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Abstract
Background/aim—Laminin, a major specific non-collagenous glycoprotein of
basement membrane, has been proposed
as an index of diabetic retinopathy and
high serum concentrations have been
reported in patients with proliferative
diabetic retinopathy. On the other hand,
panretinal photocoagulation (PRP) prevents the progression of severe diabetic
retinopathy and reverses preretinal neovascularisation. The aim of the study was
to investigate the eVect of PRP on serum
levels of laminin in patients with diabetes.
Methods—20 patients with diabetes undergoing PRP and 15 patients with mild or
moderate non-proliferative diabetic retinopathy in whom a PRP was not performed
were included in the study. Serum
laminin-P1 (Lam-P1), the largest pepsin
resistant fragment of laminin, was determined by radioimmunoassay in each
patient before starting PRP and 3 months
after it was accomplished. Similarly, a
baseline and a 4 month sample were
analysed in the non-photocoagulated controls.
Results—Serum Lam-P1 concentrations
obtained 3 months after PRP were significantly lower when compared with the initial values (1.62 (SD 0.36) U/ml v 1.91
(0.37) U/ml; p <0.001). A decrease of
serum levels of Lam-P1 could be seen in
all patients. By contrast, in those patients
with mild or moderate non-proliferative
diabetic retinopathy in whom a PRP was
not performed, no significant changes
were detected in serum Lam-P1 concentrations (1.72 (0.20) U/ml v 1.74 (0.17);
p=0.250).
Conclusion—PRP
decreases
serum
Lam-P1 levels in patients with severe diabetic retinopathy. Thus, the studies addressed to evaluate the usefulness of
Lam-P1 as a marker of diabetic retinopathy should consider previous PRP as an
influencing factor. Finally, our results
suggest that retinal source of Lam-P1
strongly contributes to serum Lam-P1 in
patients with severe diabetic retinopathy.
(Br J Ophthalmol 1999;83:1056–1059)

Diabetic microangiopathy is associated with
important disturbances in the metabolism of
basement membranes.1 Because the serum
levels of basement membrane (BM) constitu-

ents could reflect these metabolic changes,
their usefulness as markers of diabetic microangiopathy has been extensively investigated.
In this regard, serum levels of laminin, a major
specific non-collagenous glycoprotein of BM,
have been proposed as an index of diabetic
microangiopathy,2 and high concentrations
have been reported in patients with diabetes
with proliferative diabetic retinopathy.2 3 Notably, laminin contributes to the net increase in
BMs that occurs during diabetic retinopathy
(DR) and is one of the main constituents of the
periodic acid SchiV positive material deposited
in BMs of retinal vessels of patients with DR.4
Proliferative DR is characterised by the presence of complex mechanisms that favour
degradation and synthesis of BM de novo. Proliferating endothelial cells digest BMs mainly
proteolytically during the migratory phase of
their growth and lay down new BM components as new vessels become established.5 6
Retinal ischaemia has a crucial role as a trigger
of these phenomena.7 8 Panretinal photocoagulation (PRP) eliminates ischaemic areas and
allows redistribution of blood flow to spared
areas, thus improving the situation of retinal
hypoxia and clinical studies have demonstrated
the eYcacy of PRP in preventing the progression of severe DR and reverting to preretinal
neovascularisation.8–10 Thus, it is tempting to
speculate that PRP could decrease laminin
serum concentrations in patients with diabetes
with proliferative DR. However, PRP has not
been previously considered as a variable that
could influence serum laminin concentrations
in patients with diabetic retinopathy (DR), and
there are no studies focused on the eVect of
PRP on serum levels of laminin. Furthermore,
because of the isolated intervention of laser
treatment on ocular vessels, the eVect of PRP
on serum concentrations of laminin could provide a new insight into the contribution of the
retinal source of laminin to its serum levels in
patients with severe DR. On this basis, we have
designed a prospective study to determine the
eVect of PRP on serum laminin-P1 (the largest
pepsin resistant fragment of laminin) levels in
patients with severe DR.
Patients and methods
Twenty consecutive patients undergoing bilateral PRP because of severe DR (>51 according
to the Wisconsin grading system11) were
included in the study. Fifteen patients with
mild or moderate non-proliferative DR and
comparable for variables shown in Table 1
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Table 1

Clinical characteristics of the diabetic patients included in the study

Age (years)
Sex (M/F)
Type of diabetes (I/II)
Duration of diabetes (years)
Level of retinopathy*
31
41
51
65
70
Diabetic nephropathy†
No nephropathy
Incipient
Overt nephropathy
Macroangiopathy‡
No macroangiopathy
Arterial occlusive disease
Coronary heart disease

Patients undergoing PRP
(n=20)

Patients not undergoing PRP
(n=15)

n (SD)

Percentage

n (SD)

Percentage

55.91 (12.29)
8/12
7/13
21.35 (7.41)

—
40/60
35/65
—

56.26 (17.65)
6/9
5/10
20.46 (8.7)

—
40/60
33.3/66.7
—

—
—
6
9
5

—
—
30
45
25

10
5
—
—
—

66.7
33.3
—
—
—

9
6
5

45
30
25

7
5
3

46.7
33.3
20

11
7
5

55
35
25

9
5
3

60
33.3
20

PRP = panretinal photocoagulation.
*According to the Wisconsin grading system.
†Classified according to the mean urinary albumin excretion rate of three separate 24 hour urine
collections: no nephropathy, <20 µg/min; incipient nephropathy, 20–200 µg/min; overt nephropathy, >200 µg/min.
‡Diagnosis made on the basis of food pulse status, measurement of ankle pressure index, electrocardiogram, history of angor pectoris plus abnormal ergometry or previous myocardial infarction.
Three patients with coronary heart disease (CHD) undergoing PRP and two patients with CHD
not undergoing PRP also presented arterial occlusive disease.

Table 2 Serum Lam-P1 concentrations and haemoglobin
A1c (HbA1c ) levels obtained at baseline and at the end of
the study in diabetic patients in whom a PRP was
performed (group A) and in non-photocoagulated diabetic
patients (group B)

Group A

Group B

Baseline

3 months’ follow up

Lam-P1
1.91 (0.37) U/ml
HbA1c
8.4 (1.4) g/l
Lam-P1
1.72 (0.20) U/ml
HbA1c
8.2 (1.3) g/l

Lam-P1
1.62 (0.36) U/ml
HbA1c
8.5 (1.6) g/l
Lam-P1
1.74 (0.17)
HbA1c
8.1 (1.2) g/l

p Value
<0.001
ns
ns
ns

IgG fragments (Fab) obtained from rabbit
antisera against Lam-P1 and goat antiserum to
rabbit IgG were used as first and second
antibodies, respectively. This assay is specific
for laminin and no cross reactions were detectable with several collagens or fibronectin.
Standards were analysed in triplicate and samples in duplicate. Our intra-assay and interassay coeYcients of variation were 3.6% and
5.8%, respectively. Statistical analysis was carried out using two tailed Student’s test for
paired data and the level of significance was set
at 5%. Data are expressed as mean (SD).
Results
The results are summarised in Table 2. Serum
Lam-P1 concentrations obtained 3 months
after PRP in patients with severe DR (group A)
were significatively lower when compared with
the initial values (1.62 (0.36) U/ml v 1.91
(0.37) U/ml; p<0.001); the decrease in serum
Lam-P1 levels could be seen in all these
patients. By contrast, in those patients with
mild or moderate non-proliferative diabetic
retinopathy (group B) in whom a PRP was not
performed, no significative changes were detected in serum Lam-P1 concentrations after a
4 month period (1.72 (0.20) U/ml v 1.74
(0.17); p=0.250). In both groups of patients
the metabolic control remained stable during
the follow up.
During 12 months of follow up after PRP,
two patients shown signs of diabetic retinopathy activity and in both cases an increase in
serum Lam-P1 were detected (1.61 v 1.76
U/ml and 1.52 v 1.73 U/ml).
Discussion
The thickening of basement membrane in capillaries and small vessels is considered to be a
characteristic histological finding of diabetic
retinopathy.1 Laminin, unlike other adhesive
proteins, is specific to BMs and contributes to
the BM thickening.1 Because serum breakdown products of laminin are indicative of the
turnover of basement membranes, the usefulness of serum Lam-P1 as a marker of diabetic
retinopathy has been reported. Several pathogenic mechanisms could be implicated in the
increase in serum Lam-P1 concentrations
observed in patients with diabetic retinopathy.
Firstly, there could be an enhanced synthesis of
laminin; thus, increased amounts of laminin
have been observed in retinal vessels of patients
with diabetic retinopathy and increased mRNA
for laminin has been demonstrated in endothe-
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served as a control group. Subjects presenting
with additional diseases, ketosis or ketoacidosis
in the past 3 months, uncontrolled blood pressure, or renal failure were excluded. The study
was approved by the local ethics committee
and all patients were fully informed before giving their consent.
Ophthalmological procedures were carried
out by an experienced ophthalmologist. DR
was evaluated by ophthalmoscopy and seven
field colour retinographies with or without
fluorescein angiography, and graded according
to the method described by Klein et al.11 A
clinical delivery system of the argon green laser
(Aesculap Meditec CLKV 40E, Germany),
with panfunduscopic and/or Goldmann lens
when appropriate, was used for PRP. Each eye
received approximately 2000–3000 burns, of
100–500 µm diameter, and 0.2 seconds’ duration. Treatment was staged over three to five
sessions (one session per week). Serum
laminin-P1 (Lam-P1) concentrations were
determined in each patient before starting PRP
and 3 months after it was accomplished. Similarly, baseline and 4 month samples were analysed in the non-photocoagulated controls.
This sample schedule was used to ensure that
the process of laser wound healing was accomplished. An additional serum sample was
obtained in patients who presented with signs
of DR activity (recent appearance of new
vessels or more than one of the following—
multiple haemorrhages, multiple cotton wool
spots, venous irregularities, widespread closure
with leakage of dye on fluorescein angiography) during 12 months of follow up after
PRP.
Serum Lam-P1 was determined by a double
antibody radioimmunoassay (CIS, Bio International) according to the method described
by Brocks et al.12 Lam-P1 was obtained from
pepsin digests of human placenta. Monovalent
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contribution of the retina to the circulating
levels of several molecules in patients with proliferative diabetic retinopathy.
We can only speculate about the mechanisms involved in the the decrease of serum
Lam-P1 observed in lasered patients. PRP
eliminates important ischaemic areas and
favours the redistribution of blood flow to
uninjured ones, therefore decreasing retinal
hypoxia, a crucial event in the aetiopathogenic
cascade of diabetic retinopathy. Thus, PRP
would reduce the angiogenic growth factor
output from an ischaemic retina and therefore
inhibit neovascularisation.8 9 In this way, several studies have demonstrated the eYcacy of
PRP in reversing retinal neovascularisation.8–10
Therefore, it seems possible that PRP reduces
laminin serum levels by virtue of its neovascularisation reducing eVect. Laminin secreted by
proliferating cells could upregulate cell
proliferation28 and it has recently been shown
that the laminin 67LR receptor is expressed
preferentially by preretinal new vessels.29
Interestingly, our data suggest that the
fluctuation of serum Lam-P1 levels in lasered
patients could be related to DR activity. Thus,
serum Lam-P1 concentration increased in
those patients who developed signs of DR
activity after the initial laser treatment. However, the small number of patients with DR
activity post-PRP evaluated in this study does
not allow us to be certain of the usefulness of
serum Lam-P1 as an index of DR reactivation
in photocoagulated patients, and further studies are needed.
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lial cells and tissues exposed to high glucose
concentrations.4 13–16 Secondly, there could be
an increased enzymatic degradation of laminin;
thus, DR is characterised by accelerated
endothelial cell death which could favour the
contact between BM and plasma proteases and
promote the capillary occlusion phenomena.17
The inflammatory cells observed in great
numbers in these occluded capillaries and
microaneurysms can synthesise and activate
enzymes with a capacity to degrade the
basement membrane.18–20 Finally, and probably
more importantly, BM catabolism is an obligatory step for retinal neovascularisation and, in
this process, proliferating cells synthesise BMs
with abnormal function and structure.21–23 Furthermore, in vitro models of neovascularisation
suggest that neovessels show abnormal polarity
and secrete part of BM components to the
lumen.24
The eVect of PRP on serum levels of
Lam-P1 has not been investigated previously.
In the present study we found a significant
decrease in serum levels of Lam-P1 in patients
with severe DR undergoing PRP. By contrast,
no diVerences were observed in serum Lam-P1
concentrations in those non-PRP patients with
mild or moderate non-proliferative DR that
remained stable during follow up. Therefore,
our results prove for the first time that PRP
aVects the serum concentration of a BM
specific constituent (that is, laminin) in patients with diabetes. Certainly, this finding is
intriguing when considering that retinal microcirculation represents only a minor part of the
total number of blood vessels in the body.
However, we previously demonstrated by multiple regression analysis, in a large diabetic
population, that the most significant variable
independently associated with serum Lam-P1
was diabetic retinopathy.3 In addition, some
clinical evidence supports the idea that the
retinal changes which occur after PRP in
patients with proliferative diabetic retinopathy
can modify significantly the circulating levels of
some molecules. Jennings et al,25 when exploring the oxidative status in the peripheral blood
of patients undergoing PRP, demonstrated an
acute increase in malondialdehyde-like material, plasma thiols, and red cell reduced
glutathione. On the other hand, Hyer et al 26
reported a decrease of serum IGF-1 concentrations in patients with proliferative diabetic
retinopathy after eVective PRP. Recently,
Nishimura et al,27 observed in a cross sectional
study that the mean serum concentration of
human hepatocyte growth factor in diabetic
patients with proliferative diabetic retinopathy,
in whom a PRP was performed, was lower than
in a proliferative diabetic retinopathy group
without a history of photocoagulation. In the
present study, Lam-P1 serum concentration
decreased significantly after PRP to similar
levels as those obtained in patients with
non-proliferative diabetic retinopathy. Furthermore, it must be emphasised that we found a
decrease in serum levels of Lam-P1 in all
patients with diabetes undergoing PRP. Taken
together, these results support the hypothesis
that PRP could be useful in investigating the
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