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Abstract 
 

In vitro studies suggest that insulin-like growth factor (IGF)-1 is a mitogen for 

microglia/macrophages. The actions of IGF-1 are mediated by the type-1 IGF receptor 

and modulated by IGF binding proteins (IGFBPs). The aim of this study was to 

investigate IGF-1 receptors and IGFBPs in human microglia in normal brain white 

matter and active lesions of multiple sclerosis, which contain activated 

microglia/macrophages. Methods used were immunohistochemistry and confocal 

laser microscopy. IGF-1 receptors were demonstrated in both resting and activated 

microglia. In resting conditions, microglia displayed no immunoreactivity for any of 

the six IGFBPs, whereas activated microglia/macrophages were immunoreactive for 

IGFBP-2 only. Our data suggest an important function for IGFBP-2 in IGF-1 actions 

in activated microglia/macrophages in human brain. 
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Introduction 
 
Microglia are resident monocyte-lineaged cells in the central nervous system (CNS) 
[11, 12]. In the unaffected CNS they appear as ramified cells. In response to 
inflammation or CNS injury, resting microglia transform into activated microglia with 
retracted processes and enlarged cell bodies, they begin to proliferate, and acquire a 
macrophage phenotype. Microglia participate in many reactive processes in the CNS 
and are therefore an integral part of lesions in a variety of pathological conditions. 
Upon activation they secrete a variety of proinflammatory cytokines and toxic factors, 
such as tumor necrosis factor alpha (TNF-α) and reactive oxygen species, which are 
thought to contribute to tissue injury [11, 12]. On the other hand, activated microglia 
regulate inflammation by production of anti-inflammatory cytokines, such as 
transforming growth factor beta (TGF-ß), and have potential to produce and release a 
range of factors that directly or indirectly promote regeneration in the injured CNS 
[11, 12]. 
Insulin-like growth factor (IGF)-1 is trophic factor that acts as mitogen for a variety of 
cell types in the CNS [4]. Actions of IGF-1 are mediated by the IGF-1 receptor. IGF-1 
promotes differentiation and proliferation of oligodendrocyte progenitor cells and 
upregulates the expression of myelin proteins [10]. In addition, IGF-1 possesses 
neuroprotective properties [9], and stimulates proliferation of astrocytes [14]. 
Recently, O’Donnell and co-workers reported that IGF-1 also promoted proliferation 
of cultured adult mouse brain microglia [13]. Purified microglia in serum free medium 
containing 3H-thymidine showed a twofold increase in 3H-thymidine incorporation in 
the presence of IGF-1. Tightly regulating IGF-actions are six IGF binding proteins 
(IGFBPs) [1, 3, 4]. At the level of the extracellular matrix or cell surface, IGFBPs can 
either inhibit or enhance the presentation of IGF-1 to its receptor. The IGFBPs 
responsible for modulating the actions of IGF-1 in activated microglia/macrophages in 
human brain have not been fully characterized. Using immunohistochemistry, Gveric 
and coworkers investigated active lesions of multiple sclerosis (MS), which is a 
prototypic inflammatory CNS disease, for IGF-1 receptors and IGFBPs-1, -2, and –3 
[6]. They identified IGF-1 receptors and IGFBPs -2 and -3 in activated 
microglia/macrophages. In the present study, we investigated IGF-1 receptors and all 
six IGFBPs in microglia in human CNS tissue. Basal levels of these proteins in 
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microglia under normal resting conditions were compared to activated 
microglia/macorphages in active MS lesions. 
 
Materials and Methods 
 
Post-mortem brain tissue from individuals without evidence of neurological disease 
was collected at autopsy from 12 patients (8 males aged between 40 and 80 years, and 
4 females aged between 60 and 80 years). Post-mortem MS brain was obtained from 
13 patients (6 males aged between 30 and 72 years, and 7 females aged between 35 
and 82 years) with clinical definite and pathologically confirmed MS. Post-mortem 
interval for the two groups did not differ significantly (range 6-12 hours). Tissue 
blocks of cerebral white mater of approximately 0.5 cm thick were frozen rapidly by 
immersion in liquid nitrogen, and stored at -80°C until further processing. Active MS 
plaques were identified by routine myelin, haematoxylin-eosin staining and major 
histocompatibility (MHC) class II immunostaining (not shown). 
Brain tissue was examined for IGF receptors and IGFBPs by immunohistochemistry 
according to previously reported methods [15]. Polyclonal antibodies against human 
IGFBPs-1, -2, -3, -4, -5 and -6 were obtained from Gropep (Thebarton, Adelaide, 
Australia). The specificity of the antibodies was confirmed using the antibody pre-
absorbed with excess of matched recombinant human IGFBPs. The same antibodies 
were used by our group to demonstrate IGF-1 receptors and all six IGFBPS in human 
spinal motor neurons [15]. The sensitivity of the antibodies against IGFBPs was tested 
by Western-immunoblotting experiments. In these experiments the same dilution 
(1/1000) of antibody was used to detect the same amount (100 ng) of corresponding 
human recombinant IGFBP (Upstate, Lake Placid, NY, US). Pixel densities were not 
significantly different between the six anti-IGFBP antibodies (Kruskal-Wallis test, 
P=0.3151), indicating a comparable degree of sensitivity. A monoclonal antibody 
against human CD68 (microglia/macrophage marker) was obtained from Novocastra 
laboratories (Newcastle, UK).  
Double stainings of IGFBPs and microglia/macrophages was performed by incubating 
sections with the primary antibody solution: rabbit-anti-human IGFBPs-1, -2, -3, -4, -
5, -6 (1/100) and mouse-anti-human CD68 (1/100). Thereafter, sections were 
incubated with the secondary antibody solution (1/100) in PBS: Alexa-fluor-488-goat-



IGFBPs in microglia in MS   25   

anti-mouse-IgG (FITC-conjugated, Molecular Probe, Leiden, The Netherlands) and 
Alexa-fluor-568-goat-anti-rabbit (TRITC-conjugated, Molecular probe) (1/100). For 
double staining of the IGF-1 receptor (Upstate) and microglia/macrophages, sections 
were incubated with chicken-anti-human IGF-1 receptor (1/100) and mouse-anti-
human CD68 (1/100). Thereafter, sections were incubated with the secondary 
antibody solution (1/100) in PBS: biotin-conjugated-anti-chicken (Jackson 
Immunoresearch Laboratories, West Baltimore, PA, USA), followed by the incubation 
of the sections with a mixture of Alexa-fluor-488-goat-anti-mouse-IgG (1/100) and 
extrAvidin-TRITC (1/100) (Sigma, Saint Louis, Missouri, USA). Micro-sections were 
embedded in fluorescent mounting medium and evaluated using confocal microscopy. 
The images were digitized, and pixel densities analyzed and quantified by computer-
assisted densitometry using the program Image (National Institutes of Health 
Research Services Branch, Betheseda, MD). The unpaired t-test was applied to test for 
significant differences between MS patients and controls. The level of significance in 
all tests was set at p ≤ 0.05.  
 
 
 
Results 
 
We identified IGF-1 receptor immunoreactivity in resting microglia in normal 
cerebral white matter, normal appearing white matter from MS patients, and in 
activated microglia/macrophages at the edges of active MS lesions (Fig. 1). Pixel 
densities of IGF-1 receptors between resting microglia and activated 
microglia/macrophages were not significantly different (Table 1). Resting microglia 
in control cerebral white matter showed no immunoreactivity for any of the six 
IGFBPs. Activated microglia/macrophages in MS lesions showed positive 
immunostaining for IGFBP-2, but not for any of the other IGFBPs (Fig. 2). 
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Table 1. Pixel densities of IGF-1 receptors measured in microglia in cerebral white matter 
from controls without neurological disease (n =12), in normal appearing white matter in MS 
(n = 13), and at the edges of active MS plaques (n = 13). Pixel densities were measured per 
cell, for each measurement 15 cells were analyzed. 
 
Location of IGF-1 receptors   pixel density/cell   *p  

(mean, ±S.E.M)   
Control white matter    192. 20 ± 3.59   0.4706 
Normal appearing white matter in MS  188.70 ± 3.11   0.5758 
Edges of active MS lesions   188.90 ± 4.54   0.9714 

* Unpaired t-test. 
 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 1 
Double immunostaining of IGF-1 receptors (red) and microglia (anti-CD68; green) in control white 
matter (A) and chronic active MS lesions (B). Both resting microglia (A) and activated 
microglia/macrophages (B) are positive for IGF-1 receptors. Bar = 50 µm. 
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Figure 2 
Double immunostaining of IGFBPs 1-6 (red) and microglia (anti-CD68; green) in control 
(Ctrl) white matter (resting microglia) and chronic active MS lesions (MS) (activated 
microglia). Resting microglia were negative for all six IGFBPs (A, C, E, G, I, K).  Activated 
miocroglia/macrophages were positive for IGFBP-2 only (B, D, F, H, J, L). Bar = 50 µm. 
 

 

 
Discussion 
We confirmed the presence of IGF-1 receptors on microglia in human CNS [6], and 
showed that reactive microglia/macrophages immunostained only for IGFBP-2. We 
could not reproduce the finding by Gveric and co-workers of IGFBP-3 
immunoreactivity in activated microglia/macrophages [6], which may be due to 
technical differences. The antibody used in our study immunostained IGFBP-3 in 
spinal motor neurons [15]. Depending on the cell type, IGFBPs can either inhibit or 
stimulate the actions of IGF-1 [1, 3, 4]. In vitro studies have shown that 
overexpression of IGFBP-2 may result in both increased and decreased growth of 
cells [7, 8]. IGFBP-2 can interact with components of the extracellular matrix and 
concentrate IGF-1 in the vicinity of the receptor, enhancing IGF-1 activity, or inhibit 
interaction with receptors. 
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Most cell types express a variety of IGFBPs, which through a complex interplay 
modulate the actions of IGF-1 or may exert IGF-1 independent actions [1, 3, 4]. 
Therefore, the finding that activated microglia/macrophages only express IGFBP-2 
could be interesting for therapeutic purposes. Manipulation of IGFBP-2 regulated 
pathways might enable us to alter the actions of IGF-1 on microglia/macrophages in a 
precise way. For example, IGFBP-2 expression can be increased with the 
corticosteroid dexamethason [5], and decreased by retinoic acid [2]. Further study is 
necessary to resolve the regulatory mechanism of IGFBP-2 in activated 
microglia/macrophages. 
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