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Abstract 
 

In the central nervous system, insulin-like growth factor-1 (IGF-1) enhances survival 

of neurons, promotes myelin synthesis and acts as a mitogen for microglia. The 

effects of IGF-1 are regulated by a family of 6 IGF binding proteins (IGFBPs). We 

investigated mRNA expression patterns of IGFBPs in primary rat microglia under 

basal conditions and after activation with lipopolysaccharide (LPS). Under basal 

conditions, microglia expressed IGFBP-2 to -6, whereas, IGFBP-1 could not be 

detected. Following 2h treatment with LPS mRNA levels for IGFBP-4 and -6 

displayed a down regulation, and IGFBP-5 became undetectable. Levels of IGFBP-2 

and -3 remained unaltered. Expression patterns of IGFBPs might play an important 

role in regulating the autocrine/paracrine IGF-1 actions on microglia under 

inflammatory conditions. 
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Introduction 
 
Insulin-like growth factors-1 and -2 (IGFs) are trophic factors that are present in the 
central nervous system (CNS) and expressed in several cell types, including microglia 
[1, 2, 3]. Modes of IGF action are regulated by 6 structurally distinct IGF-binding 
proteins (IGFBPs) that may have either stimulating or inhibitory effects on cell 
growth or survival [4, 5, 6]. Depending on IGFBP or IGFBP protease bioavailability 
in the extracellular milieu the actions of IGF-1 can be influenced as to promote or 
prevent IGF-1-induced cell survival or proliferation. IGFBPs that are secreted in the 
extracellular space can sequester IGFs and prevent interaction with the IGF-1 
receptor. Alternatively, IGFBPs can target IGFs to specific cell types by interacting 
with cell surface structures [4, 5]. Furthermore, proteolysis of IGFBPs can release 
IGFs from complexes, thereby targeting IGFs to specific cell types. 
IGF-1 stimulates migration and differentiation of oligodendrocyte precursor (O2A) 
cells, promotes remyelination of axons by stimulating myelin protein synthesis in 
oligodendrocytes [7, 8, 9], and possesses neuroprotective properties [10]. Expression 
of molecules in the IGF-system in the CNS is altered as a result of damage or in a 
wide variety of pathological conditions such as in multiple sclerosis (MS), or hypoxic-
ischemic brain injury [11, 12, 13]. In MS and experimental allergic encephalitis 
(EAE), the animal model of MS, glial cells have been shown to be a major source of 
IGF-1. Application of IGF-1 has been shown to enhance remyelination and reduce 
clinical deficits in EAE [14, 15]. 
More recently, microglia are not only being regarded for their role in immunological 
events, but are now also recognised for their neuroprotective functions [16]. Although 
these cells are know to express both IGF-1 and -2, and IGF-1 has been implicated in 
tissue repair processes in the CNS, expression of regulatory IGFBPs has not been 
studied in microglia. In this investigation, we have examined the mRNA expression 
profile of IGFBP-1 –6 in cultured rat microglia using reverse transcriptase-
polymerase chain reaction (RT-PCR). In order to examine the influence of 
inflammatory conditions on IGFBP expression, microglia were treated with 
lipopolysaccharide (LPS). 
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Materials and Methods 
 
Tissue culture plasticware was obtained from Nalge Nunc International (Roskilde, 
Denmark). All other cell culture materials were purchased from Gibco BRL (Paisley, 
UK). Primary antibodies used were anti-ED-1 (Chemicon International, Temecula, 
CA) and anti-GFAP (Boehringer Mannheim Biochemica, Germany). For RNA 
isolation we utilised the RNeasy i Kit from Qiagen (Valencia, CA). All reagents for 
reverse transcription (RT) and all primers were obtained from Life Technologies 
(Paisley, UK). The High Fidelity PCR Master kit was obtained from Roche 
(Indianapolis, IN). For PCR product purification we employed the kit sephadex G-50 
(Amersham Biosciences, 27-5340-10) and for sequencing the sequencing kit 
Dyenamic ET-Terminator Kit (Amersham Biosciences, US81090). All other 
chemicals were purchased from Sigma (St. Louis, MO). 
 
Cell culture 
Primary rat microglia cultures were prepared according to a shake-off protocol 
described previously [17]. Briefly, cerebral hemispheres of 1 day-old Wistar rats were 
freed from the meninges and mechanically disrupted. After centrifugation (10 min, 
300*g) single cell suspensions were transferred to culture flasks (1 brain/flask) and 
cultivated for 5 to 6 days in growth medium (DMEM containing; 10% FCS, 5 µg/ml 
pyruvate, 2 mmol/l glutamine, 50 U/ml penicillin, and 50 µg/ml streptomycin). 
Growth medium was supplemented twice a week. 7 to 12 days after plating, 
oligodendrocyte precursor cells and microglia were removed by shaking-off overnight 
at 250 rpm and 37°C. The suspended cells were counted and plated on bacterial dishes 
for 30 minutes for adhesion of microglia. Oligodendrocyte precursor cells in 
suspension were cultivated further and used as controls for CNP messenger detection. 
These cells were cultivated 24h in DMEM (1% FCS) and harvested for RNA 
isolation. Remaining microglia were supplemented with culture medium. After shake-
off procedures, astrocytes were passaged, cultivated in DMEM (10%) for 24h 
followed by RNA harvest for detection of GFAP messenger (controls). Purity of the 
microglia cultures was examined by staining with the microglia-specific marker ED-1 
and the astrocyte-specific marker GFAP. Obtained cultures were almost 100% pure. 
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Major contaminating cells were oligodendrocytes (recognized based on morphology), 
followed by astrocytes. 
 
Immunofluorescence staining 
Microglia were plated in a 12-well plate containing poly-L-lysine coated glass cover 
slips (incubation 30 minutes at RT) and cultured for 24h in culture medium containing 
10% FCS. After adhering for 24h cells were rinsed 3 times in PBS and fixed in 
paraformaldehyde for 20 minutes at RT. After rinsing with PBS, cells were treated 
with triton-X-100 (20 min at RT). Blocking was performed with 5% blotting grade 
blocker non-fat dry milk (Bio-Rad, CA. USA) and 1% BSA for 30 minutes. Primary 
anti-bodies used were anti-ED-1 and anti-GFAP IgG, both at concentrations of 1:100. 
Anti-mouse IgG-FITC conjugate secondary antibody (Zymed, San Francisco, CA, 
USA) was used at a concentration of 1:150. Anti-rabbit IgG TRITC conjugate (Sigma, 
Saint Louis, USA) was used at a concentration of 1:150. Glass cover slips were 
mounted with fluorescent mounting medium (DAKO, Carpinteria, Ca. USA) and cells 
were evaluated with an Axiophat fluorescent microscope (Zeiss, Germany). 
 
Lipopolysacharide Treatment 
Following 24h in culture, lipopolysacharide (LPS) was added to isolated microglia 
cultures at a concentration of 1ng/ml. This relatively low dose was sufficient to 
stimulate microglia and insure cell survival for the duration of experiments. Treated 
cells were harvested for mRNA extraction at 2h and 24h. Controls consisted of 
untreated cells. 
 
Semi-quantitative RT-PCR 
Total RNA was isolated from primary rat microglia using the RNeasy Mini Kit 
following the manufacturers’ instructions. Single stranded cDNA was synthesized 
from 5 µg total RNA using 2.5 µg Oligo (dT) 12-18 primer, 1000 units Superscript 
RT II, 20 µl first strand buffer, 10 mM DTT and 0.5 mM dNTP in a total volume of 
100 µl. Isolated RNA and the Oligo (dT) primer were denatured at 65°C for 15 min 
and placed on ice for 5 min before addition to the reaction tube. Reverse transcription 
was performed for 1 h at 37°C, and samples were subsequently heated at 99°C for 5 
min to terminate the reaction. PCR was performed with the High Fidelity PCR Master 
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using 250ng cDNA and 7.5 pmol sense and antisense primer. The final reaction 
volume was 50 µl. The tubes were incubated in a GeneAmp PCR System 9700 
(Perkin-Elmer, Norwalk, CT) at 94°C for 5 min to denaturate the cDNA and primers. 
28 and 25 PCR cycles was used for IGFBPs and GAPDH, respectively. For IGFBP-1 
PCR cycles were increased to 35. For this binding protein rat liver was utilized as a 
positive control in order to verify primer suitability. 
Table 1 lists the primer sequences and PCR-product size. Each primer pair spanned an 
intron so that amplification from any contaminating genomic DNA could be detected 
based on the size of the product. 10 µl of each PCR product was separated on 2.0% 
agarose gels, stained with ethidium bromide, and photographed using a Polaroid DS34 
Instant Screen Direct Camera (Hertfordshire, UK). Images were evaluated with the 
NIH Scion Image software in order to determine pixel densities for densitometric 
measurement. Values for IGFBP levels were normalized to GAPDH levels. 
To exclude contamination of genomic DNA isolated RNA was checked by omitting 
RT polymerase and running PCR reactions (35 cycles) using GAPDH primers. Only 
RNA samples that displayed no bands were used for further investigation. 
 
Sequencing 
To insure specificity PCR products were sequenced. Prior to analysis on MegaBACE 
1000 sequencing system (Amersham biosciences, Molecular Dynamics, 63-0034-24), 
PCR products were purified with AutoSeq96 filter plate containing DNA Grade 
Sephadex G-50 (sephadex G-50, Amersham Biosciences, 27-5340-10). We utilized 
the sequencing kit (Dyenamic ET-Terminator kit Amersham Biosciences, US81090). 
MegaBACE long-read matrix (Amersham biosciences, US79676) generated sequence 
data was analyzed with basecaller Cimarron 2.19. cDNA sequences were compared 
with the sequence available in the GenBank DNA databases. 
 
Statistical analysis 
All experiments were performed a minimum of three times each. For any given 
experiment, each data bar represents the mean +/- SEM of values obtained in separate 
experiments. The data were analysed by analysis of variance using the program Instat 
for Macintosh, and statistical significance was determined using the method of 
Kolmogorov and Smirnov. Values of P<0.05 were considered significant. 
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Results 
 
Using RT-PCR analysis the expression of the 6 IGFBPs was accessed in cultured rat 
microglia cells. In order to check for specificity, PCR products were verified by 
sequence analysis. IGFBP expression in rat microglia cultures was investigated under 
basal conditions (cells cultured in medium containing 10% FCS) as compared to LPS-
stimulated cells. Figure 1 displays PCR products of IGFBPs. Under basal conditions 
all IGFBPs, except for IGFBP-1, were positively identified (data for IGFBP-1 not 
shown). Sequence analysis and comparison with Gen Data bases matched the PCR 
products with known sequences for IGFBPs (table 2 displays accession numbers for 
each IGFBP). After verification of IGFBP expression, cells were treated with 1ng/ml 
LPS. Following treatment, expression of IGFBP-2 and -3 remained unaltered after 2h 
and 24h (figure 2) and IGFBP-1 mRNA was not detectable at any time.  
 
 
Table 1: Primer sequences for rat IGFBPs and PCR-product size  
 
Gene   Primer sequences (5`-3`)   Product size 
GFAP   GGACCAGCTTACTACCAACA  349bp   
   CTCGTACTGAGTGCGAATCT     
CNP   TCCACTCTGGCTCGGCTCAT  278bp   
   TCTAGTCGCCACGCCGTCTT     
IGFBP-1  CGGTTCTCAGCATGAAGAGG     
   TGCTTTCTGTTGAGCGGCAC     
IGFBP-2  GCAGGTTGCAGACAGTGAGG  293bp   
   GAAGGCGCATGGTGGAGATG     
IGFBP-3  CAGCAACCTGAGTGCCTACC  263bp   
   CTGTCTCCCGCTTAGACTCG     
IGFBP-4  CACGGAGCTGTCGGAAATCG  473bp   
   GCAGGTCTCACTCTTGGAGG     
IGFBP-5  GCTACGGCGAGCAAACCAAG  495bp   
   TACTGCTGTCGAAGGCGTGG     
IGFBP-6  GGCCGTCGGAAGAGACTACC  369bp   
   CCTGGCAGAGCACTGAGAGC     
GAPDH  CATCCTGCACCACCAACTGCTTAG  346bp   
   GCCTGCTTCACCACCTTCTTGATG    
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Table 2: GenBank accession number for IGFBPs detected in rat microglia 
 
IGFBP   GenBank accession number 
IGFBP-2   M31672; rattus norvegicus mRNA 
IGFBP-3   NM 012588; rattus norvegicus mRNA 
IGFBP-4   BC019836; mus musculus mRNA 
IGFBP-5   NM 012817 rattus norvegicus mRNA 
IGFBP-6   NM 013104 rattus norvegicus mRNA 
 
 
As compared with basal expression levels, we observed a decreased expression of 
IGFBP-4 and -6, two hours after stimulation with LPS, to 71.1% ± 2.1% (mean ± 
S.E.M.; p<0.05) and 55.6% ± 2.4% (p<0.005), respectively. This decrease was less 
pronounced after 24h, when mRNA levels for IGFBP-4 and IGFBP-6 were measured 
at 85.3% ± 2.9% (p<0.05) and 91.4% ± 3.1% (p<0.05), respectively (compared to 
basal levels). More profound effects were observed for IGFBP-5. mRNA levels for 
this IGFBP were undetectable after 2h LPS treatment. After 24h, IGFBP-5 mRNA 
levels were determined at 60.1% ± 3.2% (p<0.005), as compared to basal levels. 
Since the PCR technique is sensitive, we preformed controls to evaluate the presence 
of contaminating cells in isolated microglia cultures. Astrocytes and oligodendrocytes, 
the major contaminants, are known to express IGFBPs. As markers for these cell 
types, we utilized glial fibrillary acidic protein (GFAP) and 2`, 3`-cyclic nucleotide 3` 
phosphodiesterase (CNP) for astrocytes and oligodendrocytes, respectively. In 
controls, comprised of isolated RNA from astrocytes and oligodendrocytes, these 
markers were detectable at 22 cycles (data not shown). In microglial samples used in 
our experiments mRNA was detectable for both markers. However, PCR products 
were only obtained at 34 and 32 cycles for GFAP and CNP, respectively (data not 
shown). Since the number of amplifications needed to obtain a signal from 
contaminating cells was higher than those needed to obtain a signal for IGFBPs, we 
conclude that an influence of these cells on IGFBP expression levels in our 
investigation on microglia is minimal. 
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Figure 1: mRNA expression of IGFBPs in primary rat microglia 
Primary neonatal rat microglia were isolated and cultivated in culture medium containing 
10% FCS for 24h prior to treatment with 1ng LPS. mRNA was isolated and RT-PCR was 
performed. PCR products were separated on a 2 % agarose gel and stained with ethidium 
bromide. For all gels; MM = molecular weight marker, Con = untreated controls showing 
basal expression of IGFBPs, 2h = 2 hour stimulation with LPS, 24h = 24 hour stimulation 
with LPS. GAPDH levels were measured from the respective samples and used as an internal 
control. Similar results were found in 3 independent experiments. 
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Figure 2: Levels of IGFBP expression in primary rat microglia 
Band intensities of PCR products were densitometrically measured, normalized to GAPDH 
levels, and are depicted in the graph. Controls represent basal mRNA level for each IGFBP. 
2h and 24h represent a 2- and 24-hour stimulation with LPS, respectively. IGFBP-2 and –3 
mRNA levels remained unaltered after treatment. IGFBP-4 and –6 mRNA display a 
decreased expression after 2h stimulation. These levels rise after 24h. After 2h LPS 
stimulation IGFBP-5 could not longer be detected, with levels rising after 24h. Data 
represents mean ± SEM of three experiments. *, P<0.05 and **, P<0.005 when compared 
with control. 
 
 
Discussion 
 
Microglia are a highly responsive population of cells within the CNS, which are 
engaged in the recognition and elimination of invading pathogens, regulation of 
adaptive immunity, participation in homeostatic anti-inflammatory mechanisms, and 
neuroprotection. In vivo and in vitro findings have shown the production of 
neurotrophins and other neuron survival-promoting effects by microglia [18, 19]. 
Microglia become activated in a variety of CNS diseases and injury. IGF-1 is a 
mitogen for microglia, but little is known about mechanisms that regulate its actions. 
In this study, we examined the expression of IGFBP-1 to -6 in cultures of primary rat 



IGFBPs in microglia in vitro  105 

microglia in basal conditions and after LPS stimulation, one of the classical activators 
of microglia. Microglial responses to LPS are enhanced by LPS-binding protein, a 
molecule that binds LPS and transfers it to CD14, which interacts with toll-like 
receptors to transmit a signal and induce production of pro-and anti-inflammatory 
cytokines, chemokines, protaglandins, nitric oxide and growth factors [20]. The 
activation of microglia is readily observed in stroke, and hypoxic-ischemic brain 
injury, in neurodegenerative diseases, after direct or indirect axonal injury, or during 
inflammation due to infectious or autoimmune disease [16]. For example, during 
hypoxic-ischemic brain injury, microglia express IGF-1, and evidence indicates that 
IGF-1 plays a role in the proliferation of these microglia [2, 13].  
Several experimental reports have shown IGFBP-4, –5 and -6 to inhibit the actions of 
IGF-1 [5, 21]. It is tempting to speculate that the decrease in expression of these 
IGFBPs following microglial activation facilitates the autocrine/paracrine actions of 
IGF-1 to stimulate microglial proliferation. We found that stimulation of microglia by 
LPS resulted in a down-regulation of IGFBP-4, -5 and -6. This decrease in levels of 
IGFBPs was less substantial 24h after stimulation, however, levels did not rise to 
basal expression. 
The precise roles of IGFs in the injured or diseased CNS in vivo remain to be defined, 
although a neuroprotective and neurotrophic role may be especially relevant in CNS 
diseases. When considering the neuroprotective functions of microglia in wound 
healing or pathological events in the CNS, it is tempting to speculate about their role 
in IGF regulation. An immediate down regulation of inhibiting IGFBPs suggests such 
a role for microglia in promoting neuroprotective effects mediated by IGFs. 
 
Conclusion 
Microglia are involved in inflammatory reactions in acute CNS injury, multiple 
sclerosis and many neurodegenerative disorders. Because of its neuroprotective and 
myelinating properties there is increasing interest in using IGF-1 as a treatment of 
these disorders. However, IGF-1 can also act as mitogen for microglia. In 
inflammatory conditions, as mimicked in this study by the administration of LPS to 
microglia, a down-regulation of IGFBPs may promote the proliferative effects of IGF-
1 on microglia. Some of the neuroprotective effects of IGF-1 in pathological 
conditions might be mediated by their ability to stimulate proliferation of microglia. 
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