

Baseline fundus photographs were obtained in all
patients. The photographs were evaluated at the Central
Fundus Photography Reading Center, University of Wis-
consin, Madison, WI. The frequencies of no retinopathy,
microaneurysms, and mild nonproliferative and severe
nonproliferative and proliferative retinopathy were 29%,
18%, 29%, 17%, and 7%, respectively. Macular edema was
present in 16 of 156 patients (10.3%) in whom it could be
assessed from photographs.

2.5. Laboratory and clinical measures

Urinary microalbumin, plasma glycosylated hemoglobin
(HbA,.), and urine creatinine were determined by standard
methods as previously described [12]. Urinary albumin-
creatinine ratio was calculated as albumin concentration/
creatinine concentration X 100. Plasma total cholesterol,
triglycerides, and high-density lipoprotein cholesterol were
determined by standardized direct enzymatic assay methods
as previously reported [12]. Low-density lipoprotein (LDL)
cholesterol was calculated using the Friedenwald equation
on all samples with plasma triglyceride concentration less
than 400 mg/dL. Blood pressure was recorded in the seated
position after 5S-minute rest. Three consecutive readings were
obtained, and the median value of the 3 consecutive
determinations was used for analysis.

2.6. Plasma samples

Archived, coded EDTA plasma samples were kept frozen
(—40°C) for 1 to 2 years before assay for bFGF-IR. Plasma
bFGF-IR and bFGF-like bioactivity were previously shown
to be stable for 5 years or longer at —20°C, and for up to 3
freeze-thaw cycles [11].

2.7. Basic FGF assays

Basic FGF-IR in plasma was determined using a sensitive
specific 2-site enzyme-linked immunoassay (R&D Systems,
Minneapolis, MN).

The mean minimal detectable dose of FGF-2 was
0.5 pg/mL (n = 9 assays). The method was linear between
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0.5 and 64 pg/mL. The average correlation coefficient for
the runs was 0.99. The intraassay coefficients of variation
for low- and high-dose calibration standards or human
diabetic plasma samples were less than or equal to 8%; the
interassay coefficient of variation(s) for patient samples or
calibration standards ranged from 10% to 14%. Recovery
of bFGF-IR in diluted (1:2) samples of normal human
plasma ranged from 108% to 123%. The dilution curves of
patient plasma samples were parallel to the standard curve.
Acidic FGF, FGF-4 (hst), FGF-5, and FGF-6 did not cross-
react in the assay. In prior studies that used the same bFGF-
IR assay method, mean serum bFGF-IR in 15 healthy
subjects (men and women, ranging from 39-74 years old)
was 0.9 pg/mL (range, 0-4 pg/mL) [13].

Plasma bFGF-IR in 43 healthy male blood donors, aged
21 to 63 years, ranged from 0 to 4 pg/mL; and there was no
effect of age on plasma bFGF level [14].

2.8. Cut point for “low” vs “high” bFGF-IR

We dichotomized around the value of 4.5 pg/mL, the
previously reported upper limit in healthy adult men [14].

2.9. Statistics

Basic FGF-IR values were not normally distributed. The
Wilcoxon rank sum test was used for group comparisons of
bFGF-IR (Table 2), and the correlations reported are
Spearman correlation coefficients. Cox proportional hazards
regression analysis was used to model baseline risk factors
associated with time to first postbaseline laser treatment.
Modeling was performed with a set of clinical risk variables
(age, diabetes duration, low vs high bFGF, history of
hypertension, LDL cholesterol concentration, baseline
HbA,.) that was based upon published literature [15,16]
and is known or likely to be associated with retinopathy or
laser treatment. Backward elimination was used to obtain the
best fit model using an o level not exceeding .05 as the cutoff
for variable inclusion in the final model. Excluded variables
with P values greater than .20 included age, history of
hypertension, baseline HbA ., insulin use, ACE inhibitor use,
and ARB use. Other excluded variables (LDL cholesterol
concentration, glycemic treatment arm [standard or inten-
sive], and duration of diabetes) had P values equal to .06.

Table 2
Correlations of baseline risk factors with plasma bFGF-IR
Spearman correlation P value
coefficient
Age 0.04 .61
BMI —-0.04 .63
Diabetes duration —-0.01 .86
Systolic BP —-0.01 .87
HbA,. -0.14 07
LDL cholesterol —-0.08 34
ACR 0.01 .88
Waist-hip ratio 0.23 .003

LDL indicates low-density lipoprotein.

2.10. Protein A affinity chromatography

Protein A affinity chromatography was carried out as
previously described [17]. Four-tenths—milliliter aliquots of
plasma were adjusted to pH 8.0 by adding 0.8 mL 100 mmol/
L Tris (pH 8). After syringe filtration to clarify samples, 1
mL was applied to a I-mL column of packed protein A beads
(Pierce Chemical, Rockford, IL) equilibrated in 100 mmol/L
Tris (pH 8.0). The column was washed and eluted as
previously described [17]. The eluate fractions containing
nearly all the recovered protein were pH neutralized and
stored at 0°C to 4°C. Inhibitory activity in protein A eluate
fractions was unchanged, appearing in the retentate fraction
after dialysis (10 mmol/L phosphate, pH 7.4) and ultrafiltra-
tion on a 10-kd cutoff membrane (Centricon-10; Millipore,
Bedford, MA). All fractions were sterile filtered (Millipore,
0.2 um) before assay for growth-promoting activity.

2.11. Cell culture and growth assays

Bovine pulmonary artery endothelial cells (Clonetics, San
Diego, CA) were maintained at 37°C in 5% CO,/95% air in
endothelial cell growth medium (Clonetics) plus 10% fetal
bovine serum. Bovine pulmonary artery cells were passaged
continuously and used between passages 4 and 10.

2.12. Colorimetric estimation of endothelial cell number

Colorimetric estimation of cell number was carried out as
previously reported [17]. Confluent cells were trypsinized
and plated at 10° to 10* cells per well in medium 199 plus
10% fetal calf serum in 96-well plates. After up to 4 days of
incubation for cells to reach 60% to 80% confluency, test
fractions (1:50 dilution of protein A eluates of plasma) were
added to wells in quadruplicate. After 2 days of incubation in
the presence of test fractions, cells were washed with
phosphate-buffered saline and processed for the colorimetric
estimation of cell number, that is, cell-associated acid
phosphatase activity, as previously described [17]. There
was a linear relationship between endothelial cell number
and optical density at 410 nm as previously described [17].
Growth-promoting activity is expressed as a percentage of
the control cell number for cells grown in the absence of test
protein A eluate fractions. Each point represents the mean of
quadruplicate determinations. The intra- and interassay
coefficients of variation were 4% and 7% at 1:50 dilution
of protein A—ecluted fractions from plasma of 3 diabetic
subjects (n = 3 assays in each patient).

2.13. Heparin Sepharose affinity chromatography

Heparin affinity chromatography was performed on
protein A eluates from diabetic plasma that had been
adjusted to pH 7.4 as previously described [18]. After
applying the protein A eluate (starting material), the column
was washed extensively with starting buffer containing
10 mmol/L phosphate and 0 mol/L NaCL (pH 7.4) and then
eluted stepwise with 2 column volumes each of 0.1, 0.5, 1,
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and 2 mol/L NaCL. The flow through (FT) and eluate
fractions were assayed in quadruplicate for growth promo-
tion in endothelial cells.

3. Results

3.1. Relation of bFGF-IR to baseline characteristics

There was no association between plasma bFGF-IR and
patient age, body mass index (BMI), diabetes duration,
systolic blood pressure, urine albumin-creatinine ratio, or
serum LDL cholesterol concentration (Table 2). There was a
marginal (P = .07) inverse association between plasma
bFGF-IR and baseline HbA;. (Table 2). There was a
significant association between plasma bFGF and waist-hip
ratio (P = .003, Table 2). High plasma bFGF was
significantly associated with baseline thiazide diuretic use
(P = .01, Table 3). There was no significant association
between low bFGF and any other categorical risk factor
shown in Table 3 including various classes of antidiabetic or
antihypertensive medication use.

Table 3
Associations between low vs high bFGF and baseline categorical risk factors
Variable bFGF bFGF P value®
<44 >4.5
Demographics
Male 97.8 96.3 .58
Hispanic 13.3 22.0 .14
Non-Hispanic white 62.2 63.4 .87
African American 233 13.4 .10
Current smoker 15.6 19.5 49
Baseline medications
B-Blocker 13.3 8.5 32
ACE inhibitor 68.9 67.1 .80
ARB 8.9 49 .30
Calcium channel antagonist 222 18.3 52
Thiazide diuretic 10.0 25.6 .01
Statin 66.7 61.0 A4
Fibrate 14.4 23.2 .14
Thiazolidinedione 222 18.3 52
Insulin 46.7 46.3 97
Sulfonylurea 64.4 63.4 .89
Metformin 76.7 75.6 .87
Thyroid hormone 6.7 6.1 .88
History
Hypertension 68.2 77.2 .19
Myocardial infarction 10.23 16.5 23
Coronary revascularization 233 134 .10
Any macrovascular event 40.9 342 37
(MI, CABG, angina, stroke, PVD)

Albuminuria (ACR)

Macro >300 mg/g 9.2 10.1 .89

Micro 30-299 mg/g 26.4 29.1

Normo < 30 mg/g 64.4 60.8

Table 4

Cumulative first laser treatment for low- and high-bFGF group
Maximum Total first laser event P
years of Low bFGF High bFGF value
follow-up

4 16 (19) 4 (6) .03

5 18 (21) 6 (8) .055
6 18 (21) 7 (10) .056

Results are number (percentage) of patients affected.
? Log-rank test.

3.2. Time to first laser occurrence

Over 4 years of study treatment, first laser treatment was
significantly more likely to be required in patients with low
compared with high baseline bFGF (19% vs 6%, P = .03 for the
difference, Table 4). Extending the possible follow-up time to 5
years, first laser treatment was marginally significantly more
likely to be needed in patients with low compared with high
baseline bFGF (21% vs 8%, P = .055, Table 4). The best fit
model of risk factors associated with the time to first laser
treatment during 4 years of follow-up included as significant
predictors the following: bFGF (low vs high) (hazard ratio [HR],
5.01; P =.012), duration of diabetes (HR, 1.05; P = .050), and
LDL cholesterol concentration (HR, 0.98; P =.027) (Table 5).
The same variables, bFGF (low vs high) (HR, 3.49; P = .016),
duration of diabetes (HR, 1.06; P =.009), and LDL cholesterol
concentration (HR, 0.98; P = .023) (Table 5), also were
significantly associated with time to first laser after up to 5 years
of study treatment. In Cox proportional hazards regression
models that adjusted for diabetes treatment group, ACE
inhibitor, ARB use, or insulin treatment, bFGF (low vs high)
(HR, 4.08; P = .025) was the only variable significantly
associated with time to first laser after 4 years of study treatment.

3.3. Lack of association between plasma bFGF and baseline
retinopathy stage

There was no significant association between low baseline
bFGF and baseline retinopathy stage or the baseline presence
or absence of macular edema (Table 6). In Cox proportional
hazards regression models that adjusted for baseline

Table 5

Cox proportional hazard regression models of time to first laser occurrence
Variable HR 95% CI P value
4 y postbaseline

Plasma bFGF-IR (low vs high) 5.01 1.43-17.46 .012
Diabetes duration 1.05 1.00-2.72 .050
LDL cholesterol 0.98 0.97-1.00 .027

5 y postbaseline

Plasma bFGF-IR (low vs high) 3.49 1.26-9.58 .016
Diabetes duration 1.06 1.01-1.10 .009
LDL cholesterol 0.98 0.97-1.00 .023

Results are percentage of patients. MI indicates myocardial infarction;
CABG, coronary artery bypass graft; PVD, peripheral vascular disease.
2 P values from 7 test.

n = 156 subjects. Results nearly identical to those after 5 years of follow-up
were obtained after extending the possible follow-up time to 6 years. CI
indicates confidence intervals.
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Table 6
Association between bFGF and baseline ophthalmologic results in 172
patients

Variable bFGF bFGF P value®
<44 >4.5

No or minimal retinopathy 35 38 78

Mild-moderate retinopathy 24 22 .87

Severe nonproliferative retinopathy 14 12 94

Macular edema 11 5 .19

Proliferative retinopathy 7 4 47

Results are number of affected subjects.
& P value from 7 test.

indicators for laser treatment, proliferative retinopathy (HR,
29.11; P=.0002) and macular edema (HR, 8.17; P =.0036),
but not basic FGF (low vs high) (HR, 3.44; P = .10), were
significantly associated with time to first laser treatment.

3.4. Endothelial cell inhibitory autoantibodies in plasma
from low or undetectable bFGF

We compared inhibitory bioactivity in endothelial cells in a
1/50th dilution of the protein A eluate fraction from plasma of
diabetic subjects with macular edema and those without
significant retinopathy who did not differ significantly in their
baseline clinical characteristics (Table 7). Average inhibitory
growth-promoting activity in the protein A eluates from
diabetic maculopathy plasmas (n = 7) (72% =+ 20%)
significantly exceeded average growth-promoting activity in
the protein A eluates from plasma of diabetic subjects with no
or minimal retinopathy (n = 7) (101% + 8%, P = .004 for the
difference) (Table 7). The protein A eluates from plasma were
subjected to heparin Sepharose (HS) affinity chromatography
(Pharmacia Biotech, Uppsala, Sweden). In the protein A
eluate of plasma from a representative diabetic patient with
macular edema, significant inhibitory activity in endothelial
cells eluted at 0.5, 1, and/or 2 mol/L NaCL from an HS column
(eg, Fig. 1A). Average peak inhibitory endothelial cell activity
in the protein A eluates of plasma from diabetic macular
edema (n = 6) significantly exceeded average peak inhibitory
activity in the protein A eluates of plasma from diabetics with
no or minimal retinopathy (n = 6, P =.0001, Fig. 1D). There
was no difference in the average FT activity from HS columns
in protein A eluates from diabetic subjects with macular
edema and those without retinopathy (Fig. 1D). The protein A
eluate of plasma from a diabetic subject with proliferative
retinopathy displayed significant inhibitory activity eluting at
0.5 mol/L NaCL and significant stimulatory activity in

Table 7

endothelial cells eluting at 1 mol/L NaCL from an HS column
(Fig. 1B).

4. Discussion

The present data suggest a novel association between low
baseline plasma bFGF-IR and the need for first laser
photocoagulation in patients with long-standing type 2
diabetes mellitus. The increased requirement for laser
treatment in patients with low baseline plasma bFGF
persisted for up to 5 years after initiation of study treatment
despite the known strong influence of duration of diabetes
(Table 5). Low plasma bFGF was still significantly
associated with the need for laser treatment after adjusting
for standard vs intensive glycemic treatment arm and for
antihypertensive medications (ACE inhibitors, ARBs)
shown to lower bFGF [11] and possibly slow the progression
of retinopathy [19-21]. Our data are consistent with the
possibility that low plasma bFGF may signify the presence
of an additional risk factor or factors, for example,
autoantibodies inhibitory in endothelial cells, which may
contribute to the need for laser treatment.

Basic FGF did not correlate significantly with several
baseline risk factors associated with retinopathy. A marginal
inverse association between baseline HbA;. and plasma
bFGF (Table 2) suggests that baseline poor glycemic control
may contribute to low bFGF. Glycosylated hemoglobin was
inversely associated with plasma vascular endothelial growth
factor (VEGF) level in a population of older Japanese adults
with advanced type 2 diabetes mellitus [22]. It is possible
that shared or different mechanisms may account for the
unexpected low levels of the 2 heparin-binding angiogenesis
factors bFGF and VEGF in subsets of advanced type 2
diabetes mellitus.

In prior studies, plasma bFGF was increased in associa-
tion with activation in the renin-angiotensin system, such as
occurs in subsets of type 2 diabetes mellitus with persistent
micro- or albuminuria [11] and/or essential hypertension
[23]. The present finding of significant associations between
high plasma bFGF and waist-hip ratio or thiazide diuretic use
is consistent with visceral adipose tissue [24] or renin-
angiotensin system activation [25] as sources for increased
plasma bFGF. Waist-hip ratio was significantly associated
with an increased need for laser treatment in a recent large
study of less advanced type 2 diabetes mellitus [26]. We
cannot exclude the possibility that high plasma bFGF, a

Baseline characteristics in 14 representative subjects with macular edema or no retinopathy with low or undetectable plasma bFGF

Subject group Age (y) Duration of diabetes (y) HbA,. (%) ACR (mg/g) bFGF (pg/mL) Growth activity (%)*
Macular edema (n = 7) 64+5 13+4 83+14 322 + 381 0+0 72 £ 20

No retinopathy (n = 7) 59+ 11 8+6 9.7+1.2 45+ 49 07+13 101 £38

P value 27 11 .08 .16 .004

P value from ¢ tests.

? Percentage of basal endothelial cell number after 48 hours of incubation with a 1/50th dilution (30 ug/mL) of the protein A eluate fraction from plasma.
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Fig. 1. Heparin Sepharose affinity chromatography of protein A eluate
fractions from plasma of representative diabetic subjects with (A) macular
edema, (B) proliferative retinopathy, and (C) minimal or no retinopathy.
D, Average results in 12 patients with low or undetectable plasma bFGF: 6
with macular edema (ME) (A) or 6 with minimal retinopathy (-ME) (C).
Heparin Sepharose chromatography was carried out as described in
“Subjects and methods.” Growth-promoting activity was assessed as change
in cell number as described in “Subjects and methods.” Peak inhibitory
activity represents results (percentage basal ODy ), with the fraction eluting
from HS showing the most inhibitory activity on the growth of endothelial
cells (eg, 0.5 mol/L, A). Flow through activity represents results with the
fraction not retained on the HS column (eg, FT). *P <.05 compared to basal
cell number.

potent angiogenesis factor, or other adipocytokines may
contribute to the mechanism for increased laser risk in earlier
stages of type 2 diabetes mellitus. In our VADT substudy
group, decreases in high plasma bFGF in association with
aggressive treatment of blood pressure and glycemia may
have accounted in part for the lack of a direct association
between baseline high plasma bFGF and the subsequent
need for laser photocoagulation. Yet randomization to the
intensive VADT treatment arm itself was associated with
only a marginally significant lower subsequent risk for laser
treatment (P = .00).

Basic FGF does not normally circulate [10], but it
increases in plasma from a variety of cancers [27]. In prior
work, we described potent endothelial cell inhibitory
autoantibodies in plasma from subsets of advanced cancer
[17]. Because many of the same cancer subjects had low
or undetectable plasma bFGF, in the current study, we
tested plasma from advanced type 2 diabetes mellitus with
low plasma bFGF for endothelial cell inhibitory auto-
antibodies. We found a significant association (P <.0001)
between baseline plasma bFGF-IR and inhibitory endothe-
lial cell activity in the protein A—eluted (immunoglobulin
G) fractions from diabetic plasma [28]. The endothelial
cell inhibitory autoantibodies displayed increased affinity
for heparin, suggesting that they may bind to and modulate
the bioavailability of the heparin-binding growth factor
bFGF. Heparan sulfate proteoglycans are low-affinity
receptors for bFGF that are abundant in endothelial cells
[29]. Heparan sulfate proteoglycans are also known targets
for autoimmunity [30,31]. The elaboration of heparan
sulfate proteoglycans [32] from the renal glomerulus is
thought to contribute to generalized microvascular damage
in diabetes [33,34].

Endothelial cell-binding antibodies were reported with
increased frequency in subsets of type 1 diabetes mellitus and
proliferative retinopathy [35]. In a recent study in diabetic
pregnancy subjects, low serum VEGF level was reported in
association with proliferative diabetic retinopathy; but the
mechanism for this association was not clear [36]. Our
preliminary data suggest a possible dual role for heparin-
binding endothelial cell inhibitory autoantibodies and high-
affinity heparin-binding growth factors in the mechanism for
proliferative retinopathy in some patients with advanced type
2 diabetes mellitus (eg, Fig. 1B). Aggressive treatment with
insulin resulted in increased plasma bFGF (5.5 pg/mL) in a
patient with low baseline bFGF (0.2 pg/mL) who later
required laser treatment of proliferative retinopathy (Fig. 1B).
The increased bFGF plasma contained both heparin-binding
endothelial cell inhibitory antibodies of moderate affinity
(eluted with 0.5 mol/L NaCL, Fig. 1B) and stimulatory
endothelial cell bioactivity in the protein A eluate fractions
eluting with 1 or 2 mol/L NaCL from HS (Fig. 1B). Vascular
endothelial growth factor characteristically elutes with 0.6 to
1.2 mol/L NaCL [37], whereas bFGF requires 2 mol/L NaCL
to be dissociated from HS [7]. We cannot exclude the
possibility that VEGEF, or synergistic interactions between
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bFGF and VEGF [38], may have contributed to neovascular-
ization or other worsening retinal pathology requiring laser in
a subset of patients.

Diabetic macular edema is the leading cause of visual
impairment in type 2 diabetes mellitus [1]. It may go
unrecognized for substantial periods in type 2 diabetes
mellitus [39]. Proliferative diabetic retinopathy requires
immediate intervention, as it is associated with a high risk for
visual loss. The baseline prevalences of proliferative diabetic
retinopathy (5.2%) and macular edema (10.3%) are con-
sistent with the prevalences reported in older adults with
advanced type 2 diabetes mellitus [39,40]. Our heteroge-
neous study group included 60% non-Hispanic white
patients who had a higher baseline prevalence of cardiovas-
cular disease and significantly lower mean baseline LDL
cholesterol concentration compared with the cardiovascular
disease prevalence and baseline LDL levels among African
American and Hispanic subjects. The significant inverse
association between LDL cholesterol concentration and the
need for laser treatment in our study group (Table 5) is likely
to reflect confounding by one or more factors associated with
non-Hispanic white race.

The limitation of our study is that it is small and the
results are only applicable to men with long-standing
diabetes. Still, the present data of an association between
high baseline HbA . and low bFGF may be consistent with
findings from the Diabetes Control and Complication Trial
or the Fenofibrate Intervention and Event Lowering in
Diabetes study, respectively, that a baseline parameter, for
example, prior poor glycemic level, can significantly affect
the risk for progression of retinopathy [41] or the need for
laser treatment [26].

In summary, we have provided evidence that low baseline
plasma bFGF, although not a specific marker, may yet
indicate the presence of heparin-binding endothelial cell
inhibitory autoantibodies in plasma from adults with
advanced, poorly controlled type 2 diabetes mellitus.
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