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Arthritis and the RAS



Pathophysiology of Arthritis and the RAS

Inflammatory mechanisms:

 Ang II activates NF-κB, enhances IL-1, IL-6 and TNF-α 

production, induces the production ROS

Osteopenia:

The classical RAS arm can act on osteopenia by means of three 

different pathways:

 RANKL pathway

 DKK-1 pathway

 MMPs pathway



Moreira, F.R.C., et al. Mol Biol Rep 48, 6619–6629 (2021).

 AngII interacts with the AT1 receptor and 

stimulates the production of vascular 

endothelial growth factor (VEGF) and 

inflammatory Cytokines

 This increase the production of angiopoietin, 

Mielometaloproteinases (MMPs) and 

chemotaxis of endothelial cells. 

 These factors, together with the increased 

VEGF, stimulate angiogenesis.

 Ang-(1-7) interacts with Mas receptor and 

exerts the opposite effect, decreasing VEGF 

production and angiogenesis

Pathophysiology of Arthritis and the RAS
Angiogenesis:

 Has a central role in assisting the invasion of inflammatory cells, which results 

in characteristic structural destruction of articular tissue.



• Balance of the RAS arms is essential for homeostasis of the body 
functions

• Activation of RAS can result in chronic imbalances potentially leading 
to pathological conditions (renal, CV, CNS, musculoskeletal).

• ACE2 keeps Ang II level with in normal level and produces an anti-
inflammatory peptide, Ang-(1-7).

• Circulating ACE2 has been associated with different disease and 
may be useful diagnostic and prognostic biomarker

• Despite the higher plasma level of ACE2, patients with those disease 
presented with reduced ACE2 enzyme activity

• The sera of patients with vasculopathy, high levels of Anti-ACE2 
auto-Ab were detected which strongly correlated with the ACE2 
activity  

Arthritis and the RAS

S. Khajeh Pour et al. Inflammopharmacology, 30, 1295–1302 (2022); Takahashi et al. Arthritis Research & Therapy 2010, 12:R85



Anti-ACE2  Autoantibody



• Consistent and reliable measurement of ACE2 activity is 
difficult.

• Instead, the substrate and product of the ACE2 enzyme 
can be quantified robustly.

• This study measured Anti-ACE2 Autoantibody and 
Ang peptides in blood samples of patients with 
arthritis to investigate their correlation with RA 
disease intensity

Study Significance



• This was a pilot study using 12 patients with RA under an approved 
protocol (IRB-FY2020-273). 

Study Design

Patient’s demographic and clinical characteristics of RA patients

Variable Remission (N = 7) Active (N = 5) p-value

Mean ± SD Mean ± SD

Age 68.29 ± 12.05 68.80 ± 15.22 nsa

BMI 28.57 ± 5.71 27.60 ± 5.46 nsa

Medication use 7.43 ± 3.78 7.40 ± 2.07 nsa

Comorbidities 1.71 ± 1.25 1.80 ± 0.84 nsa

CRP (mg/L) 1.59 ± 1.27 16.10 ± 10.97 0.0054*

RAPID3 score 8.29 ± 6.38 19.85 ± 7.64 0.0085*

*One-tailed t-test was performed, p<0.05, ans; not significant.



Method

LC-MS/MS analysis of biomarkers

Solid Phase Extraction



Results and Discussion

C



Results and Discussion



Results and Discussion



Results and Discussion



Conclusion

The findings of this study suggest:  

 The RAS classical arm is augmented and the protective arm is 

suppressed in RA and other inflammatory disease. 

 Higher systemic  or local Ang-(1–7) levels could put the disease 

into remission and protect the patient from long-term 

consequences of RA.

 The RAS components as the biomarkers of RA can serve as a 

reliable tool for early detection, to help clinicians evaluate the 

treatment success rate and determine disease prognosis to 

prevent long-term complications of RA.
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