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1  Introduction

Microglia are the resident macrophage-like cells of the central 

nervous system (CNS) with a broad role in the brain’s innate 

immunity and in inflammatory neuropathologies (Nelson et 
al., 2002). they have been examined in hundreds of studies in 

animal models and in primary cultures. As their proliferation 

capacity is limited, they have to be isolated freshly for each ex-

periment. For a typical preparation of rodent microglia, 15-30 

brains are required to yield cells for a limited amount of experi-

ments on signalling or disease mechanisms. For biochemical 

work or chip expression analysis, considerably higher numbers 

are required. this has a large impact on overall animal con-

sumption in biomedical research. A cell line alternative would 

be highly desirable, as it would save animals, time and valuable 

consumables, and facilitate research work.

Microglia show great functional plasticity when activated. 

they are equipped with a broad range of pattern-recognition 

receptors of the toll-like receptor family (tlR family) to detect 

microbial intruders and brain damage (lee and lee, 2002; Fal-

sig et al., 2008). Most work on microglial activation and signal-

ling has been performed in vitro, frequently by using cell lines 

such as N9 (Corradin et al., 1993) and BV-2 (Blasi et al., 1990). 

Data on primary microglia (PM), isolated from brain cultures of 

neonatal pups (Giulian and Baker, 1986) or directly from adult 

mice (Baker et al., 2002) are more restricted, due to the limited 

yield of biological material. In addition, some ex vivo studies 

have been performed with freshly isolated microglia from dis-

eased brains (Baker et al., 2002).

BV-2 cells were derived from raf/myc-immortalised murine 

neonatal microglia and are the most frequently used substitute 

for primary microglia. they have been used e.g. for pharma-

cological studies (lund et al., 2005), studies of phagocytosis 

(Hirt and leist, 2003) and for many important immunological 

discoveries in altogether at least 200 publications. With respect 

to neurodegeneration studies, it is important that BV-2, similar 

Received 15th January 2009, received in revised form and accepted for publication 20th February 2009

Summary
The role of microglia in neurodegeneration, toxicology and immunity is an expanding area of biomedical 

research requiring large numbers of animals. Use of a microglia-like cell line would accelerate many 

research programmes and reduce the necessity of continuous cell preparations and animal experimentation, 

provided that the cell line reproduces the in vivo situation or primary microglia (PM) with high fidelity.  
The immortalised murine microglial cell line BV-2 has been used frequently as a substitute for PM,  

but recently doubts were raised as to their suitability. Here, we re-evaluated strengths and potential short-

comings of BV-2 cells. Their response to lipopolysaccharide was compared with the response of microglia 

in vitro and in vivo. Transcriptome (480 genes) and proteome analyses after stimulation with  

lipopolysaccharide indicated a reaction pattern of BV-2 with many similarities to that of PM, although  

the average upregulation of genes was less pronounced. The cells showed a normal regulation of NO  

production and a functional response to IFN-γ, important parameters for appropriate interaction with  
T cells and neurons. BV-2 were also able to stimulate other glial cells. They triggered the translocation of 

NF-κB, and a subsequent production of IL-6 in astrocytes. Thus, BV-2 cells appear to be a valid substitute 
for PM in many experimental settings, including complex cell-cell interaction studies.
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tical astrocytes were prepared according to a slightly modified 
version of a protocol by David e. Weinstein (Weinstein, 1997) 

as described in detail earlier (Falsig et al., 2004; 2006) 

2.4  Standard cell incubation scheme for array (PM 
and BV-2) and proteomics experiments (BV-2)
All cell incubations were performed at 37°C, 5% CO2 and 95% 

relative humidity. Suspended PM (see above) were seeded at 

3 million cells/Petri dish (surface area 20 cm3) in 5 ml me-

dium. After 25 min of incubation, loosely adherent cells were 

removed by tapping the sides of the dish, followed by two 

washes in PBS. After overnight incubation, cells were washed 

once in PBS, followed by addition of 5 ml medium (1% FBS). 

Cells were stimulated with lPS (100 ng/ml) for 4 or 16 h, and  

100 µl of the supernatant was sampled for cytokine analysis be-

fore cells were harvested for RNA extraction. 

BV-2 cells (murine microglia, kindly provided by e. Blasi, 

Perugia) (Blasi et al., 1990) were maintained in Roswell Park 

Memorial Institute (RPMI) medium 1640 supplemented with 

10% FBS and antibiotics (penicillin 100 U/ml, streptomycin 

100 µg/ml). Antibiotics were omitted for the functional stud-

ies and also for maintenance during the later parts of the study. 

Stimulations of BV-2 were always performed in 2% FBS. BV-2 

cells were cultured as described for PM, except that only half 

the number of cells was plated and RPMI was replaced by 

Dulbecco’s Modified Eagle Medium (DMEM). For proteom-

ics analysis the BV-2 cells were stimulated for 24 h, washed 

twice with PBS, and then lysed in 2% SDS with 0.1 M tris (pH 

8.8). In all experiments viability of the cells was controlled by 

various standard methods as described earlier (leist et al., 1997; 

Volbracht et al., 1999; latta et al., 2000).

2.5  Cytokine and nitrite determination 
the murine cytokines interleukin-6 (Il-6) and tumour 

necrosis factor-α (TNF-α) were measured in MaxiSorp plates 
from Nunc (Langenselbold, Germany) using murine specific 
OpteIA™ elISA kits from Pharmingen (Brøndby, Denmark) 

according to the manufacturer’s protocol. 

Nitrite [surrogate marker for nitric oxide (NO)] was measured 

by use of the Griess reagent from Sigma-Aldrich. In brief, 70 µl 

supernatant or NaNO2 standards were mixed with 30 µl N-(1-

naphtyl) ethylendiamine (0.1% in H2O) and 30 µl sulfanilamide 

(1% in 1.2 N HCl) in a 96-well plate. After 3 min, samples were 

read at (570–690 nm) in a spectrophotometer.

2.6  NF-κB translocation
For quantification of nuclear factor κB (NF-κB) translocation, 

cells were plated at 10,000 cells/well in DMeM with 10% FBS. 

After one week of incubation, the FCS concentration was re-

duced to 2% FCS. the cells were treated for one hour with BV-

2-conditioned medium (CM) or LPS-control and then fixed with 
4% paraformaldehyde for 10 min. After permeabilisation with 

0.1% triton-x100 in PBS, the cells were blocked with 10% 

FCS in PBS. The primary antibody (purified mouse anti-NF-κB 

p65, clone: 20/NF-κB/p65, final dilution: 1:200) was purchased 
from BD Biosciences (San Jose, CA USA), and the binding was 

visualised with an Alexa-488-labelled secondary antibody (Sig-

to primary microglia, express functional NADPH oxidase, an 

enzyme frequently implicated in microglia-triggered neuronal 

damage (Wu et al., 2006; Yang et al., 2007). However, doubts 

have been raised that this cell line does not always model the 

reaction of primary microglia in culture or in the brain (Hausler 

et al., 2002; de Jong et al., 2008; Horvath et al., 2008). In one 

study, BV-2 were compared to primary rat microglia, introduc-

ing a bias of species differences and different analysis method-

ology, e.g. for cytokine elISAs. In another approach, data were 

obtained on the comparison of primary murine microglia and in 

vivo microglia activation. In this study, some proteins induced 

in BV-2 were shown to correspond to upregulated genes in pri-

mary microglia (lund et al., 2006).

In extension of this study, we sought here to broadly charac-

terise the BV-2 inflammatory response in comparison to primary 
microglia and microglia in vivo. Most inflammatory mediators 
are regulated on the transcriptional level, and gene expression 

profiling allows the examination of multiple endpoints simulta-

neously. As a consequence, there are great expectations that this 

approach may help to characterise the usefulness and limitations 

of BV-2 as an alternative in vitro model, without resorting only 

to some randomly chosen endpoints and assays. We present here 

the lipopolysaccharid (lPS) response pattern of microglia and 

BV-2. We focused on about 500 inflammation-related genes 
analysed by competitive hybridisation. Finally, the outcome of 

these studies was correlated with data from proteomics analysis, 

with in vivo microglia analysis, and with functional capacities 

of BV-2 cells relevant for various biological questions.

2  Animals, materials and methods

2.1  Materials and chemicals 
tissue culture material was obtained from Greiner Bio-One 

GmbH (Frickenhausen, Germany), media, phosphate-buffered 

saline (PBS), antibiotics and foetal bovine serum (FBS) were 

obtained from GIBCO (Invitrogen, Karlsruhe, Germany) and 

lPS (Salmonella abortus equi) was purchased from BioCloth 

(Aidenbach, Germany). 

2.2  Animals and in vivo experimentation
All experimental procedures were carried out in accordance 

with national (directive of the Danish National Committee on 

Animal ethics) and international laws and policies (eeC Coun-

cil Directive 86/609, OJ l 358, 1, Dec.12, 1987; Guide for the 

Care and Use of laboratory Animals, U.S. National Research 

Council, 1996). Pregnant C57bl/6J and male C57bl/6J mice (3 

months of age) were purchased from M & B (lille Skensved, 

Denmark). For the current study, no new animal experiments 

were performed; instead historic animal data were used for 

comparison. Mice were treated as described in detail by lund et 

al. (lund et al., 2006). 

2.3  Primary cultures 
Primary microglia cultures were prepared as initially described 

by Giulian and Baker (Giulian and Baker, 1986) using the adap-

tations described earlier (lund et al., 2005; 2006). Primary cor-
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5´- GGG CAC AtG CAA GGA AGG GAA CtC -3´. tlr2 sense 

(NM_011905.2): 5´- CCt CCG tCt tGG AAt GtC ACC 

AGG -3´, anti-sense 5´- GAG CCA CGC CCA CAt CAt tC 

-3´. tlr3 sense (NM_126166.3): 5´- GCC CCC ttt GAA CtC 

CtC ttC -3´, anti-sense 5´- AGA tCC tCC AGC CCt CGA 

tG -3´. tlr4 sense (NM_021297.2): 5´- GAG tCA GAA tGA 

GGA CtG GGt GAG -3´, anti-sense 5´- GGA AtA AAG tCt 

CtG tAG tGA AGG CAG -3´. gsr1 sense (NM_010344): 5´- 

AGA tGt tGA CtG CCt GCt CtG G -3´, anti-sense 5´- tCt 

CCC ACA GCA tAG ACG CC -3´. nod2 sense (NM_145857): 

5´- CAG GCA GCt CAG Gtt GAC tCt G -3´, anti-sense 5´- 

tAG AAA GCG GCA AAA AAG CAC tGG AAG -3´.

2.9  Transcript analysis by oligonucleotide 
hybridisation analysis (Neuroflame)
A list of mouse cytokines, apoptotic mediators and inflammato-

ry factors was compiled (Falsig et al., 2006; lund et al., 2006). 

For each of these genes one oligonucleotide (40-50mer) was 

designed by MWG (MWG, ebersberg, Germany) using their 

proprietary Oligo4array software and CodeSeq database, which 

selects the oligos preferentially from the 3´-region of each cod-

ing sequence. the oligomers were spotted onto activated glass 

slides (Pan epoxy, MWG or Codelink, Amersham) using a 417 

Affymetrix (ring and pin) spotter. Sample preparation and la-

belling was carried out as described (lund et al., 2006). total 

RNA (12-15 µg) was reverse transcribed using random hexam-

ers, incorporating amino-allyl dUtP into the 1st strand cDNA. 

Cy-3 or Cy-5 dye esters, respectively were coupled to the cDNA 

samples. each slide was scanned in a 428 Affymetrix confo-

cal laser scanner at three different intensities (photo multiplier 

gains). Cy3/Cy5 ratio normalisation was carried out by multi-

plying each ratio value with a scaling factor, which was defined 
as the ratio of the overall signal intensity of the Cy5 versus Cy3 

channel (Knudsen, 2002). each microarray experiment was per-

formed at least twice independently, each with duplicates. to 

further account for bias introduced by dye bleaching or label-

ling, each experiment was carried out as dye-swap experiment 

with the resulting ratio value being the arithmetic mean from 

two slides of oppositely labelled sample pairs. 

2.10  Array statistics
For each time point, two independent biological experiments 

were performed. For each data point, total RNA was extracted 

from six animals and pooled before hybridisation. each pool 

of RNA was split, and then one fraction each was labelled with 

Cy3 and Cy5. Competitive hypridizations on the chip were 

performed in both directions (dye swap). thus, a total of four 

hybridisations (chip experiments) was obtained for each time 

point analyzed. Genes regulated ≥1.8 fold (up or down) in 3 out 
of 4 hybridisations were considered regulated, but only if they 

had a signal intensity of more than 5 fold above background. 

equivalent numbers of hybridisations and threshold values were 

used to identify gene regulations in BV-2 and primary microglia 

cells. the material for a competitive hybridisation (lPS vs. con-

trol) was however pooled from 8 independent experiments per 

condition. Neuroflame values displayed in Table 1 are the arith-

metic means of the 4 ratios pertaining to a given experiment. 

ma-Aldrich, St. louis, MO, USA). Cells were counterstained 

with H-33342 and the nuclear translocation/intensity of NF-κB 

was quantified with a Cellomics ArrayScan™, using the pre-
defined algorithm “molecular translocation”. The principle is 
based on cell image acquisition with a high resolution CCD 

camera, followed by automatic identification of cells (based on 
nuclear staining with H-33342). the nuclear-cytoplasmic ratio 

of antigen (NF-κB p65) signal intensity was quantified by divid-

ing the average antigen intensity in the nuclear area (A) by the 

average antigen intensity of a ring around this area, that covered 

a cytoplasmic rim (B). “Activated cells” were defined as the 
percentage of cells whose A/B ratio was one standard deviation 

above the average A/B ratio obtained automatically from the 

reference wells containing untreated control cells.

2.7  BV-2 conditioned medium (CM)
BV-2 were seeded in a T175 flask and incubated overnight in 
DMeM and 2% FCS. Cells were treated with 50 ng/ml lPS 

in 25 ml DMeM and 2% FCS for various time points. After 

the incubation, the supernatant (= CM) was filtered with a 0.22 
µm sterile filter (TPP®; trasadingen, Switzerland) to remove 

cells and cell debris. For lPS-control medium, BV-2 were in-

cubated for 24 h with medium only. lPS (50 ng/ml) was then 

added to filtered medium afterwards. Aliquots were frozen in 
liquid nitrogen and stored at -80°C. For activation of primary 

astrocytes, CM was thawed and pre-warmed. Astrocyte growth 

medium was then removed and substituted with different vari-

ants of CM.

2.8  RNA extraction, RT PCR and quantitative PCR
total RNA was extracted using tRIzol from Invitrogen and 1 

µg of total RNA was reverse transcribed with Superscript™ II 

Reverse transcriptase (Invitrogen) using random hexamers and 

Oligodt-Primer in a 20 µl reaction according to the manufac-

turer’s protocol. PCR amplification of the cDNA was quantified 
using the Platinum® SYBR® Green qPCR SuperMix-UDG kit 

(Invitrogen). Using the iCycler data analysis software (Bio-Rad, 

Hercules, CA, USA), the threshold cycle (Ct) was determined 

for each sample. The amplified cDNA levels were compared 
among different groups using the delta-delta method. Primers 

used were gapdh sense (NM_008084): 5´-tGC ACC ACC AAC 

tGC ttA G-3´, anti-sense: 5´-GGA tGC AGG GAt GAt Gtt 

C-3´. il1-b sense (NM_008361.3): 5´- ttt ttG ttG ttC AtC 

tCG GAG CCt GtA G-3´, anti-sense: 5´- GAG CAC Ctt 

Ctt ttC Ctt CAt Ctt tG-3´. Ccl2 sense (NM_011333): 

5´-CAt GCt tCt GGG CCt GCt Gtt C-3´, anti-sense 5´-

CCt GCt GCt GGt GAt CCt Ctt GtA G-3´. rig1 sense 

(NM_172689): 5´- GAC CAG AGC ACt CGt GGA tG -3´, 

anti sense: 5´- GGA GCG tCA ttC CtG ttG CC-3´. ifit3 

sense (NM_010501): 5´- GGC tGA AtG Gtt ttG GGG ttt 

G-3´, anti sense: 5´- CAG Gtt CAt GGt GCC AGG AAA 

A-3´. u-pa sense (NM_008873.2): 5´- AGG ttt ACt GAt 

GCt CCG ttt GGt tC-3´, anti-sense: 5´- ttt ACG ACG 

GAC Att ttC AGG ttC ttt-3´. tdk-i sense (NM_020557): 

5´- GGA tGC GCt GCA CAC CAA tt -3´, anti-sense 5´- tAG 

CtC Ctt GGC CtC CGt ttG -3´. i-nos sense (NM_010927): 

5´- ttG CCA CGG ACG AGA CGG AtA GG -3´, anti-sense 
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2.11 Proteomics analysis 
the differential and quantitative protein expression analysis was 

performed as described previously (Groebe et al., 2007) and is 

based on radio-iodination, 2D-PAGe and high sensitivity radio 

imaging. In brief, small amounts of each sample were labelled 

with 125I and 131I for differential pattern control. the signals 

from these two isotopes were used for statistical treatment of 

abundance differences (Schrattenholz and Groebe, 2007). Spots 

were analysed first with a high throughput peptide mass finger-
print procedure based on MAlDI-tOF-MS. For those spots 

for which no unambiguous identification was achieved a frag-

ment ion analysis based on lC-eSI-Iontrap-MS/MS was added 

(lund et al., 2006; Groebe et al., 2007).

3  Results

3.1  The inflammatory gene pattern trigged by LPS 
in BV-2 cells
BV-2 showed a broad response of gene activation after expo-

sure to lPS with many different types of genes activated (tab. 

1). We used primary microglia (PM) data published earlier 

(lund et al., 2006) for a comparison of the transcriptional re-

sponses of PM and BV-2. the experiments and analyses were 

performed for all cell types in exactly the same way. this com-

parison showed that BV-2 cells have an overall response pat-

tern that parallels that of PM. Virtually all (90%) of those genes 

that were regulated in BV-2 were also found in PM. However, 

Tab. 1: Upregulation of genes by LPS in primary microglia and BV-2 cells

Primary murine microglia (PM) or BV-2 cells were stimulated with LPS (100 ng/ml) for 4 or 16 h before isolation of mRNA. Transcriptional 

changes were examined by chip analysis using Neuroflame arrays. Genes up-regulated significantly in BV-2 were selected for display of 
their regulation (numbers = fold upregulation) in PM and BV-2. Only statistically significant data are displayed. The transcripts that were 
significantly increased in PM, but not BV-2 are listed below. Their gene identifier and the extent of up-regulation, as well as the genes that 
were present on the chip, but not regulated at all may be retrieved from (Lund et al., 2006): BID, BID3, Bcl2-like 11, Birc1e, Birc2, Birc3, 

CFLAR, CHOP-10, Daxx, Fas, TNFrsf5, Cox-1, Cox-2, Phospholipase a2, PIK3C2gamma, Sphingosine kinase1, u-Pa, VCAM1, AGTR-
like1, BACE, Bcl3, HspA5, Cathepsin m, Cd83 antigen, Clic4, Coagulation factor III, Cytochrome P450 IV, Disc1, MyD118, GRK4, GRK6, 
IER3, NaC1, Nurr77, Peroxiredoxin 5, PHLDA1, Pleiotropin, PNP, RELB, Trim30, Trem3, Ubiquitin-protein-ligase, VMAT2, BALB/c gp49b 

gene, casp1, Cd86 antigen cd86, CCl2, CCl7, CXCL5, RDC1, CCR1, CCRL2, CCR2, CSF2, Endothelin 1, IL12Rb2, IL-1ra, IL23a, IL18, 

IRAK3, NGFb, OSM, OSM-R, C3, CAT2, GBP, IFNß, Irg1, iNOS, MSR1, Myeloperoxidase, NFκB-P49/p100, SOD1, SOD2, TLR1, H-2I 
gene for class 1 MHC glycoprotein, pBR, Proteasome SU28-beta, PSMB9

                                     BV-2                               PM

Cytokines / Chemokines    4h  16h   4h   16h

Chemokine ligand 3, MIP-1 alpha, Ccl3  6.6  2.6  23.3  10.3

Chemokine ligand 4, MIP-1 beta, Ccl4  6.5  3.6  27.6  4.1

Interleukin 1 beta  13.5   141.9  10.8

Immune receptors and associated genes

Inter-Cellular Adhesion Molecule 1, ICAM1  4.0   4.1

I(Kappa)B(alpha), NFkBia  4.7   4.8  4.8

NFkB1-P50/105  2.3   3.6  2.4

Toll-like receptor 2 ,TLR 2  6.2  2.8  7.0

Glycoprotein 49a, gp49a  2.7   2.2
Cd209a antigen   2.2  3.9

Suppres s or of cytokine signaling 3,SOCS3  2.5  1.9  28.6  19.9

Cell death

B-cell leukemia 2 related protein a1a, BclA1a  4.5   10.0  4.5

Caspase9  5.2  2.5  16.3  5.6

Caspase4/caspase11  2.9  3.6  8.0  4.3

Stress related genes

Ccaat/enhancer binding protein - delta  5.0  2.4  2.5  2.9

Thymidylate kinase, lps-inducible member, TDKi   2.0  45.2  3.4

Interferon-ind. prot. with tetratricopeptide rep. 1, Ifit1  2.0   23.2  6.9
Interferon-ind. prot. with tetratricopeptide rep. 3 ,Ifit3   9.7  25.2  3.6
Interferon regulatory factor 1, Irf1  2.0   6.8

Serum amyloid a2, SAA2  14.9   4.1

Serum amyloid a3, SAA3  4.5   3.7
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the BV-2 response was weaker and narrower than the response 

of PM. Only 17% of the genes detected to be significantly 
regulated in PM were also detected in this analysis in BV-2 

(Fig. 1A). One theoretical explanation for the limited number 

of gene inductions may be a high basal activation state of BV-2 

cells. However, the levels of inflammatory mediators (TNF-α, 
IL-1β and NO) in non-stimulated cultures were always under 
the detection limit of conventional detection methods, and were 

greatly enhanced upon lPS stimulation. On that basis, a high 

basal activation state of BV-2 cells was ruled out. this is also in 

agreement with data from earlier work, where we found solid 

activation of inflammation related kinases (JNK and p-38) as 
well as transcription factors (c-JUN and NF-κB) when resting 

cells (primary or BV-2) were stimulated with lPS (lund et al., 

2005). Another explanation could be that the rich inflammatory 
profile observed for primary microglia results from transcripts 
originating from contaminating cells in the cultures. However, 

microglial cultures are routinely established in our and other 

labs with high purity. We characterised our cultures extensively 

with biochemical and immunocytochemical methods, and con-

taminations with neurons, astrocytes or endothelial cells were 

below 5%. Furthermore, the broad transcriptional pattern iden-

tified here is relatively similar to that of LPS-stimulated mac-

rophages (Rosenberger et al., 2000). Microglia are believed to 

adopt many features of macrophages when stimulated (Kappler 

et al., 1997; Qin et al., 2005), which makes this overlap in re-

sponse pattern very plausible. 

3.2  In vivo transcriptional response of microglia 
compared to the response of LPS-stimulated BV-2
The most relevant comparison for the fidelity of the BV-2 system 
is not the neonatal PM culture, but the real reaction of microglia 

in vivo. We made use of a unique set of well-characterised data 

on in vivo activation of microglia (lund et al., 2006) for this 

comparison. I.c.v. injection of lPS induced a robust expression 

of several inflammatory gene clusters also identified in vitro. 

Notably, the temporal dynamics of the cerebral inflammation 
was distinct from that observed in vitro. the response peaked 

after 4 h and then returned almost to baseline after 16 h, while 

a continuous up-regulation was observed for primary microglia 

in vitro (tab. 2). A striking correlation was found for the tran-

scripts induced by lPS in vitro and in vivo (after 4 h) for some 

families of inflammatory mediators. For instance, there was a 
very high correlation for the class of interferon regulated pro-

teins when comparing in vitro with in vivo (95%). However, 

this did not hold true for all genes. In a broad analysis of several 

hundred genes about 33-37% overlap has been observed over 

multiple gene families (lund et al., 2006). In this context, it was 

a remarkable finding of the present study that the BV-2 response 
predicted the in vivo response with 54% likelihood (Fig. 1B), 

and the genes found in vivo were also detected in BV-2 at a 

rate of 41%. Considering the methodological limitations and the 

broad range of different genes, this appears to be a remarkably 

good overlap. 

3.3  Confirmation of mRNA expression
Chip-based transcriptome analysis gives an overview over gen-

eral regulation patterns and indicated here that many groups of 

genes already known from PM are also regulated in the same 

direction in activated BV-2. Regarding exact quantification 
and sensitivity, PCR is superior to the chip analysis we used. 

therefore we analysed a subset of genes related particularly to 

host defence in the brain by quantitative PCR. Regulation of 

such genes similar to the pattern known from microglia would 

be essential for the use of BV-2 as a model for infection and 

inflammation in the brain. Indeed we found very high overex-

pression (30-200 fold) of genes such as the chemokine CCl2, 

interleukin-1β, inducible nitric oxide synthase (iNOS), the in-

flammation marker thymidylate kinase-1 or the viral defence 
protein Rig-I (Fig. 2A). Also, genes for the pattern recognition 

receptors tlR-2, tlR-3 and NOD-2, the antioxidant enzyme 

glutathione reductase or the macrophage inflammation mark-

er IFIt-3 were clearly upregulated (Fig. 2B,C), while e.g. the  

mRNAs for the astrocyte marker uPA or the usually constantly 

expressed tlR-4 were not induced. these data show that genes 

not detected by the broad chip approach are also regulated in 

BV-2 and indicate that the overall response of these cells may 

actually be broader than indicated by the chip analysis.

Fig. 1: Overlap of genes regulated by LPS in PM and in BV-2 

cells

Mice (i.c.v. injection), primary microglia (PM) or BV-2 cells were 

stimulated with LPS. (A) The overlap is indicated in percent of 

regulated genes on the Neuroflame chip when comparing BV-2 
to PM or vice versa. (B) Comparison of hippocampal microglial 

gene regulations (in vivo) with BV-2. Genes were considered 
regulated (n), when they exceeded ≥1.8 fold average induction in 
their respective systems at least at one time point. The percentage 

numbers with right-pointing arrow indicate how many percent of 

the genes to the left are also regulated in the system on the right. 

The percentage numbers with left-pointing arrow indicate how 

many percent of the genes to the right are also regulated in the 

system on the left.
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(the mitochondrial inducible form of SOD; SOD-2) was clearly 

upregulated in lPS-stimulated BV-2. SOD-2 induction is a typi-

cal inflammation marker and was also detected on the transcrip-

tional level in PM. In BV-2 the transcriptional changes were un-

der the detection threshold and our proteomics findings confirm 
that BV-2 show a broader inflammatory response capacity than 
may be indicated from the chip findings with relatively hard sig-

nificance rules (Fig. 3). Also, Peroxiredoxin I (Prx I) was clearly 
up-regulated on the protein level (Fig. 3). this protein is well-

known to be specific for glial cells (Hattori and Oikawa, 2007) 
and to be an indicator of microglial activation in vivo (Krapfen-

bauer et al., 2003; Kim et al., 2008). It was not detected by chip 

analysis (neither in PM nor BV-2), but shows that BV-2 indeed 

behave similar to microglia in vivo.

3.4  Detection of LPS-regulated proteins in BV-2
When inflammatory activation is examined, proteomics analy-

sis is in many respects complementary to chip analysis. typical 

inflammation markers are membrane or secreted proteins. These 
protein types are poorly recovered by standard (2D-gel based) 

proteomics approaches. On the other hand, regulation of RNAs 

of normal soluble proteins is often hard to detect because of their 

high baseline expression. therefore, we used a proteomics ap-

proach to test whether such typical soluble markers of inflam-

mation were detectable in activated BV-2 cells. the cells were 

stimulated with lPS for 24 hours and analysed by a ratiometric 

approach on 2D-gels. Thirty-two specifically upregulated proteins 
were detected. About 10 were identified by sequencing (Lund et 
al., 2006). For instance, manganese superoxide dismutase (SOD) 

Tab. 2: Comparison of LPS regulated genes in BV-2 with LPS regulated genes in vivo

Mice were injected i.c.v. with LPS (2.25 µg/brain) or vehicle. After 4 or 16 h total hippocampal RNA was purified and expression-profiled 
on arrays. All genes significantly regulated on the Neuroflame array are listed (historical data). The data columns indicate the ratio of 
up-regulation. For purposes of comparability, the table lists the data obtained in vitro from primary microglia (PM) and BV-2 cells on the 

same genes. Biological material was obtained from at least two independent cell- or animal experiments (n = 6 animals/group) and was 

analysed by 4 independent chip hybridisations. Neuroflame regulations were considered significant if a gene was regulated ≥1.8 fold in 3 
out of 4 hybridisations. 

             i.c.v.         PM    BV-2

 4h  16h  4h  16h  4h  16h

B-cell leukemia/lymphoma 2 related protein a1a  2.7   10.0  4.5  4.5

Caspase 4/ caspase 11  2.3   8.0  4.3  2.9  3.6

Ccaat/enhancer binding protein, delta  1.9    2.9 5.0  2.4

Cd14 antigen  2.1  1.9   3.1

Cyclin-dependent kinase inhib. 1a (p21), Cdkn1 a  2.0    1.9

Chemokine ligand 12, MC P -5, Ccl12  2.1   32.0  14.0

Chemokine ligand 4, MIP-1 beta, C cl4  3.7  2.8  37.6  4.1  6.5  3.6

Chemokine ligand 5, RANTES, C cl5  4.4  2.4  25.1    3.2

Chemokine ligand 1, Cxcl1  4.3  3.2  45.1  17.5

Chemokine ligand 11, ITAC , Cxcl11  2.2   4.0  7.0

Chemokine ligand 2, MIP-2, Cxcl2  8.6  4.8  92.6  35.4

Chemokine ligand 9, Cxcl9  3.3   27.8  6.8

Chitinase 3-like 1  2.1  2.1

Cytochrome P450, family 2  2.3   17.1  6.5

Guanylate nucleotide binding protein 2  2.5   28.8  3.0
Interferon-ind. prot. with tetratricopeptide rep. 1, Ifit1  3.0   23.2  6.9  2.0
Interferon-inducible GTPase  2.6   17.9  3.4
Interleukin 12, IL12  2.8   10.5  2.8

Interleukin 6, IL6  3.7   56.7  24.5

Lipocalin 2   1.9   3.3   5.1

Matrix metalloproteinase 3, MMP3  3.7   5.3  11.9

Proteasome subunit, beta type 8  2.1

Pentraxin related gene, Ptx3,  2.5  2.6   7.0

Serum amyloid a2, SAA2  3.7   4.1   14.9  15.9

Serum amyloid a3, SAA3  3.3     4.5  4.8

Suppres s or of cytokine s ignaling 3, SOCS3  2.6   28.6  19.9  2.5  1.9

Thymidylate kinase, lps-inducible member, TDKi  5.5   45.2  3.4   2.0

Toll-like receptor 2 ,T LR2  1.9   7.0   6.2  2.8

Zinc finger protein 36  2.4   6.7
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Fig. 3. Proteomics analysis of LPS-stimulated BV-2 cells

BV-2 cells were stimulated for 24 h with saline or LPS (100 ng/ml) before preparation of protein samples, which were subsequently 

separated on 2D gels. For spot quantification, samples were analysed by the proteotope method (differential labelling with iodine-
isotopes, remixing before the 2D run and ratio-imaging of each spot; visualised here in blue and orange). Differentially expressed proteins 

were identified by mass spectrometric sequencing. Total protein from four independent biological experiments was pooled and run in 
triplicates. One representative gel is shown (left) with blue spots being proteins more abundant in LPS-stimulated cells than in control 

cells. The enlargements to the right show examples of two regulated proteins with both reverse labelling approaches of the Proteotope 

technology. Protein spot 30 (top) was identified as the inducible form of superoxide dismutase (SOD-2). Protein spots 24-27 (bottom) are 
all variants of peroxiredoxin I (Prx I). Both example proteins are clearly upregulated by LPS, and this is independent of the labelling mode. 

Blue indicates labelling with J-125, orange indicates labelling with J-131. 

Fig. 2: Analysis of transcriptional regulation of genes 

associated with inflammation and host defence in BV-2
BV-2 cells were stimulated with 50 ng/ml LPS for the times 

indicated, before mRNA was extracted and analysed by 

quantitative PCR. All amplified products were first standardised 
to the gapdh transcript, and then the stimulation factor was 

calculated as relative expression of LPS treated cells and 

untreated cells. Data are means ±SEM of triplicate determinations 

from three biological samples. Abbreviations: tdk-i = inducible 

thymidylate kinase, ccl-2 = chemokine (c-c motif) ligand 2, il1-b 

= interleukin 1 beta, rig1 = retinoic acid-inducible gene I, ifit3 = 
Interferon-induced protein with tetratricopeptide repeats 3, gsr1 = 

glutathione reductase 1, u-pa = urokinase plasminogen activator, 

tlr2 = toll-like receptor 2, tlr3 = toll-like receptor 3, tlr4 = toll-like 

receptor 4, nod2 = nucleotide-binding oligomerisation domain 

containing 2.
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in basic research is mostly determined by confidence of the sci-
entific community in the data that can be generated. Additional 
factors, much more important than in the field of toxicology, are 
the price of the assay and the speed of data generation. Regard-

ing the latter two parameters, BV-2 cells are clearly superior 

to primary microglia and animal experiments. For this reason, 

there are several hundred related publications, some of them 

involving important discoveries. these were later frequently 

confirmed in other cells, and would often not have been possi-
ble in vivo, or would have been technically virtually impossible 

with the use of PM. In many publications using BV-2 cells, the 

3.5  Interferon responsiveness
For the functional integration into an immune response (e.g. in 

the pathology of multiple sclerosis) it is important that model 

cells (such as BV-2) cannot only respond to inflammatory stim-

uli such as lPS, but also to cytokines, such as interferon gamma 

(IFN-γ) in an appropriate way. We examined here the respon-

siveness to IFN-γ based on the known facts that induction of 
tNF-α by LPS is independent of IFN-γ in PM, while the strong 
expression of iNOS, leading to high production of nitrite in the 

medium is strictly dependent on IFN-γ. Indeed, nitrite was only 
produced by BV-2 cells in the presence of the cytokine (Fig. 

4A), and this production was very pronounced. As expected, 

IFN-γ had no augmenting effect on the production of TNF-α 
after lPS stimulation (Fig. 4B). the selectivity of the induction 

by IFN-γ was also analysed on the transcriptional level, where 
a large boost of iNOS mRNA expression was observed, while 

IL-1β was little affected, as expected from the literature on PM 
(Fig. 4C). 

3.6  Functional stimulation of astrocytes
Finally, we examined the functional capacity of BV-2 in trig-

gering cell-cell interaction. Microglia constitute the first line 
of defence in the brain and their acute mediators then activate 

astrocytes (Falsig et al., 2008). therefore, it was essential to 

examine whether BV-2 were capable of activating astrocytes. 

We stimulated BV-2 cells with lPS and then transferred the 

culture supernatants (CM) to astrocytes. these supernatants 

contained considerable amounts of TNF-α, but not IL-6 (Fig. 
5A). Murine astrocytes do not react to lPS (Falsig et al., 2004; 

Falsig et al., 2006; Falsig et al., 2008) with cytokine release 

or activation of the inflammation master switch NF-κB (Fig. 

5A). However, NF-κB translocation, which controls dozens of 

downstream inflammation events, was triggered in astrocytes 
by BV-2-conditioned medium (CM) (Fig. 5B). to investigate 

further whether NF-κB translocation driven by CM from BV-2 

indeed has functional consequences in astrocytes, we measured 

the release of Il-6 under the different stimulatory conditions. 

Again, BV-2 CM triggered a significant increase in IL-6 release 
(Fig. 5C). this indicates a capacity of BV-2 cells to take part in 

and to trigger a complex biological process usually observed 

under in vivo conditions.

4  Discussion

We examined various functions of BV-2 cells in relation to their 

potential role as substitute for primary microglia, and the pos-

sibility to replace in vivo experiments by cell culture models. 

What can be achieved by such approaches? At present, the ma-

jor part of experimental animals (>6 million/year in the eU) are 

used for basic and applied research. thus, the stakes are very 

high in this area. As the biomedical research field is much less 
standardised than regulatory toxicology, it has been difficult to 
establish and validate clear 1:1 replacement systems. On the 

other hand, the biomedical field does not require the time-con-

suming and cumbersome validation process that is necessary for 

safety evaluations. the value of a potential replacement method 

Fig. 4: Interferon-γ responsiveness of BV-2 cells
BV-2 cells were stimulated with 50 ng/ml LPS in the presence 

or absence of murine IFN-γ (5 ng/ml). (A) Supernatants were 
removed from 96-well plates after 24 h, and the concentration of 

nitrite was determined by the Griess assay. (B) Supernatants were 
removed from 96-well plates after 8 h, and the concentration of 

TNF-α was determined by ELISA. (C) Cells were harvested for 

RNA preparation after the times indicated. Relative mRNA levels 

were determined by real-time PCR. Data are means ±SEM from 

triplicate determinations (n = 3). *: p ≤ 0.05 by t-test. inos = mRNA 

of inducible nitric oxide synthase; il-1b = mRNA of interleukin-1β.
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in many more cases similarities have been described. It needs to 

be noted that also PM have disadvantages and may yield errone-

ous data. It is for instance very difficult to obtain absolutely pure 
cultures of PM, and some contributions may arise from contam-

inating cells. In most cases, also the term “primary microglia” 
is misleading, as these cells are kept in a primary mixed glial 

culture for about 2 weeks after isolation, until they are re-plated 

and then used in secondary cultures. During the initial 2-week 

period, the cells phagocytose large amounts of neuronal debris 

left over from the isolation procedure and may thus be modified 
already. On top of this, it needs to be considered that the cells 

are usually isolated from neonatal brains and may therefore not 

represent adult microglia. Finally, microglia are a relatively het-

erogeneous cell population, with marked species and regional 

differences within the brain (Mahe et al., 2001; Guillemin and 

Brew, 2004), and thus PM may not always be representative.

this needs to be remembered when comparing the value of 

BV-2 in relation to PM/in vivo in practical terms. the general 

validity of cell line models (Hartung, 2007b) vs. animal models 

(Hartung, 2008a) has been discussed elsewhere. Concerning the 

validation process (Hartung, 2007a), it is impossible to deter-

mine the value of a cell line in general, as it is impossible to 

compare the cell line with PM for each and every application 

that may have arisen in the past and may still arise in the future. 

An approach to this apparent dilemma is to examine the reac-

tion pattern in certain application domains between cell line and 

primary cells or in vivo models. If the overall pattern is highly 

overlapping for a certain domain, it is likely that also in most 

cases not tested, a high degree of overlap would occur. 

In this study we evaluated BV-2 for the use in inflammation 
studies. this is one of the major uses of microglia, and now 

doubt has been raised in this particular domain on the value 

of BV-2 as a model system. In a recent study, BV-2 have been 

compared to primary microglia, but the primary microglia were 

derived from rats, while BV-2 are murine cells. In many assays 

of this study (Horvath et al., 2008), BV-2 behaved very similar 

to PM, while there were mostly quantitative differences in oth-

ers. the authors concluded from the relatively small data set 

that data from the BV-2 cell line may not be credible, if not 

backed by PM data (Horvath et al., 2008). In contrast to this, we 

observed in the past that BV-2 very often behaved similarly to 

PM. this was not only true for cytokine secretion, but also in 

very complex assays examining MAP kinase signalling (lund 

et al., 2005) and phagocytosis (Hirt and leist, 2003). Of course, 

occasional differences were also observed, often of quantitative 

nature. therefore, we used a different type of approach for the 

comparison here. Instead of individual assays, we looked at the 

overall pattern of gene activation at the start of this study. 

Basic microglial gene expression has been described for 

murine (Re et al., 2002) and rat primary cells (Duke et al., 2004) 

in addition to a murine cell line (Inoue et al., 1999). Changes in 

the transcriptional profile of primary rodent microglia in differ-
ent conditions, such as after exposure to IFN-γ (Moran et al., 
2004), TGF-β (Paglinawan et al., 2003) or colony-stimulating 
factors (Re et al., 2002), have been described. For inflammatory 
stimulation, data can be found for human microglia (Walker et 

al., 2001) or the murine BV-2 (Gan et al., 2004) cell line ex-

data were directly compared to some data from PM to add cred-

ibility. Studies with primary microglia usually involve the use 

of antibiotics, at least for some time, although it is known that 

these can influence the outcome of experiments (Kuhlmann, 
1993). We switched the BV-2 culture completely to antibiotic-

free conditions and also reduced the use of FBS, another source 

of experimental uncertainties, to 2% during stimulations. From 

a purely logical point-of-view, one can never be sure that a cell 

line will be able to replace all experiments in PM and in animals, 

and indeed some differences have been observed between PM 

and BV-2 (Hausler et al., 2002; de Jong et al., 2008). However, 

Fig. 5: Functional capacity of BV-2 cells to trigger astrocyte 

activation

BV-2 were stimulated with LPS (50 ng/ml) and the medium 

supernatant was removed after different incubation times. (A) 

CM was characterised at different time points for its cytokine 

content. TNF-α and IL-6 concentrations were measured at the 

times indicated by ELISA. (B) Conditioned medium (CM) from 

the 8 h time point or the corresponding control medium (C, LPS 

added to medium after conditioning by non-stimulated BV-2 for 24 

h) was added to primary astrocyte cultures. NF-κB translocation 

was measured after 60 minutes by image software capable of 

quantifying the fluorescent intensity in the nucleus and the cytosol. 
At least 200 cells were imaged per data point. (C) IL-6 release 

was measured after 8 h. Data are means ±SEM from triplicate 

determinations. *: p ≤ 0.05
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interaction has not been shown in this direct form with purified 
cells, and the experimental system opens further fields of ap-

plication of BV-2 cells.

Microglia play not only a role in inflammation, but also in 
classical toxicity. especially their roles in developmental neu-

rotoxicity have been discussed (Streit, 2001), both as modula-

tors and as indicators of damage. this is important for current 

efforts to develop alternative test systems for developmental 

toxicity within the larger context of increasing the importance 

of in vitro toxicology, especially for risk assessment of environ-

mental chemicals (Hartung and leist, 2008; leist et al., 2008a). 

the role of macrophage-like cells in organ injury and chemical 

toxicity is a general theme, not only for the brain, but also for 

other organs (leist et al., 1998). It should be noted that BV-2 

cells are already used in pharmaceutical industry (lund et al., 

2005), but the impact of alternative methods in drug discovery 

is still frequently underestimated (leist et al., 2008b). Besides 

BV-2, also other microglia cell lines are available, although they 

are less frequently used. Most notable is the N9 cell line derived 

from the lab of Righi (Righi et al., 1989). All others are clearly 

less characterised. there have also been descriptions of human 

microglia cell lines, but none of them has undergone characteri-

sation similar to BV-2, and their use is quite limited. To fill this 
gap, an alternative approach may be the generation of human 

microglia from stem cells, which is currently ongoing work in 

some laboratories and may yield interesting new in vitro sys-

tems, at least in countries where research on embryonic stem 

cells is possible (leist et al., 2008c). 

With all the progress made in development of improved in 

vitro test systems (lehr et al., 2006; Gonzalez Hernandez and 

Fischer, 2007; telang and Katdare, 2007; thedinga et al., 2007; 

Wanner and Schreiner, 2008), new problems are also arising. 

On the one hand, systems are becoming so good and competi-

tive that they harbour economic potential (de Brugerolle, 2007), 

and thus access to the cells may be limited. On the other hand, 

standardisation problems arise. For instance, BV-2 do not have 

a general problem with Il-6 production (Jang et al., 2008), but 

in our hands, this cytokine is hardly induced at all. this is most 

likely an artefact of selection and culture conditions, and dem-

onstrates the problem of cell lines used for too long in individual 

laboratories. Cell lines require new stringent methods of quality 

control (Dirks et al., 2005), and this will be a very important 

issue of future research if stable alternative replacement models 

are to receive the confidence they need to be broadly applied 
also in new areas like cosmetics testing or the evaluation of food 

safety (Hartung, 2008b; Hartung and Koeter, 2008).
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