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MacGreen mice: a novel tool to investigate inflammation following experimental stroke
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Abstract

Background and Purpose: CSF-1R-EGFP (‘MacGreen’) transgenic mice carry an enhanced green fluorescent protein (EGFP) reporter 
gene in monocyte and macrophage populations. MacGreen mice have been used as a model system to investigate macrophage develop-
ment and function. The current study investigated brain inflammation following experimental stroke. 

Methods: MacGreen mice were subjected to transient middle cerebral artery occlusion and neurological deficit and ischemic damage 
compared to C57Bl/6j mice. EGFP expression was also characterized at 24h and 7 and 35 days post stroke in MacGreen mice.

Results: MacGreen mice show a comparable response to ischemia and progression of damage to C57Bl/6j mice. Inflammation was 
related to stroke severity at both acute (24h) time points and several weeks (35 days) after experimental stroke. The increased EGFP 
signal in the ipsilateral hemisphere post stroke was attributed to both increased cell density and increased cell size. EGFP positive cells 
co-labelled with the microglia/macrophage marker Iba1 and changes in the morphology of these cells from 24h to 7 and 35 days suggest 
temporal changes in the function of microglia/macrophages within ischemic regions. 

Conclusion: MacGreen provide a clinically relevant platform in which to investigate the role of inflammation in the pathogenesis and 
recovery from stroke.
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Introduction

Inflammation plays an important role in the pathogenesis of stroke and ischemic brain injury. Focal cerebral ischemia induces an acute 
response within the brain characterized by increased microglial and astrocyte activity, increased production of cytokines, chemokines, 
adhesion molecules and metalloproteinases and the infiltration of monocytes and leucocytes from the systemic circulation into injured 
brain regions(Jin R et al., 2010, Kriz J., 2006). These mediators display a specific temporal expression. When well-controlled, the 
inflammatory process is normally beneficial (Nathan C, 2002); Indeed, several traditionally ‘pro-inflammatory’ cytokines and chemokines 
including TNFα and stromal cell derived factor facilitate long-term behavioral recovery(Stahel PF et al., 2000, Scherbel U et al., 1999, 
Kriz J, Lalancette-Hebert M, 2009). In contrast to this, the overproduction of ‘pro-inflammatory’ cytokines certainly contributes to stroke 
pathophysiology(Iadecola C, Anrather J, 2011). 

The time-course of recruitment of inflammatory cells following cerebral ischemia has previously been investigated using techniques such 
as flow cytometry, RT-PCR and cytokine immunoassays(Stevens SL et al. , 2002, Matsumoto H et al. , 2008, Ormstad H et al. ,  2011, 
Gelderblom M et al. , 2009). These studies typically require multiple cohorts of animals to satisfy tissue processing requirements and it is 
difficult to assess both the phenotype and anatomical distribution of inflammatory cells that have been activated in response to an ischemic 
injury in the same animals. The development of GFP expressing bone marrow chimeric mice has provided additional information on the 
origin of these cells and the mechanisms of recruitment. Following a mild ischemic insult, endogenous microglial activation occurs rapidly 
and precedes significant recruitment of blood-borne macrophages(Besselmann M et al. , 2003, Schilling M et al. 2005). Both MCP-1 and 
CCR2 are necessary for the recruitment of peripheral macrophages but not resident microglia(Strecker JK et al. , 2009, Ringelstein EB 
et al. , 2009). In contrast to this Tanaka et al(Tanaka R et al. , 2003) demonstrated an absence of microglia but a similar time-course of 
recruitment of blood-borne macrophages into the ischemic core 7 days following permanent MCAo. The heterogeneity of the inflammatory 
response in these studies suggests that the severity and location of ischemic damage has an impact on inflammatory cell recruitment. 
The application of irradiation chimera models to cerebral ischemia studies is further limited by reports of altered blood brain barrier 
integrity, cell death and microglial activation(Li Y-Q et al. , 2004, Monje ML et al. , 2002, Davoust N et al. , 2008, Mildner A et al. , 2007, 
Wirenfeldt M et al. , 2007). The relationship between ischemic damage and inflammatory response in the weeks following ischemia has 
yet to be investigated in a transgenic GFP reporter line. CSF1-EGFP (‘MacGreen’) mice carry an enhanced green fluorescent protein 
(EGFP) reporter gene which is under control of the colony stimulating factor-1 (CSF-1) receptor promoter. CSF-1R is encoded by the 
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c-fms proto-oncogene which is expressed selectively in macrophage and trophoblast cells. This model system has been used to isolate 
macrophages from embryonic mice and investigate macrophage function during development(Rae F et al. , 2007, Sasmono RT et al. , 
2003, Sasmono RT et al. , 2007). EGFP expression is restricted to macrophage populations in bone marrow, blood and all adult tissues. 
EGFP is also expressed in microglia and in brain macrophages associated with the vasculature and we propose that EGFP expression 
will be up-regulated following an ischemic insult. Investigating long-term inflammation in this clinically relevant model may improve our 
understanding of the pathogenesis and recovery from stroke.

The aim of this study was therefore to investigate the response of MacGreen mice to different periods of middle cerebral artery occlusion 
compared to a standard mouse model used for focal cerebral ischemia studies and to investigate the relationship between structural lesion 
and EGFP expression at 24 hours and 7 and 35 days post stroke.

Material and Methods

Ethical Statement

All animal work was carried out in accordance with the Animal Welfare act 1999 and was pre-approved by the University of Auckland 
Animal Ethics committee (Approval number: R842). All surgery was performed under isoflurane anesthesia and all animals received pre 
and post-operative analgesia to minimize suffering. 

Animals

Founder CSF-1R-EGFP (MacGreen) mice were gifted by the Queensland Brain Institute, University of Queensland, Australia. Generation 
of the strain has been described elsewhere(Sasmono RT et al., 2003). The MacGreen colony was maintained as homozygote and all 
offspring were positive for the transgene. The ongoing presence of the transgene within the colony was confirmed every 2 months from 
tail biopsies using standard PCR methods. Tail tipping was performed under isoflurane anesthesia. DNA extraction from tail biopsies was 
performed using REDExtract-N-Amp Tissue PCR kit (Sigma-Aldrich, USA) using forward 5’-CTGGTCGAGCTGGACGGCGACG-3’ and 
reverse 5’-CACGAACTCCAGCAGGACCATG-3’ primers, producing a 650bp product. 

Age matched male C57Bl/6j mice obtained from stock colonies within the University of Auckland animal facility were used as controls.

All animals were housed in single sex cage and supplied with normal rodent chow and water available ad libitum. Housing Bio-bubbles 
were maintained at 20oC with 12 hour day and night cycle.

The Cerebral ischemia

Male C57Bl/6j and CSF-1R-EGFP ‘MacGreen’ mice (25-30g, approximately 10-12 weeks) were assigned to experimental groups using 
a randomization table generated by Excel. Core temperature was maintained at 36.5oC ± 0.5oC throughout the course of the surgery by 
means of a rectal probe connected to a homeothermic heating blanket (Harvard Apparatus, U.S.A.).

Monofilament occlusion of the middle cerebral artery (MCA) was performed in adult male transgenic mice and C57Bl/6j controls (25–30g, 
approximately 10–12 weeks) as previously described (Kerr et al. , 2004). Briefly, the right common carotid (CCA), external carotid (ECA) 
and internal carotid (ICA) arteries and their branches were exposed through a midline cervical incision. A 6-0 silk suture was tied around 
the CCA proximal to the bifurcation of the ECA and ICA and a second suture tied around the ECA distal to the superior thyroid artery 
(STA). The STA and occipital artery (OA) were occluded by electrocoagulation. An 8-0 silicone-coated monofilament (diameter 200 µm) 
was introduced into the CCA and advanced 10mm distal to the carotid bifurcation, occluding the origin of the MCA. 

After surgery, animals were allowed to recover in a humidified and temperature-controlled incubator for at least 2 hours until they were 
moving freely.  Animals were then returned to their home cages.

C57Bl/6j and MacGreen mice were subjected to MCA occlusion for 30 (n=4 per strain), 45 (n=4-6 per strain) or 60 minutes (n=3-4 per 
strain) and killed at 24 hours. A further group of mice were subjected to 45 min MCAo were killed at 35 days (n=5 per strain) to investigate 
lesion progression. A second cohort of MacGreen mice were subjected to 45 min MCA and killed at 7 (n=3) and 35 (n=3) days to 
investigate spatiotemporal EGFP expression.

Statistical analysis

Values presented in this study are mean +/- s.e.m. The randomization code was broken after all data was acquired to allow allocation 
to experimental groups. All statistical analyses were carried out using SPSS (PASW Statistics 18, 2009). Two-way Analysis Of Variance 
(ANOVA) was used to determine whether statistically significant differences were present in neurological score and infarct volumes 
between MacGreen and C57Bl/6j mice. Significant differences in tissue loss were assessed using an unpaired Student t-test.

Comparison of EGFP expression in MacGreen mice at 24 hours and 35 days was conducted using one-way ANOVA. The relationship 
between lesion volume and EGFP expression was determined using non-linear regression analysis. Statistical significance was established 
at p<0.05.

Results

Ischemic damage at 24 hours

To investigate whether C57Bl/6j and MacGreen mice show differing sensitivity to ischemic brain damage mice were subjected to 30, 45 
and 60 min of middle cerebral artery occlusion (MCAo). Thionin staining revealed qualitatively different patterns of damage with increasing 
ischemic duration in both C57Bl/6j and MacGreen mice (Figure 1A). A 30 min occlusion produced damage restricted to the striatum in 
both strains while the majority of those subjected to 45 min MCAo exhibited additional areas of ischemic damage in the overlying cortex. 
All animals subjected to 60min MCAo had large infarcts with both cortical and striatal components, however C57Bl/6j mice appeared to 
show a higher incidence of cortical damage (Figure 1A). Further analysis of the area of ischemic damage at 9 stereotaxic levels confirmed 
C57Bl/6j mice subjected to 60min MCAo displayed a larger area of cortical damage at Bregma +1.5mm compared to MacGreen mice 
(F2,7=4.74, p<0.01, Figure 1B-C). No damage was observed out with the vascular territory of the MCA in any of the animals investigated.
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The lesion progression in response to increasing duration of occlusion observed qualitatively was confirmed by two-way ANOVA which 
revealed a significant effect of ischemic duration (F2,23=17.64, p<0.01); Figure 1D), but no effect of strain, (F2,23=1.28, p=0.273). Post-hoc 
analysis revealed that mice subjected to 60min MCAo had significantly larger lesion volumes compared to those subjected to 30min and 
45min MCAo (F2,23=17.64, p<0.01). Lesion volumes following 45min MCAo were not different from those following 30min MCAo (t=1.201; 
p=0.56).

Figure 1.

(A) Incidence maps show patterns of ischemic damage at the level of the striatum (Bregma +0.98mm) following 30, 45 
and 60 min of transient MCAo at 24 hours post stroke. 

(B) Lesion volume at 24h following transient (30, 45 or 60 min) MCAo. Two-way ANOVA showed a significant effect of 
occlusion duration (F2,23=17.64, p<0.01) but no effect of strain (F1,23=1.281; p=0.273). The area of ischemic damage at 9 
stereotaxic levels through the rostro-caudal extent of the brain in C57Bl/6j 

(C) and MacGreen mice 

(D) Subjected to 30, 45 or 60 min MCAo. MacGreen mice displayed a smaller area of cortical damage than C56Bl/6j 
mice at a single level (Bregma +1.55mm, F2,7 =4.74, p<0.01). Data are mean ± s.e.m., n=4-6 mice per group, *p<0.05.

Neurological deficits 

All animals showed a decrease in neurological score post stroke and no significant differences were observed between MacGreen and 
C57Bl/6j mice at 24 hours following mild (30 min), moderate (45 min) or severe (60 min) ischemia. Both strains subjected to a moderate 
insult displayed comparable neurological scores at 24 hours post stroke (C57Bl/6j=9.8 ± 0.58, MacGreen =10.3 ± 0.33, Figure 2B). 
The survival rate out to 35 days following a moderate (45 min) insult was 100% for both strains. Both MacGreen and C57Bl/6j mice 
showed a partial recovery of neurological function and had comparable neurological scores at 35 days (C57Bl/6j=11.8±0.49, MacGreen 
=12.33±0.33, figure 2B). Two-way ANOVA confirmed a significant effect of day post stroke on neurological score (F2,12=22.80, p<0.01) but 
no effect of strain (F2,12=13.28, p=0.72).

Ischemic damage at 35 days 

Morphological assessment of ischemic damage was also carried out 35 days post-stroke following 45 min MCAo in both strains of mice. 
In keeping with observations at 24 hours, thionin stained brain sections at 35 days showed ischemic damage in the lateral parts of the 
striatum and the overlying cortex of C57Bl/6j mice (Figure 2A). In contrast, ischemic damage was restricted to the striatum in MacGreen 
mice subjected to 45min MCAo. Despite this difference in infarct pattern, we observed no significant difference in lesion volumes between 
C57Bl/6j (5.74±1.43mm3) and MacGreen mice (3.31±0.57mm3) at 35 days (F1,8=2.745, p=0.34, Figure 2C). Quantitative histopathology 
further demonstrated no difference in atrophy in the ipsilateral hemisphere of C57Bl/6j (18.6 ± 6.69 %) and MacGreen mice (6.6 ± 6.80%; 
t=2.374; p=0.055; Figure 2D).. 
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Figure 2.

(A) Incidence maps showing patterns of ischemic damage obtained in C57Bl/6j and MacGreen mice at the level of the 
striatum (Bregma +0.98mm) 35 days following a moderate (45 min) insult. 

(B) MCAo produced an immediate decrease in neurological score in all animals (F2, 12=22.80, p<0.01). Both strains of mice 
showed partial recovery of neurological function by 35 days post-stroke. No significant differences in neurological score 
were observed between MacGreen and C57Bl/6j mice at any time point examined (F1,103=0.139; p=0.72). 

(C) Despite C57Bl/6j mice showing more cortical damage than MacGreen mice, 2-way ANOVA on total lesion volume at 
35 days demonstrated no significant effect of strain (F1,8=2.745; p=0.34). 

(D) There was also no significant difference in the percentage tissue loss in the ipsilateral hemisphere between the 2 
strains (t=2.374; p=0.055). Data are mean ± s.e.m., n=4-6 mice per group.

Increased EGFP expression in MacGreen mice 24 hours following cerebral ischemia 

Immunocytochemistry on brain sections from MacGreen mice subjected to sham stroke surgery showed a low basal level of EGFP 
expression (data not shown). In contrast, MacGreen mice subjected to 30, 45 and 60 min MCAo displayed increased EGFP expression in 
the ipsilateral hemisphere at 24 hours and no change in contralateral EGFP expression (Figure 3). Regions of increased EGFP expression 
broadly correlated with the pattern of ischemic damage. The volume of increased EGFP expression 24 hours following MCAo was 
significantly larger following a severe insult than after a mild or moderate insult (F2,11=9.64, p<0.01). In addition, the volume of increased 
EGFP expression in the ipsilateral hemisphere was significantly larger than the corresponding histological lesion volume (F1,22=32.8; 
p<0.01; Figure 4A). Regression analysis confirmed a significant exponential relationship between lesion volume and EGFP volume 
(r2=0.776; p<0.01), where mice with smaller histological lesions tended to have a smaller volumes of increased EGFP expression (Figure 
4B). The calculated ratio of the volume of increased EGFP expression to the lesion volume assessed by thionin histology (EGFP/Thionin 
ratio) was approximately 2.8 and was consistent at different occlusion times (F2,12=0.006; p=0.939).

EGFP positive cells in the ipsilateral hemisphere had an amoeboid morphology with enlarged cell bodies and retracted processes. In 
contrast, EGFP positive cells in the contralateral hemisphere displayed a ramified morphology. Semi-quantitative analysis was performed 
to determine whether the increased EGFP expression in the ipsilateral hemisphere post-stroke resulted from an increased cell density or 
a change in cell morphology.

EGFP expression/µm2 was increased 7-8 fold in the ipsilateral striatum 24h post stroke (F1,77=6016.07; p<0.01; Figure 4C). MCAo also 
induced a significant 1.5 fold increase in the number of EGFP positive cells in the ipsilateral hemisphere compared to corresponding 
regions within the contralateral hemisphere (F1,25=148.03; p<0.01, Figure 4D). The duration of occlusion did not influence EGFP signal 
intensity (F2,77=0.785; p=0.46) or cell counts or in either hemisphere (F2,25=1.142; p=0.339).
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Figure 3.

Photomicrographs showing increased EGFP expression in MacGreen mice 24h after a moderate ischemic insult (45 min). 
Images were taken at the level of the striatum (Bregma +0.74mm). EGFP expression was upregulated in the striatum 
and sensory-motor cortex in the ipsilateral hemisphere (A). EGFP positive cells in the contralateral hemisphere displayed 
a ramified morphology (B, C). MCAo increased the number of EGFP positive cells in the ipsilateral hemisphere. EGFP 
positive cells displayed an amoeboid morphology with enlarged cell bodies and retracted processes. Scale= 200µm (b, 
d), 100µm (c, e).

Figure 4.

Increasing the duration of occlusion in MacGreen mice increased the volume of both ischemic damage and EGFP 
expression 
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(A) Animals subjected to 60 min MCAo had larger EGFP volumes and volumes of structural damage than following 30 
or 45 min (F1,22=32.8; p<0.01). The volume of EGFP expression in the ipsilateral hemisphere was significantly larger than 
the corresponding histological lesion volume at all severities of ischemic insult (F1, 22=32.8; p<0.01). Regression analysis 
confirmed a significant exponential relationship between lesion volume and EGFP volume (r2=0.776; p<0.01); 

(B) Indirect quantification of the morphology of EGFP positive cells within the ipsilateral hemisphere demonstrated a 7-8 
fold increase in EGFP expression/µm2 in the ipsilateral striatum 

(C) MCAo induced a significant increase in the estimated number of EGFP positive cells in the ipsilateral hemisphere 
compared to corresponding regions within the contralateral hemisphere (F1,77=6016.07; p<0.01; D). The duration of MCAo 
occlusion did not influence the intensity (F2,77=0.785; p=0.46) or density of EGFP positive cells in either hemisphere 
(F2,25=1.142; p=0.339). Data are mean ± s.e.m., n=4-6 mice per group, *p<0.05 within time points, #p<0.05 between time 
points. 

Increased EGFP expression at 7 and 35 Days in MacGreen mice 

Increased EGFP expression was also observed within the ipsilateral hemisphere 7 and 35 days following a 45min MCAo (Figure 5A). 
In keeping with observations at 24h, the volume of increased EGFP expression in the ipsilateral hemisphere remained significantly 
larger than the corresponding histological lesion at both 7 and 35 days (F2,21=18.126; p<0.05). However, the volume of tissue showing 
increased EGFP expression at 35 days was decreased compared to 24h (F1,21=4.675; p<0.05), despite quantitative analysis confirming 
comparable structural lesions (F1,21=1.248; p=0.543). EGFP/thionin ratios were correspondingly decreased at 7 and 35 days post stroke 
(24h=3.09±0.54, 7days=2.40±0.44, 35days=1.67±0.23; F2,10=2.154; p=0.179, Figure 5B). 

EGFP expression at 7 and 35 days post stroke appeared qualitatively different from that observed at 24 hours. EGFP positive cells were 
densely packed within a central ‘core’ and displayed a distinct amoeboid morphology with enlarged cell bodies and retracted processes 
(Figure 6 A, D, G). EGFP signal intensity within the ipsilateral hemisphere increased significantly over time from 24 hours (20.1±4.2 units/
µm2) to 7 (102.6±11.7 units/µm2) and 35 days (128.8±18.3 units/µm2; F2,26=288.809; p<0.01, Figure 5C). A similar pattern of increasing 
EGFP positive cell counts was also observed out to 35 days post-stroke (24hr=95±9, 7days=1668±123, 35days=1920±90; F2,26=1995.624; 
p<0.01, Figure 5D).

Figure 5.

EGFP expression remained elevated 7 and 35 days post stroke however the EGFP expression volume was decreased at 
35 days compared to 24h (F1,21=4.675; p<0.05; A). Regression analysis confirmed a significant exponential relationship 
between lesion volume and EGFP volume out to 35 days (r2=0.738; p<0.01; B). MCAo induced a significant time-
dependent increase in EGFP expression/µm2 (F2,26=288.809; p<0.01; C) and an accumulation of EGFP positive cells in 
the ipsilateral striatum over time (F2,26=1995.624; p<0.01; D). Data are mean ± s.e.m., n=3-5 mice per group, *p<0.05 
within time points, #p<0.05 between time points.  
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Phenotype of EGFP positive cells

In order to determine the phenotype of the EGFP positive cells within the ischemic hemisphere, we performed double label 
immunohistochemistry with Iba1, a marker for microglia and monocyte lineage cells. Both EGFP and Iba1 positive cells displayed an 
irregular shape and enlarged cell bodies with retracted processes (Figure 6). Confocal microscopy confirmed that all of the EGFP positive 
cells co-localized with Iba1 in the ipsilateral (and contralateral) hemispheres at 24h. The majority of EGFP positive cells (<99%) also co-
expressed Iba1 and 7 and 35 days.

Figure 6. 

Confocal images of EGFP (left panel) and Iba1 (middle panel) expression in MacGreen mice 24h (A-C) and 7 (D-F) and 
35 days (G-I) following a 45 min MCA occlusion. Images were taken from the ipsilateral striatum at the level of Bregma 
+0.74mm. Subtle differences in the distribution of the two markers are evident in cell bodies and processes, however all 
EGFP positive cells also co-express Iba1 (right panel). The density of EGFP positive cells was higher within the ipsilateral 
striatum at 7 and 35 days following a 45 min insult and cells show distinct morphological changes compared to 24h.

Discussion

MacGreen (Csf1r-EGFP) mice carry an enhanced green fluorescent protein (EGFP) gene downstream of the c-fms promoter. The c-fms 
gene encodes the receptor for macrophage colony stimulating factor (CSF-1) and is expressed selectively in macrophage and monocyte 
cell lineages (Sasmono RT et al., 2003). MacGreen mice provide a model system for the study of macrophage development and function 
in the periphery (Rae F et al., 2007, Sasmono RT et al., 2003, Sasmono RT et al., 2012, Jones CV et al., 2013) and we propose that that 
provide a unique platform in which to investigate inflammation in the ischemic brain. To our knowledge, the response of MacGreen EGFP 
reporter mice to experimental stroke has not previously been investigated. 

We first characterized the susceptibility of MacGreen mice to different durations of MCAo in comparison to the commonly used C57Bl/6j 
strain. Experimental stroke studies must demonstrate an acceptable rate of survival to ensure statistical power and to satisfy ethical 
requirements. All MacGreen and C57Bl/6j mice subjected to MCAo (30, 45 and 60min) survived for 24 hours post-stroke and all of the 
mice subjected to 45min MCAo survived to 35 days. We also did not observe any statistically significant differences in general welfare, 
indicated by weight loss, post-operatively. The neurological deficits observed 24 hours following MCAo were comparable and both strains 
demonstrate an increase in neurological score over time, suggesting a partial recovery of function which closely mirrors the clinical 
situation in human stroke patients (Hosp JA et al., 2011).

The patterns of ischemic damage produced by MCAo were consistent between the two strains and showed a typical progression with 
shorter occlusion times producing more discrete lesions. Further analysis of the rostro-caudal extent of ischemic damage revealed a 
significant decrease in lesion area at a single rostral stereotaxic level (Bregma +1.5) in MacGreen mice subjected to 60min MCAo compared 
to C57Bl/6j. This difference in the rostro-caudal extent of ischemic damage may result from differences in the cerebrovasculature of MCA 
for the two strains. The relationship between cerebrovascular territory and lesion volume has been well documented within the literature 
(Maeda K et al., 1999, Maeda K et al., 1999, Maeda K et al., 1998, Carmichael ST, 2005). For example, the resistance to ischemia 
observed in SV129 mice results from the small vascular territory supplied by the MCA in this strain (Maeda K et al., 1998). Regardless, 
the difference in the extent of ischemic damage at a single stereotaxic level was not sufficient to produce a significant difference in lesion 
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volume between the two strains of mice. Therefore, we can conclude that both strains demonstrate comparable responses to different 
durations of MCA occlusion at 24 hours post-stroke.

We extended our investigation to examine the long term response to a moderate ischemic injury and found that MacGreen mice display a 
similar degree of ipsilateral hemispheric atrophy and comparable infarct volumes to C57Bl/6j mice (Carmichael ST, 2005) days post-stroke 
despite a lower incidence of cortical damage in MacGreen mice. The functional consequences of decreased cortical injury in MacGreen 
mice were not investigated in this study however studies investigating cortical protection in traumatic brain injury have demonstrated 
reduced deficits in sensorimotor tasks such as tactile adhesive removal and locomotor placement tests (Goffus AM et al., 2010, Blaya MO 
et al., 2013). 

EGFP expression in the MacGreen mouse is directed by the promotor for CSF-1R (c-fms) and is upregulated during differentiation 
and expansion of dendritic cells (MacDonald 2005). Since CSF-1R is reportedly upregulated by ischemic injury (Yu et al, 2008) we 
hypothesized that EGFP expression would also be upregulated in the MacGreen mouse brain following stroke. MCA occlusion induced an 
increase in EGFP expression in the ipsilateral hemisphere of MacGreen mice which was dependent on the severity of ischemia. While this 
pattern was comparable to the observed duration-dependent increases in the volume of structural damage post occlusion, EGFP volumes 
were typically 2.5 fold greater than the volume of infarct outlined thionin histology. This ‘mismatch’ between the structural lesion and 
volume of increased EGFP expression 24 hours post stroke suggests spill-over of inflammatory signals into the intact tissue surrounding 
areas of irreversible damage. We propose that increased EGFP expression out with areas of structural damage provides information on 
inflammation within the peri-infarct region while the EGFP: Lesion volume ratio, which was reduced at 7 and 35 days compared to 24 
hours, may be a useful measure to assess the general inflammatory status within the brain. 

The increase in EGFP expression in the ipsilateral hemisphere at 24h, 7 and 35 days results from both an increase in cell density and 
also an increase in EGFP expression per unit area which indirectly corresponds to altered cell morphology. EGFP positive cells display 
processes and enlarged cell bodies and these changes in morphological appearance an important indicator of functional activation 
(Perego C et al., 2011, Yenari MA et al., 2010, Ransohoff RM et al. 2009).

All EGFP cells at 24h co-localized with Iba1 confirming these cells are microglia/monocyte lineage. While the origin of these cells remains 
unknown, (Schilling et al., 2003) report that in an irradiation chimeric model the majority of macrophages in the infarct area are derived 
from local microglia, and that local defense mechanisms predominate over hematogenous infiltration at earlier time points post stroke 
(Gelderblom M et al., 2009, Besselmann M et al., 2003)

While the absolute volume of EGFP expression decreased over time, we observed continued accumulation of EGFP positive cells in the 
ipsilateral hemisphere from 7 to 35 days post stroke demonstrating that the inflammatory processes continues for at least 5 weeks after 
stroke(Schroeter M, 1994, Gomes-Leal W et al., 2012). EGFP positive cells in the striatum at 7 and 35 days appeared more densely packed 
and had rounder cell bodies with shorter processes than in comparable regions at 24 hours which may reflect a change in microglial/
macrophage/monocyte (M/M) function (Perego C et al., 2011). A very recent paper by Ritzel et al which allowed discrimination between 
cell populations using the phenotypic marker CD45 showed a decrease in microglial activity and an increased contribution to phagocytosis 
from infiltrating monocytes 3-7 days after a severe ischaemic insult (Ritzel RM et al., 2015)These monocyte-derived macrophages appear 
to be essential to debris clearance and functional recovery. Since there appears to be little contribution to phagocytosis from monocyte-
derived macrophages recruited from the circulation by 28 days post stroke (Besselmann M et al., 2003) these EGFP positive cells are 
likely to be local phagocytic microglia.

Summary

In conclusion, we have demonstrated that a strong, statistically significant correlation exists between the volume of EGFP expression in 
the ipsilateral hemisphere and the volume of structural damage at both acute and later time-points in MacGreen mice, indicating that the 
degree of inflammation observed post stroke is related to stroke severity. These observations are in agreement with clinical investigations 
which report that inflammatory parameters such as leukocyte accumulation and serum C-reactive protein levels correlate with both the 
severity of brain damage and neurological impairment observed post stroke. We also observed changes in the morphology of EGFP 
positive cells indicating spatial and temporal differences in M/M function and phenotype. While it was not possible to trace the origin of 
the EGFP inflammatory cells in this study, the MacGreen model avoids the limitations of bone-marrow chimeric lines where the effects of 
irradiation on microglial physiology confound their use in experimental stroke studies. The observations from the current study support 
the use of MacGreen mice as a clinically relevant model in which to investigate inflammation following stroke. Alterations in EGFP/thionin 
ratio in MacGreen mice may also be a useful tool assess the efficacy of therapeutic agents targeting inflammation in the sub-acute phase 
following stroke.
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