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Methods
• Injection of lipopolysaccharide (LPS) eliciting low-level 

inflammation early during gestation was used as a 
reductive model of maternal plasticizer exposure

• Offspring of dams treated with phosphate-buffered 
saline (PBS) were used as controls

• Developmental origin of macrophages was tracked 
using an inducible fate-mapping model where cells 
developing from progenitors present at E10.5 (HSC) 
become tdTomato (tdT) labelled (6)

• Pups were terminated at birth and legs were collected 
and fixed

• Fresh-frozen sections of the knee joint were stained 
using macrophage and fibroblast stains and visualized 
by confocal imaging

• The number of cells labelled with tdTomato in the lining 
and sub-lining macrophage population were quantified

Figure 2. Experimental workflow. Tamoxifen injection 
induces tdT labelling. 
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Background
• RA causes destruction of joints accompanied by infiltration 

by inflammatory cells 
• A tissue-resident macrophage population, expressing the 

cell surface receptor Cx3cr1, in the joint protects it against 
these cells by forming a tight barrier lining the joint, 
maintained by a distinct population in the sublining (5)

• Macrophage progenitors arise in waves early in 
development (Fig 1) 

• The origin of macrophages in the joint is not fully 
understood, but in the adult, there is little contribution 
from BM monocytes suggesting a fetal origin (5)

• The early development of this population of macrophages 
makes it a prime target for programming by maternal 
adversity

Figure 1. Waves of macrophage progenitor development 
during gestation. 

Rheumatoid arthritis (RA) is a major cause of morbidity affecting hundreds of thousands of people in the UK alone (1). Environmental factors contribute to RA however these are not fully explored (2). It is 
increasingly accepted that early life factors can predispose for disease in the adult. For example, prenatal exposure to environmental pollutants such as plasticizers have been linked to developmental 
adversity in humans (3) and increased susceptibility to RA in mice (4). How this is mediated is not well understood and warrants investigation.
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Figure 3. The fate-mapping model used labels cells derived from definitive HSCs 
arising at E10.5. Flow cytometry of blood monocytes and brain macrophages 
collected at P0 determined high tdT labelling in the blood and low labelling in 
the brain, in line with expectations as blood monocytes are derived from E10.5 
progenitors, but brain macrophages are not. n=6. Error bars= sd.

Aims
• Assessing the developmental origin of synovial macrophages in the 

newborn
• Determining HSC dependence in offspring of LPS treated dams 

compared to controls
• Determining spatial distribution and structural integrity of the barrier 

produced by synovial macrophages 
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Figure 4. tdT labelling of macrophages (CD68+ cells) in the A) 
lining and B) sublining of synovial tissue in the knee joints of 
offspring from dams treated with LPS or PBS. A) A non-
significant increase in tdT labelling of lining macrophages in 
offspring of LPS treated dams is observed. B) No difference in 
tdT labelling is observed in sublining macrophages between 
treatments. All values have been normalized to labelling 
controls. n=6. Error bars = sd. 
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Figure 5. A-G Representative confocal laser scanning microscopy of P0 joints. A, the spatial localization of the synovial membrane is shown at 
P0 indicated by the white rectangle, f: femur, t: tibia, p: patella, s: synovium. B-C, Representative image for determining macrophage number 
and tdT labelling from knees of neonates of dams treated with B, PBS and C, LPS, st: synovial tissue, sc, synovial cavity. D-G, Detailed image of 
the lining in neonates from dams treated with D, PBS and E, LPS, white arrows indicate co-expressing cells. F-G, Detailed image of lining 
showing co-expression of CD68 and Cx3cr1. CD68: macrophages, Cx3cr1: adult lining macrophage marker, tdT: E10.5 fate-mapped cells, 
CD140a: fibroblasts.
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Conclusions
• A minority of macrophages both in lining and sublining are 

derived from HSC progenitors at P0
• There may be a small increase in HSC derived macrophages 

in the lining, but not sublining, of animals born to LPS 
treated dams

• There is an increase in macrophage number and density at 
P0 in LPS treated animals

• This may either to be due to local proliferation of 
macrophages already in the synovium, or recruitment of 
other progenitors as this is not reflected in tdT labelling

Further questions
• Is the increase in HSC derived macrophages in the lining of 

animals born to LPS treated dams reflected in the adult?
• Is the increase in macrophage number in animals born to LPS 

treated dams reflected in the adult?
• If the majority of synovial macrophages at P0 are not HSC-

derived, which progenitors do they develop from?
• Are these effects recapitulated in more complex models of 

plasticizer exposure?
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Results
• Offspring of dams treated with LPS show a small 

increase in tdT labelling of lining macrophages, 
compared to controls, indicating increased 
recruitment of HSC-derived macrophages 

• This effect is not seen in the sublining population
• The majority of macrophages at P0 are not tdT 

labelled and therefore not HSC-derived
• Offspring of dams treated with LPS have 

increased total macrophage numbers in both the 
sublining and lining populations 

• Offspring of dams treated with LPS have 
significantly increased density of synovial 
macrophages 

Figure 6. Total macrophage (CD68+) number in A) 
lining and B) sublining of neonates born to mothers 
treated with LPS or PBS. An increase is seen in 
macrophage numbers of LPS treated animals. The 
majority of macrophages at P0 are Cx3cr1+, but a 
fraction of Cx3cr1- macrophages were also seen, 
which increased in offspring of LPS treated dams n=6. 
Error bars= sd.
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Figure 7. Density of macrophages in the synovial tissue 
of neonates born to mothers treated with LPS or PBS. 
A significant increase is seen in macrophage density of 
LPS treated animals. Two-tailed Student’s t-test, 
*=0.05 **=0.01. n=6. Error bars=sd. 


