
Examining the inhibitory effects of Rapamycin on the invasive and 
metabolic profiles in Rheumatoid Arthritis IL-1β-stimulated stromal cells 

1Molecular Rheumatology, Trinity Biomedical Sciences Institute, Trinity College Dublin. 

Background Methodology

Results

Summary                                                               Conclusion

Brianne E. Barker1, Dr. Mary Canavan1, Prof. Ursula Fearon1.

• IL-1β induced the gene and protein expression of key pro-inflammatory cytokines and chemokines.
• IL-1β induced leukocyte adhesion and network formation in RAFLS and HUVEC, effects that promote

activation and invasion of these stromal cells through the cellular matrix, that may lead to cartilage and
joint destruction.

• IL-1β activates the mTOR pathway and alters the metabolic profile of RAFLS and HUVEC towards a more
glycolytic/energetic profile.

• The mTOR inhibitor, rapamycin, inhibits leukocyte adhesion, network formation, and Rantes secretion.
• Rapamycin alter the metabolic profile of both RAFLS and HUVEC from a glycolytic/energetic profile

towards a more aerobic/quiescent state.

IL-1β increases expression of downstream target of 
mTOR pathway pS6

IL-1β  (2 ng/mL) +/-
Rapamycin (100 nM)

Rapamycin regulates metabolic reprogramming in RAFLS
Figure 1: (a) Representative flow cytometry dot plots demonstrating the intracellular expression of pS6 in
RAFLS under basal, IL-1β (2 ng/mL), IL-1β+Rapamycin (2 ng/mL; 100 nM), and Rapamycin (100 nM)
conditions (n=3). (b) Bar graph representing the difference in % frequency of pS6 expression in RAFLS
under basal, IL-1β (2 ng/mL), IL-1β+Rapamycin (2 ng/mL; 100 nM), and Rapamycin (100 nM) conditions.
Data expressed as mean ± SD of n=3 experiments.

Rapamycin inhibits PBMC adhesion to RAFLS and HUVEC 

Figure 5: RAFLS and HUVEC were cultured in the presence of IL-1β (2 ng/mL) and Rapamycin (100
nM) alone or in combination for 24 hr, followed by culture with PBMC for 1 hr. Representative
photomicrographs and accompanying bar graphs demonstrating leukocyte adhesion and
number of attached cells for (a) RAFLS (n=5) and (b) HUVEC (n=5). Counts were performed by
two independent observers. Values expressed as mean ± SD using Kruskal-Wallis (ANOVA) for RAFLS
and ordinary one-way ANOVA for HUVEC. *p<0.05, **p<0.01, ***p<0.005 statistically significant.

Figure 8: RAFLS were treated with rapamycin (100 nM) alone or in combination with IL-1β
(2 ng/mL) for 24 hr. (a) Average Extracellular acidification rate (ECAR) and Oxygen
consumption rate (OCR) profiles measured using real time Seahorse Bioscience XFE analyser in RAFLS
(n=5), along with (b) the overall metabolic profile of RAFLS. (c) Bar graphs demonstrating baseline
glycolysis, baseline OCR, and max respiratory capacity. (d) Gene expression of HK2, PKM2, and G6PD
quantified in RAFLS using Real-time PCR. Relative expression compared to endogenous control
(RPLPO) (n=6). Data represented as mean ± SD using Wilcoxon signed rank and Kruskal-
Wallis (ANOVA) where appropriate. *p<0.05, **p<0.01 significantly different.
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Rheumatoid Arthritis (RA) is a common autoimmune disease characterised
by synovial neoangiogenesis which facilitates leukocyte infiltration leading
to synovial hyperplasia and subsequent degradation of articular cartilage
and bone. Fibroblast-like synoviocytes (FLS) proliferate without inhibition,
are resistant to apoptosis, and are invasive creating a ‘tumour-like pannus.’
More recently, its has been demonstrated that synovial cells alter the
metabolic pathways in order to generate enough energy to maintain their
activated pro-inflammatory phenotype.

This study investigates the effect of metabolic reprogramming on IL-1β
regulation of stromal cell activation and invasiveness in RA.

Figure 7: RAFLS were cultured in presence of IL-1β (2 ng/mL) and/or rapamycin (100 nM) for
24 hr. (a) Bar graphs demonstrating gene expression levels of IL-6, MCP-1, and Rantes in RAFLS (n=6)
using Real-time PCR. (b) Bar graphs demonstrating IL-6, MCP-1, and Rantes secretion in RAFLS
supernatants quantified by ELISA (n=7-8). Data is represented as mean ± SD using ordinary one-way
ANOVA and Wilcoxon signed rank test where appropriate. *p<0.05, **p<0.01, ***p<0.005
significantly different.

Effect of rapamycin on IL-1β induced 
cytokine/chemokine expression and secretion in RAFLS

IL-1β induces expression of Pro-inflammatory 
mediators  

Figure 1: RAFLS were cultured in the presence of IL-1β (2 ng/mL) for 24 hr. (a) Gene
expression analysis of IL-6, MCP-1, and Rantes was quantified using Real-time PCR.
Relative expression compared to endogenous control (RPLPO) (n=6). (b) Bar graphs
demonstrating quantification of IL-6, MCP-1, and Rantes secretion in RAFLS supernatants
by ELISA (n=7-8). Values expressed as mean ± SD using Wilcoxon signed rank and paired t-
test where appropriate. *p<0.05, **p<0.01, ***p<0.005 significantly different from basal.
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This study demonstrates the importance of the role mTOR signaling plays within the RA joint, through
mediating IL-1β-induced pathogenic mechanisms and altering metabolic profiles in RAFLS and HUVEC. In
addition, targeting the mTOR pathway may lead to new potential therapeutic or adjuvant strategies,
particularly for those patients who have sub-optimal responses to current treatment strategies.

Rapamycin inhibits network formation in RAFLS and HUVEC

Figure 6: RAFLS and HUVEC were cultured in the presence of IL-1β (2 ng/mL) and Rapamycin (100 nM)
alone or in combination for 8-24 hrs. Representative photomicrographs and accompanying bar graphs
demonstrating network formation and average number of connecting branches between cells for (a)
RAFLS (n=5) and (b) HUVEC (n=2). Counts were performed by two independent observers. Data
represented as mean ± SD using Kruskal-Wallis (ANOVA) test for RAFLS and ordinary one-way ANOVA for
HUVEC, *p<0.05, **p<0.01, ***p<0.005 statistically significant.
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Rapamycin regulates metabolic reprogramming in HUVEC

Figure 9: HUVEC were treated with rapamycin (100 nM) alone or in combination with IL-1β
(2 ng/mL) for 24 hr. (a) Average Extracellular acidification rate (ECAR) and Oxygen
consumption rate (OCR) profiles measured using real time Seahorse Bioscience XFE analyser in
HUVEC (n=4), along with (b) the overall metabolic profile of HUVEC. (c) Bar graphs demonstrating
baseline glycolysis, baseline OCR, and max respiratory capacity. Ordinary one-way ANOVA and paired
t-test used where appropriate. Data expressed as mean ± SD using, *p<0.05 significantly different.
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Figure 2: RAFLS and HUVEC were cultured in the presence of IL-1β (2 ng/mL) for 24 hr
followed by culture with PBMCs for 1 hr. Representative photomicrographs and
accompanying bar graphs showing PBMC adhesion to (a) RAFLS (n=5) and (b) HUVEC
(n=5). Counts performed by two independent observers. Data expressed as mean ± SD,
using Wilcoxon signed rank for RAFLS and paired t-test for HUVEC. *p<0.05, **p<0.01,
***p<0.005 significantly different from basal.
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Figure 4: Average seahorse profiles showing extracellular acidification rate (ECAR) and
oxygen consumption rate (OCR) in (a) RAFLS (n=5) and (b) HUVEC (n=4), before and after
injections of oligomycin, FCCP, and antimycin A and rotenone following 24 hr IL-1β (2
ng/mL) stimulation. Bar graphs demonstrating baseline glycolysis and ECAR:OCR ratio in
(c) RAFLS and (d) HUVEC. Data expressed as mean ± SD using Wilcoxon signed rank test
for RAFLS and paired t-test for HUVEC. *p<0.05, **p<0.01, ***p<0.005 significantly
different from basal.
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Figure 3: RAFLS and HUVEC were cultured in the presence of IL-1β (2 ng/mL) in Matrigel
for 8-24 hrs. Representative photomicrographs and accompanying bar graphs showing
network formation for (a) RAFLS (n=5) and (b) HUVEC (n=2). Counts performed by two
independent observers. Data expressed as mean ± SD, using Wilcoxon signed rank for
RAFLS and paired t-test for HUVEC. *p<0.05, **p<0.01, ***p<0.005 significantly
different from basal.

IL-1β induces glycolytic mechanisms in RAFLS and 
HUVEC
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