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Abstract
Background This study aimed to explore a correlation between plasma angiotensin II/(1–7) (Ang II/Ang-(1–7)) ratio, anti-
ACE2 autoantibodies level and disease activity in rheumatoid arthritis (RA) patients.
Methods In a pilot study, the plasma level of Ang II, Ang-(1–7), and anti-ACE2 autoantibodies of twelve RA patients (five 
in active stage and seven in remission) were measured using an LC–MS/MS method and an ELISA kit, respectively.
Results The Ang-(1–7) level was significantly higher in the remission group than in the active RA patients (7.63 ± 2.61 vs. 
1.29 ± 0.81 ng/mL). On the contrary, the Ang II level was higher in those with active RA compared to the remission group 
(5.43 ± 1.82 vs. 0.87 ± 0.16 ng/mL). The mean ELISA score of anti-ACE2 autoantibodies in patients with active RA was 
significantly higher than patients in remission (1.41 ± 0.11 vs. 1.81 ± 0.11, p < 0.05).
Conclusion This study result suggests that the angiotensin peptides concentration and anti-ACE2 autoantibodies levels 
can be used as biomarkers of RA. This will help clinicians evaluate better treatment success rates and disease prognosis to 
prevent long-term complications of RA.

Keywords Renin Angiotensin system · Rheumatoid arthritis · Angiotensin-(1–7) · Angiotensin II · Anti-ACE2 
autoantibodies

Introduction

Rheumatoid arthritis (RA) is an autoimmune disorder affect-
ing about 1% of the world population (Firestein 2003). It 
is a chronic inflammatory autoimmune disease affect-
ing many joints of the body, but primarily hands, wrists, 
and feet, causing pain, swelling, stiffness and disability, and 
systemic complexities that may lead to an early death (Choy 
2012). The literature indicates that the renin–angiotensin 
(Ang) system (RAS) comprises different factors contribut-
ing to inflammatory reactions in various tissues. It is shown 

that many components of this system, including peptides 
(Phillips and Kagiyama 2002; Ruiz-Ortega et al. 2001) and 
enzymes (Goto et al. 1990), are involved in RA pathogen-
esis. The RAS (Fig. 1) consists of two opposing yet balanced 
arms, classical and protective, which act as a critical regula-
tor of blood pressure, body fluid, and electrolyte homeostasis 
(Turner and Hooper 2002). However, this balance can be 
disturbed, and the plasma level of its components could be 
altered due to pathological inflammatory conditions such as 
RA (Moreira et al. 2021).

The classical RAS consists of Ang converting enzyme 
(ACE)/Ang II/Ang II type 1 receptor (AT1R), which is asso-
ciated with a diverse range of biological effects through the 
AT1R activation by Ang II and initiation of intracellular 
activity cascades in different tissues. In addition to the con-
ventional pathway of ACE, Ang II produces from its precur-
sor Ang I through the catalytic action of chymase, a potent 
serine protease widely distributed in various human tissues 
(Urata et al. 1994). The outcome of such cascade activation 
is pro-inflammatory, proliferative, fibrotic, and vasoconstric-
tive effects (Dzau 2001). The RAS protective arm consists 
of ACE2/Ang-(1–7)/Mas receptor (MasR), which opposes 

Inflammopharmacology

 * Ali Aghazadeh-Habashi 
 habaali@isu.edu

1 College of Pharmacy, Idaho State University, Pocatello, ID, 
USA

2 Institute of Arthritis Research LLC, Idaho Falls, ID, USA
3 School of Nursing, Idaho State University, Meridian, ID, 

USA
4 Department of Biomedical and Pharmaceutical Sciences, 

College of Pharmacy, Idaho State University, Leonard Hall 
212, Pocatello, ID 83209-8288, USA

http://orcid.org/0000-0003-4456-3123
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-022-01008-9&domain=pdf


1296 S. Khajeh Pour et al.

1 3

the Ang II effects (Soro-Paavonen et al. 2012; Varagic et al. 
2014). Ang-(1–7) is one of the active peptides of the RAS 
that can be directly formed from Ang I through the action 
of neutral endopeptidase (NEP) or prolyl endopeptidase 
(PEP) and mainly by the action of ACE2 on Ang II (Eriks-
son et al. 2002). Ang-(1–7) acts as the counterregulatory 
peptide within the RAS and presents with anti-inflammatory, 

anti-proliferative, anti-fibrotic, and vasodilatory effects and 
maintains hydro-electrolyte, blood pressure, and immune 
system balances (Souza dos Santos et al. 2001).

Activation of the RAS with different etiologies results in 
a chronic imbalance between two arms of the RAS, which 
can potentially lead to the development of pathophysiologi-
cal conditions in multiple tissues such as renal, cardiovascu-
lar (CV), central nervous system (CNS), or articular tissues. 
ACE2 is one of the main components of the RAS, which 
converts pro-inflammatory Ang II to tissue-protective Ang-
(1–7). The urinary or plasma circulating level of ACE2 has 
been associated with different disease conditions such as 
renal (Soro-Paavonen et al. 2012), CV (Varagic et al. 2014), 
and metabolic disorders (Park et al. 2013). Many studies 
correlate plasma ACE2 levels with hypertension (Varagic 
et al. 2014), heart failure, microalbuminuria, and nephropa-
thy in diabetic patients (Park et al. 2013). Despite the higher 
plasma level of ACE2, those patients presented with reduced 
ACE2 enzyme activity and had considerable circulating 
anti-ACE2 autoantibodies (Takahashi et al. 2010) (Fig. 2). 
Herein, we investigated the production of anti-ACE2 autoan-
tibodies in inflammatory conditions, impacting Ang peptides 
levels. Therefore, the measurement of Ang-(1–7) level as a 
product of ACE2 activity on Ang II and assessment of the 
Ang II/Ang-(1–7) ratio along with anti-ACE2 autoantibodies 
could offer reliable diagnostic and prognostic biomarkers for 
patients with different inflammatory diseases such as RA.

The present study sheds light on the relationship between 
the activated RAS and RA. The plasma levels of two main 
peptides of the RAS, Ang-(1–7) and Ang II, and anti-ACE2 
autoantibodies ELISA scores were evaluated and com-
pared in individuals with active or remission stage RA. We 
explored correlations between RAS biomarkers and RA 
status within each group, particularly the C-reactive pro-
tein (CRP) levels, and PAPID3 scores. With these findings, 
hypotheses can be made about the status of systemic RAS 
axes in RA and establishing reliable biomarkers for the diag-
nosis and prognosis of RA.

Fig. 1  The schematic overview of the RAS and its opposing classical 
and protective arms. Ang; angiotensin, ACE; angiotensin-converting 
enzyme, ACE2; angiotensin-converting enzyme 2, MasR; Mas recep-
tor, AT1R; angiotensin II type 1 receptor, AT2R; angiotensin II type 2 
receptor, NEP; neutral endopeptidase, PEP; prolyl endopeptidase

Fig. 2  An illustration of ACE2 
inactivation by its specific 
autoantibodies. ACE2; angioten-
sin-converting enzyme 2
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Materials and methods

Materials

Ang-(1–7) and Ang II were purchased from AnaSpec (Fre-
mont, CA, USA).  [Asn1  Val5]-Ang II was purchased from 
Sigma Aldrich (St. Louis, MO, USA) and used as LC–MS/
MS assay internal standard (IS). Complete Mini™ pro-
tease inhibitor tablets were purchased from Sigma Aldrich 
(St. Louis, MO, USA). All solvents were LC–MS grade 
and were purchased from Sigma Chemical Co. The  C18 
solid-phase extraction (SPE) cartridges (3 mL, 500 mg) 
were obtained from Waters Corporation (Milford, MA, 
USA). Human recombinant ACE2 was purchased from 
Abcam (ab151852, Cambridge, United Kingdom). Dou-
ble-distilled deionized water was used in all experiments.

Study design

This investigation was an exploratory pilot study in which 
12 patients with RA were enrolled using a convenience 
sampling approach at the time of the study. Patients were 
categorized into the “active” and “remission” groups based 
on the disease diagnosis criteria explained below. The 
Institutional Review Board approved this study through 
the IRB-FY2020-273 protocol. Written informed consent 
was obtained from all patients before admission to the 
study.

Defining RA stage

The staging of RA activity was made using a Routine 
Assessment of Patient Index Data 3 (RAPID3) questionnaire 
(Pincus et al. 2008) in tandem with comparing the measured 
amount of CRP. RAPID3 questionnaire is a self-reporting 
index that includes the three patient-reported American Col-
lege of Rheumatology (ACR) Core Data Set. RAPID3 meas-
ures RA based on physical function, pain, and the global 
patient status estimate (Pincus et al. 2008). Each of these 
criteria is scored 0 to 10, for a total of 0 to 30 scores. CRP 
is a protein made in the acute phase of RA and is the most 
common test used in clinical practice. CRP elevation can 
be a very early and sensitive response to most inflamma-
tion diseases and can be a valid marker for inflammation 
and infection. Furthermore, CRP is widely used as an index 
of disease activity in rheumatological and other connective 
tissue diseases, except for systemic Lupus Erythematosus 
(Schwenger et al. 1998).

In this study, a CRP level above 10 mg/L correlated with 
elevated RAPID3 measurements, confirming active RA dis-
ease in certain patients. Patients with less disease activity 

or disease remission had CRP levels below 10 mg/L and 
RAPID3 measurements in the “low” or “remission” levels.

Plasma sample collection

Two mL of blood was obtained from each participant and 
transferred to test tubes containing 100 μL of protease 
inhibitor cocktail solution containing 1.0 mM p-hydroxy 
mercury benzoate, 30 mM 1,10-phenanthroline, 1.0 mM 
phenylmethylsulphonyl fluoride, 1.0 mM Pepstatin A and 
7.5% EDTA (all from Sigma Aldrich, St. Louis, MO, USA) 
to inactivate the peptidases based on the manufacturer's 
brochure. No heparin was added as it interferes with the 
assay. Plasma was harvested after centrifugation for 10 min 
at 2500×g and 4 °C. Each plasma sample was aliquoted 
to avoid repeated freeze and thaw cycles and was stored 
at − 80 °C until assayed.

Solid‑phase extraction (SPE)

SPE was done based on a previously established method by 
Cui et al. with minor changes in the process (Cui et al. 2007). 
Briefly, to 200 μL of plasma samples, 50 μL of the  [Asn1 
 Val5] Ang II IS (20 ng/mL) was added and mixed. Then, 
formic acid was added to the final concentration of 0.5%, and 
after vortex mixing, samples were loaded onto the Waters 
 C18 SPE cartridges. The cartridges were preconditioned with 
2 mL ethanol and 4 mL deionized water. Samples were then 
loaded onto the cartridge, followed by 3 mL of deionized 
water to wash it. A positive nitrogen flow was applied to dry 
the cartridges further. Then 2.5 mL of methanol containing 
5% formic acid was added to elute the Ang peptides. The 
eluted solutions were collected and dried using a Savant 
200 SpeedVac system (Thermo Fisher Scientific, Waltham, 
MA, USA). The dried samples were reconstituted in 100 µL 
of 16% acetonitrile in water containing 0.1% formic acid, 
and 10 µL of samples were injected into the LC–MS/MS to 
quantify the Ang peptides concentrations.

LC–MS/MS analysis

For plasma sample analysis, a validated LC–MS/MS with 
multiple reaction mode (MRM) method (Cui et al. 2007) 
was used. The system was composed of liquid chromatogra-
phy in tandem with mass spectrometry (Shimadzu, Colum-
bia, MD, USA) with a controller (CBM-20A), two binary 
pumps (LC-30AD), an autosampler (SIL-30AC), and an AB 
SCIEX (Foster City, CA, USA) QTRAP 5500 quadrupole 
mass spectrometer in positive electrospray ionization mode 
(ESI). The chromatograms were monitored and integrated 
by the Analyst 1.6.3 software from AB Sciex.

LC separation was performed on an analytical reversed-
phase column Kinetex-C18 100 × 2.1  mm (1.7  μm) 
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(Phenomenex, Torrance, CA) using a combination of A: 
0.1% formic acid in water and B: 0.1% formic acid in ace-
tonitrile as mobile phases at a flow rate of 0.2 mL/min. 
The mobile phase gradient started at 5% B and increased 
to 30% B in 5 min, kept at 30% B for 5 min. Subsequently, 
the gradient was returned to 5% B in 3  min and held 
at 5% B for 2 min before the next injection for column 
re-equilibrium.

The positive ion ESI mass spectrometric parameters 
were as follow: capillary voltage; 5.5 kV, temperature; 
300 ºC, declustering potential (DP); 100 V, and collision 
cell exit potential (CXP); 15 V. LC–MS/MS was per-
formed with MRM transitions of m/z 300.6 → 371.2 (Ang-
(1–7)), m/z 349.7 → 400.2 (Ang II), and m/z 516.5 → 769.4 
(IS). Nitrogen was used as collision gas, and the colli-
sion energies were set at 20–30 eV. The calibration curves 
using peak height ratio (analyte over IS) were constructed 
over the range of 500 pg/mL to 10 ng/mL in plasma.

Detection of anti‑ACE2 autoantibodies in plasma

Anti-ACE2 autoantibodies were detected using a previ-
ously-established method by Takahashi et al. (Takahashi 
et al. 2010). Briefly, an ELISA assay was performed using 
purified recombinant human ACE2. About 10 μg/mL of 
recombinant human ACE2 were first coated overnight onto 
a 96-well plate with bicarbonate buffer (pH 9.6) at 4 °C. 
The wells were then treated with a blocking buffer com-
posed of 5% BSA in PBS and washed with a buffer con-
sisting of 20 mM Tris–HCl (pH 7.5), 150 mM NaCl, and 
0.1% Tween 20. The plasma samples of the patients was 
added to the plate and incubated for 1 h at room tempera-
ture. Bound anti-ACE2 autoantibodies were detected using 
horseradish peroxidase-conjugated anti-human IgG anti-
body (Novus Biologicals, Littleton, CO, USA). The optical 
density (OD) at 450 nm was measured after a 30-min incu-
bation with SureBlue TMB microwell peroxidase substrate 
(Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD, 
USA). All samples were analyzed in triplicate.

Statistical analysis

All data are reported as means ± SEM. Data distribu-
tion was tested for their normality. The one-tailed Stu-
dent’s t-test was used to analyze the demographics. The 
Mann–Whitney U and two-tailed Student’s t-test was used 
for the rest of the comparisons to determine significant 
differences at p < 0.05 using GraphPad Prism 8.0 software 
(San Diego, CA, USA). The Pearson correlation coefficient 
between variables was calculated using SAS Studio online 
version.

Results

Patients’ demographic and RA diagnosis

The demographics of patients having RA in remission 
(n = 7) or active (n = 5) groups are presented in Table 1. Each 
group had a similar distribution of males and females. There 
were no statistically significant differences in age, body mass 
index (BMI), medication use, or comorbidities. However, 
the score values for CRP and RAPID3 were significantly 
different between the two groups (Table 1).

RAPID3 is included by the American College of Rheu-
matology (ACR) among the indices used to measure RA 
disease activity (Saag et al. 2008). Based on the CRP levels 
and RAPID3 scores, five patients fall into the active RA 
category, and seven in the remission category.

Plasma Ang peptides quantification using LC–MS/
MS

The mean ± SEM results of the levels of Ang-(1–7) and Ang 
II peptides are shown in Fig. 3A. The data indicate that Ang-
(1–7) level in active RA (1.29 ± 0.81 ng/mL) is significantly 
lower than in remission RA (7.63 ± 2.61 ng/mL). In contrast 
to Ang-(1–7) levels, Ang II levels are significantly higher in 
active RA patients (5.43 ± 1.82 ng/mL) as in comparison to 
the remission group (0.87 ± 0.16 ng/mL).

The ratio of Ang-(1–7)/Ang II in remission and active 
group is shown in Fig. 3B. This ratio was significantly 
lower in the active (0.25 ± 0.12) than in the remission group 
(5.61 ± 0.67).

ELISA scores for plasma anti‑ACE2 autoantibodies

Samples from active and remission patients showed an 
ELISA reactivity to ACE2. The OD values were above the 
baseline level, and it was determined as the mean ELISA 

Table 1  Baseline demographic and clinical characteristics of RA 
patients

ns not significant
*One-tailed t-test was performed, p < 0.05

Variable Remission group Active group p-value
Mean ± SD Mean ± SD

Age 68.29 ± 12.05 68.80 ± 15.22 Ns
BMI 28.57 ± 5.71 27.60 ± 5.46 Ns
Medication use 7.43 ± 3.78 7.40 ± 2.07 Ns
Comorbidities 1.71 ± 1.25 1.80 ± 0.84 Ns
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*
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score in those samples. The mean ELISA score was signifi-
cantly higher in the active (1.81 ± 0.11) RA patients than in 
the remission (1.41 ± 0.11) RA patients (Fig. 4).

Ang‑(1–7), Ang II and anti‑ACE2 autoantibodies 
correlations

The observed correlations of the anti-ACE2 autoantibod-
ies ELISA score, Ang II peptide level, and Ang-(1–7)/Ang 
II ratio with RAPID3 score and CRP level are shown in 
Fig. 5. Positive correlations of anti-ACE2 autoantibodies 
ELISA score with CRP level (r = 0.7251) and RAPID3 score 
(r = 0.6132) were detected (Fig. 5A). Similarly, Ang II level 
was positively correlated with anti-ACE2 autoantibodies 
(r = 0.6796), CRP levels (r = 0.7820), and Rapid 3 score 
(r = 0.2555), but it was not significant in the latter case. As 
shown in Fig. 5C, in the case of Ang-(1–7)/Ang II ratio, the 
sign of those significant correlations was negative.

Discussion

This study evaluated and compared Ang-(1–7), Ang II 
plasma levels, Ang-(1–7)/Ang II ratio, and anti-ACE2 
autoantibodies ELISA scores between active and remission 
RA patients to determine whether the RAS systemic axes 
were unbalanced in RA. Results indicate that Ang-(1–7) 
levels were significantly lower in the active RA patients, 
whereas Ang II levels were markedly higher than patients 
in remission. Similarly, the mean ELISA score of anti-
ACE2 autoantibodies was substantially higher in active 
RA patients. As the circulating soluble ACE2 is mainly 
responsible for the conversion of Ang II to Ang-(1–7), the 

lower Ang-(1–7)/Ang II ratio in active RA patients was 
attributed to the deactivation of ACE2 enzyme by higher 
anti-ACE2 autoantibodies levels. This is in concert with 
the observed higher Ang II plasma levels in the active 
RA patients and positively correlated with CRP levels and 
RAPID3 scores.

It is worth mentioning the observed results indicate that 
both arms of the RAS are affected by RA. Accordingly, the 
higher score of anti-ACE2 autoantibodies in the active RA 
than in remission patients emphasizes the contribution of 

Fig. 3  Ang-(1-7) and Ang II 
plasma concentration (ng/mL) 
in the active (n=5) and remis-
sion (n=7) groups (A), and the 
ratio of Ang-(1-7)/Ang II (B). 
Data are presented in mean ± 
SEM, *significantly differ-
ent from the remission group, 
p<0.05

Fig. 4  The plasma anti-ACE2 autoantibodies ELISA scores of RA 
patients in the active and remission stages. Data are presented as 
mean ± SD, *significantly different from the remission group, p 
<0.05
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the classical and protective arm to the disease’s status and 
intensity. It was previously reported that the plasma anti-
ACE2 autoantibodies in patients with inflammatory condi-
tions such as pulmonary arterial hypertension (Takahashi 
et al. 2010) and COVID-19 (Arthur et al. 2021) were asso-
ciated with the intensity of the disease and poor prognostic 
outcome. The reported evidence aligns with the theory that 
anti-ACE2 antibodies can decrease soluble ACE2 activ-
ity and lower the Ang-(1–7)/Ang II ratio in inflammatory 
diseases. This phenomenon shifts the balance between the 
RAS arms toward the pro-inflammatory state and triggers 
observed arthritis symptoms in RA and cytokine syndrome 
in COVID-19 patients. This study is the first to report the 
RAS peptides and anti-ACE2 autoantibodies ELISA analysis 
associated with RA disease activity.

Braz et al. (2021) compared plasma levels of the RAS 
components between healthy and RA patients and corre-
lated them with CV risk association. The study falls short 
of categorizing the patients based on their disease status of 
being at the active stage or in remission and did not look 
at the plasma anti-ACE2 antibodies. In line with our study, 
Braz et al. reported an association between CV risks of RA 
with the imbalance of the RAS arms. They also noticed an 
early, subclinical atherosclerotic disease in the cohort of 
female patients with at least 6 months of RA. The authors 
reported higher ACE, Ang II, and Ang-(1–7) peptides in 
RA patients and observed positive control between Ang II 
levels and disease activity indices, such as Disease Activ-
ity Score in 28 joints (DAS28) and Clinical Disease Activ-
ity Index (CDAI). Similar to previously reported studies 
(Soro-Paavonen et al. 2012; Varagic et al. 2014; Park et al. 

Fig. 5  Correlations between the Ang II concentration, anti-ACE2 
autoantibodies ELISA, and RAPID3 scores (A), Ang II plasma con-
centration, CRP levels, and anti-ACE2 autoantibodies ELISA score 

(B), Ang-(1-7)/Ang II ratio, anti-ACE2 autoantibodies ELISA score, 
CRP levels, and RAPID3 scores (C)
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2013), the authors observed a higher trend of ACE2 lev-
els in RA patients. They also noted that Ang-(1–7) level 
was higher and Ang II/Ang-(1–7) ratio was lower in RA 
patients, which was interpreted as a compensatory mech-
anism of the RAS protective arm. The observed higher 
ACE/ACE2 ratio has been reported in animal models of 
arthritis. In contrast to Braz et al.’s findings, such imbal-
ance resulted in an expected higher AngII/Ang-(1–7) ratio 
in plasma and heart tissues (Asghar et al. 2017). The dis-
crepancy in Braz et al.’s study (a lower ratio of AngII/ 
Ang-(1–7) in RA patients despite the higher ACE/ACE2 
ratio) can arise from several reasons related to their study 
design. First, the composition of the patient cohort regard-
ing the disease state (active vs. remission) is not clear. 
Our findings indicate that the RAS components levels and 
Ang-(1–7)/ Ang II ratio are significantly correlated with 
the intensity of the RA disease. Therefore, analysis of data 
without considering the disease stage could be mislead-
ing. It is known that inflammation activates the RAS and 
impacts it in the enzyme, peptide, and receptor levels in 
favor of its classical arm in different inflammatory condi-
tions (such as RA, diabetes, cancer, etc.) (Moreira et al. 
2021; Munro et al. 2017; Ribeiro-Oliveira Jr et al. 2008). 
This activation promotes disease progression by produc-
ing pro-inflammatory mediators through Ang II interaction 
with AT1R. Secondly, the use of ACE inhibitors (ACEi), 
Ang II receptor blockers (ARBs), nonsteroidal anti-inflam-
matory drugs (NSAIDs), and other anti-inflammatory 
medications increases ACE2 expression and Ang-(1–7) 
levels (Asghar et al. 2017; Ferrario et al. 2020). Therefore, 
such medications modulate the inflammation by restor-
ing the disturbed balance of the RAS components, which 
could explain the Braz et al. reported-higher level of Ang-
(1–7) beyond the componentry mechanisms. Third, despite 
the higher trend of ACE2 in RA patients, its activity could 
be compromised by developing anti-ACE2 autoantibod-
ies, which have been observed in inflammatory diseases 
(Takahashi et al. 2010). Thus, if the patients in Braz et al.’s 
study were categorized based on the disease state and their 
Ang II and Ang-(1–7) plasma levels were compared to 
their disease state instead of healthy vs. RA, a similar 
result of the current study could be observed.

The current pilot study suffers from some limitations. 
Although a statistical significance was observed for almost 
all correlations, there was a sign of clustered data rather 
than correlation in the case of CRP. Some level of caution 
should be taken in its interpretation. In addition, these 
results could be more solid and convincing if the sam-
ple size was larger and more individuals with RA were 
enrolled in the study. Including other disease index scores 
could also solidify the observed correlation of the RAS 
biomarkers with CRP and RAPID3 indices.

Conclusion

In conclusion, the findings support the hypothesis that the 
RAS classical arm is augmented and the protective arm is 
suppressed in RA. This study suggests that higher systemic 
and maybe local Ang-(1–7) levels could modulate and put 
the disease into remission and protect the patient from 
long-term consequences of RA. These hypotheses need 
future testing with more extensive, longitudinal follow-
up studies and a more comprehensive assessment of the 
RAS components. As RA pathogenesis remains mainly 
unelaborated, it is essential to follow every lead that may 
help explain the disease.

These findings confirm that the RAS is one of the major 
players in different inflammatory disease pathophysiology, 
including RA. Therefore, utilizing the RAS components 
as the biomarkers of RA can serve as a reliable tool for 
early detection. This could also help clinicians evaluate the 
treatment success rate and determine disease prognosis to 
prevent long-term complications of RA.

Acknowledgements The authors want to thank INBRE/CTR-IN for 
providing financial support.

Author contributions Conceptualization, AA-H, and SST; patients’ 
sample collection, CS; sample analysis, SKP; statistical analysis, SKP, 
AA-H and SST; writing original draft preparation, SKP, and AA-H; 
writing-review and editing, SKP, AA-H, SST, and CS; supervision, 
AA-H; funding acquisition, AA-H, and SST All authors read and 
agreed to the published version of the manuscript.

Funding This project was supported by the awards granted to A A-H 
and SST from the National Institutes of Health under grants No. P20 
GM103408 (sub-award No. SI3394-SB-825944) and 5U54GM104944-
07 (sub-award No. GR09455), respectively.

Data availability All datasets generated and analyzed during the cur-
rent study are available from the corresponding author.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval and consent to participate The Institutional Review 
Board approved this study through the IRB-FY2020-273 protocol. 
Written informed consent was obtained from all patients before admis-
sion to the study.

References

Arthur JM, Forrest JC, Boehme KW, Kennedy JL, Owens S, Herzog C, 
Liu J, Harville TO (2021) Development of ACE2 autoantibodies 
after SARS-CoV-2 infection. PLoS One 16:e0257016

Asghar W, Aghazadeh-Habashi A, Jamali F (2017) Cardiovascular 
effect of inflammation and nonsteroidal anti-inflammatory drugs 



1302 S. Khajeh Pour et al.

1 3

on renin-angiotensin system in experimental arthritis. Inflammop-
harmacology 25:543–553

Braz NFT, Pinto MRC, Vieira ÉLM, Souza AJ, Teixeira AL, Simões-
E-silva AC, Kakehasi AM (2021) Renin-angiotensin system mol-
ecules are associated with subclinical atherosclerosis and disease 
activity in rheumatoid arthritis. Mod Rheumatol 31:119–126

Choy E (2012) Understanding the dynamics: pathways involved in the 
pathogenesis of rheumatoid arthritis. Rheumatology 51:v3–v11

Cui L, Nithipatikom K, Campbell WB (2007) Simultaneous analysis of 
angiotensin peptides by LC-MS and LC-MS/MS: metabolism by 
bovine adrenal endothelial cells. Anal Biochem 369:27–33

Dzau VJ (2001) Tissue angiotensin and pathobiology of vascular dis-
ease: a unifying hypothesis. Hypertension 37:1047–1052

Eriksson U, Danilczyk U, Penninger JM (2002) Just the beginning: 
novel functions for angiotensin-converting enzymes. Curr Biol 
12:R745–R752

Ferrario CM, Ahmad S, Groban L (2020) Mechanisms by which angi-
otensin-receptor blockers increase ACE2 levels. Nat Rev Cardiol 
17:378–378

Firestein GS (2003) Evolving concepts of rheumatoid arthritis. Nature 
423:356–361

Goto M, Fujisawa M, Yamada A, Okabe T, Takaku F, Sasano M, Nish-
ioka K (1990) Spontaneous release of angiotensin converting 
enzyme and interleukin 1 beta from peripheral blood monocytes 
from patients with rheumatoid arthritis under a serum free condi-
tion. Ann Rheum Dis 49:172–176

Moreira FRC, de Oliveira TA, Ramos NE, Abreu MAD, Simões e Silva 
AC (2021) The role of renin angiotensin system in the pathophysi-
ology of rheumatoid arthritis. Mol Biol Rep 48:6619–6629

Munro MJ, Wickremesekera AC, Davis PF, Marsh R, Tan ST, Itinteang 
T (2017) Renin-angiotensin system and cancer: a review. Integr 
Cancer Sci Ther 4:1–6

Park SE, Kim WJ, Park SW, Park JW, Lee N, Park C-Y, Youn B-S 
(2013) High urinary ACE2 concentrations are associated with 
severity of glucose intolerance and microalbuminuria. Eur J Endo-
crinol 168:203–210

Phillips MI, Kagiyama S (2002) Angiotensin II as a pro-inflammatory 
mediator. Curr Opin Investig Drugs (london, England: 2000) 
3:569–577

Pincus T, Swearingen CJ, Bergman M, Yazici Y (2008) RAPID3 (Rou-
tine Assessment of Patient Index Data 3), a rheumatoid arthri-
tis index without formal joint counts for routine care: proposed 

severity categories compared to disease activity score and clinical 
disease activity index categories. J Rheumatol 35:2136–2147

Ribeiro-Oliveira A Jr, Nogueira AI, Pereira RM, Boas WWV, Dos 
Santos RAS, E Silva ACS (2008) The renin–angiotensin system 
and diabetes: an update. Vasc Health Risk Manag 4:787

Ruiz-Ortega M, Lorenzo O, Suzuki Y, Rupérez M, Egido J (2001) 
Proinflammatory actions of angiotensins. Curr Opin Nephrol 
Hypertens 10:321–329

Saag KG, Teng GG, Patkar NM, Anuntiyo J, Finney C, Curtis JR, Pau-
lus HE, Mudano A, Pisu M, Elkins-Melton M (2008) American 
College of Rheumatology 2008 recommendations for the use of 
nonbiologic and biologic disease-modifying antirheumatic drugs 
in rheumatoid arthritis. Arthritis Care Res 59:762–784

Schwenger V, Sis J, Breitbart A, Andrassy K (1998) CRP levels in 
autoimmune disease can be specified by measurement of procal-
citonin. Infection 26:274–276

Soro-Paavonen A, Gordin D, Forsblom C, Rosengard-Barlund M, 
Waden J, Thorn L, Sandholm N, Thomas MC, Groop P-H, 
GROUP, F. S. (2012) Circulating ACE2 activity is increased in 
patients with type 1 diabetes and vascular complications. J Hyper-
tension 30:375–383

Souza dos Santos RA, Passaglio KT, Pesquero JB, Bader M, Simões e 
Silva AC (2001) Interactions between angiotensin-(1–7), kinins, 
and angiotensin II in kidney and blood vessels. Hypertension 
38:660–664

Takahashi Y, Haga S, Ishizaka Y, Mimori A (2010) Autoantibodies 
to angiotensin-converting enzyme 2 in patients with connective 
tissue diseases. Arthritis Res Ther 12:R85

Turner AJ, Hooper NM (2002) The angiotensin–converting enzyme 
gene family: genomics and pharmacology. Trends Pharmacol Sci 
23:177–183

Urata H, Strobel F, Ganten D (1994) Widespread tissue distribution of 
human chymase. J Hypertension 12:S1–S22

Varagic J, Ahmad S, Nagata S, Ferrario CM (2014) ACE2: angioten-
sin II/angiotensin-(1–7) balance in cardiac and renal injury. Curr 
Hypertens Rep 16:420

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Plasma angiotensin peptides as biomarkers of rheumatoid arthritis are correlated with anti-ACE2 auto-antibodies level and disease intensity
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Materials
	Study design
	Defining RA stage
	Plasma sample collection
	Solid-phase extraction (SPE)
	LC–MSMS analysis
	Detection of anti-ACE2 autoantibodies in plasma
	Statistical analysis

	Results
	Patients’ demographic and RA diagnosis
	Plasma Ang peptides quantification using LC–MSMS
	ELISA scores for plasma anti-ACE2 autoantibodies
	Ang-(1–7), Ang II and anti-ACE2 autoantibodies correlations

	Discussion
	Conclusion
	Acknowledgements 
	References




