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Background and Objectives: Systemic lupus erythematosus (SLE) is an inflammatory 
disease. The sera of SLE patients contain antibodies-abzymes hydrolyzing myelin basic 
protein (MBP), DNA, nucleotides, and oligosaccharides. The blood of SLE patients contains 
an increased amount of some specific miRNAs. This study aimed to analyze a possible 
hydrolysis of eight microRNAs found in the blood of SLE patients with high frequency by 
blood antibodies-abzymes.
Patients and Methods: Using affinity chromatography of the serum proteins of SLE 
patients and healthy donors on protein G-Sepharose and following FPLC gel filtration, 
electrophoretically homogeneous IgG preparations containing no impurities of canonical 
RNases were obtained. These preparations were used to analyze their activity in the hydro-
lysis of eight miRNAs.
Results: It was shown that SLE IgGs hydrolyze very efficiently four neuroregulatory miRNAs 
(miR-219-2-3p, miR-137, miR-219a-5p, and miR-9-5p) and four immunoregulatory miRNAs 
(miR-326, miR-21-3p, miR-155-5p, and miR-146a-3p). To demonstrate that the miRNAs hydro-
lysis is an intrinsic property of SLE IgGs, several rigid criteria were checked. Only some IgGs of 
healthy donors showed very weak, but reliably detectable activity in the hydrolysis miRNAs. The 
average activity of SLE patients IgGs according to median values is statistically significant 
84.8-fold higher than that of healthy donors. The maximum and comparable average activity 
(RA) was observed in the hydrolysis of three miRAs: miR-9-5p, miR-155-5p, and miR-326. MiR- 
9-5p plays an important role in the development of lupus nephritis, while miR-326 activates the 
production of antibodies by B cells. The major and moderate specific sites of the hydrolysis of each 
miRNA were revealed. The hydrolysis of eight microRNAs was mostly site specific. Several SLE 
IgGs hydrolyzed some miRNAs demonstrating a combination of site-specific and non-specific 
splitting.
Conclusion: Since inflammatory processes in SLE are associated with the change in 
miRNAs expression, the decrease in their concentration due to hydrolysis by autoantibodies- 
abzymes may be important for SLE pathogenesis.
Keywords: systemic lupus erythematosus, IgG-abzymes, miRNA hydrolysis, autoimmune 
and inflammatory reactions

Introduction
Systemic lupus erythematosus (SLE) belongs to inflammatory autoimmune diseases 
and is characterized by a breakdown of immunological tolerance and the develop-
ment of autoantibodies to DNA and other own different antigens.1,2 In SLE, 
autoantibodies are generated against many intracellular antigens including first of 
all to DNA that resulting in the development of inflammation and damage to 
numerous organs: kidneys, skin, red bone marrow, and central nervous system. 
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Due to the high heterogeneity of the clinical manifesta-
tions of SLE, the detection of autoantigens of various 
organs does not allow to formulate the general laws of 
SLE pathogenesis.

It was suggested that many autoimmune diseases 
(AIDs) may be originated from defects in bone marrow 
hematopoietic stem cells (HSCs).3 The spontaneous and 
DNA-induced development of profound SLE in autoim-
mune MRL-lpr/lpr prone mice as was shown later is asso-
ciated with defects associated with specific changes in the 
bone marrow profile of HSCs differentiation.4–6 A similar 
situation was revealed for EAE-prone C57BL/6 mice 
(experimental autoimmune encephalomyelitis of mice, 
which is a model of human multiple sclerosis).7,8 During 
spontaneous and antigens-induced development of EAE, 
the changes in differentiation profiles of HSCs were 
observed. Changes in differentiation profiles of HSCs 
lead to the production in SLE and EAE mice lymphocytes 
synthesizing auto-Abs-abzymes splitting DNA, MBP, his-
tones, ATP, and polysaccharides.4–8

Abzymes of different AI patients can be synthesized 
directly to enzyme substrates acting as haptens feigning 
the chemical reactions transition states4,8 or to be anti- 
idiotypic immunoglobulins against various enzymes active 
centers. Healthy humans demonstrate no Abs with enzy-
matic activities, or their activities usually on the borderline 
of methods sensitivity.4–8.

Abzymes splitting these antigens were revealed in the 
blood of patients with several AIDS and viral diseases 
(SLE, multiple sclerosis (MS), polyarthritis, autoimmune 
thyroiditis, tick-borne encephalitis, HIV-infected patients, 
and some other diseases) (for review see Refs).9,14 Some of 
these abzymes can play a very negative role in the develop-
ment of SLE and other AIDs. DNase abzymes of SLE15 and 
MS patients16 are harmful since they are cytotoxic, can 
penetrate the cell nucleus, and split nuclear DNA inducing 
cells death by their apoptosis. Complexes of DNA-histones 
are the main immunogens powerfully stimulating the forma-
tion of anti-DNA autoantibodies17 and DNase abzymes.9–14 

The increase in the blood concentration of DNA and its 
complexes with histones leads to the production of abzymes 
against these antigens stimulating the development of 
AIDs.13,14 MBP-hydrolyzing abzymes (Abzs) are also dan-
gerous for mammals since they attack MBP of the axon’s 
myelin-proteolipid sheath, which can lead to impaired con-
duction of nerve impulses.13,14

With the development of AIDs, RNA-hydrolyzing 
abzymes are of particular interest. Polyclonal IgGs and 

IgMs of SLE patients hydrolyze polymeric RNAs ~30-300- 
fold faster than DNA.18,19 However, until now it was not 
clear to which blood RNAs exactly these abzymes may be 
produced and how they can be sequence-specific.

Non-coding microRNAs (miRNAs) play a special role 
in living organisms since they regulate transcription and 
expression of many genes20,23 as well as important for 
neuroinflammation.22 Several specific miRNAs are char-
acterized by increased expression in the blood of SLE 
patients.24,25 The extracellular miRNAs possess several 
functions: cell proliferation, signaling between cells, reg-
ulation of neurogenesis, and angiogenesis.26 Pathological 
processes resulting in inflammatory processes in SLE 
patients are associated with the change in miRNAs 
expression.27 Taking into account a special role of 
miRNAs, it was interesting whether auto-Abs-abzymes 
against these miRNAs may be generated.

The first data on the synthesis of Abs against miRNAs 
specifically hydrolyzing some miRNAs were found in the 
blood sera of schizophrenia (SCZ) patients.28,29 Hydrolysis 
of miR-219a-5p, miR-137, miR-219-2-3p, and miR-9-5p 
playing an important role in the functioning and regulation 
of several genes of SCZ patients was analyzed. Interestingly, 
the hydrolysis of these miRNAs was site-specific.28,29

According to modern data, the availability of abzymes in 
the blood sera is a clear statistically significant sign of the 
beginning and following progress of different AIDS in mam-
mals. In the blood of patients with SCZ, as well as SLE, were 
discovered abzymes that hydrolyze DNA, RNA, and 
MBP.28–31 Thus, schizophrenia, like SLE, may be also con-
sidered as an autoimmune disease.28–32 In addition, London 
Medical Institute Oliver House scientists put forward the idea 
that schizophrenia is an autoimmune disease of the brain.32 

Some similar neuropsychiatric indicators of SCZ and 50% of 
SLE patients were shown to be common.33 Therefore, it was 
interesting to see if the abzymes hydrolyzing miRNAs that 
were found in SCZ can exist in patients with SLE and how 
much they may differ or be similar.

In this article, we analyzed the possible relative activity 
of SLE IgGs and compare their substrate specificity in the 
hydrolysis of microRNAs with those for Abs from SCZ 
patients.

Patients and Methods
Chemicals, Donors, and Patients
Most chemicals were bought from Sigma (USA, St. Louis, 
MO), Superdex 200 HR 10/30 columns from GE Healthcare 
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(USA, GE Healthcare Life Sciences). Thermosensitive alka-
line phosphatase (FastAP) and RNase A were from Fisher 
Scientific (USA, Pittsburgh, PA).

Blood sera samples of patients with SLE and healthy 
volunteers were from the Institute of Clinical Immunology 
(Novosibirsk, Russia).

The blood sera of eleven SLE patients of different ages 
(39–68 yr. old; average value 51.0 ± 10.5; 9 women and 
1 man) and 14 healthy volunteers (18–40 yr. old; average 
value 28.0±9.0; 7 women and 7 men) were used for the study.

The study protocol was approved by the Institute of 
Clinical Immunology ethics committee including the writ-
ten consent of patients and healthy donors to present their 
blood for scientific purposes (according to guidelines of 
the Helsinki ethics committee). The diagnosis of SLE was 
made on the basis of the following tests: complete blood 
count (erythrocyte sedimentation rate, a decrease in the 
number of white blood cells, platelets, red blood cells), 
concentrations of C-reactive protein, antinuclear factor, 
antibodies to DNA, phospholipids, Ro/SS-A, La/SS-B, 
Smith antigen, changes in components of the C3, C4 
complement system, analysis of urine, ultrasound exam-
ination of the carotid arteries, abdominal organs and 
joints. An analysis was made of kidney damage, neurop-
sychiatric lesions, hemolytic anemia. Clinical criteria 
were also considered: mucosal ulcers, a rash on the cheek-
bones, bullous rashes, toxic epidermal necrosis as 
a variant of SLE, maculopapular rash, photosensitivity 
(skin rash resulting from a reaction to sunlight), subacute 
skin lupus.

SLE patients and healthy donors had no symptoms of 
any acute bacterial or viral infections.

IgG Purification and Characterization
Electrophoretically homogeneous IgGs first were sepa-
rated from other sera proteins by affinity chromatography 
of serum samples on protein G-Sepharose and following 
FPLC gel filtration using acidic buffer (pH 2.6) as 
in28,32,34–37. A more detailed description of the procedures 
used is given in the Supplementary methods. After all 
studies of IgG purification, collected fractions were neu-
tralized and sterilized by samples filtration through 0.1 μm 
Millex filter.

For checking of strict criteria assigning RNase activity 
directly to antibodies, mixtures of eleven preparations of 
SLE IgGs (sle-IgGmix) and 14 samples of healthy humans 
IgGs (h-IgGmix) were used. The sle-IgGmix was subjected to 
FPLC gel filtration on a Superdex 200 column using acidic 

buffer (pH 2.6) and affinity chromatography on anti-IgG- 
Sepharose bearing immobilized Abs against human IgGs as 
in28,32,34–37 Detailed descriptions of these chromatographies 
are given in the Supplementary methods. All fractions after 
two chromatographies were used to analyze their activity in 
different RNAs hydrolysis as described below.

For comparison of SLE IgGs and RNase A thermal 
stability, they were preincubated for 15 min at different 
temperatures from 30°C to 99°C and then their relative 
activities (RAs) were analyzed as described below using 
miR-137 as the substrate.

Analysis of Homo-Oligonucleotides and 
miRNAs Hydrolysis by IgGs
Fluorescently (fluorescein isothiocyanate; Flu) labeled homo- 
ribooligonucleotides (ribo-ONs) 5ʹ-Flu-(pC)23, 5ʹ-Flu-(pA)23, 
5ʹ-Flu-(pU)23, and several miRNAs characterized by impaired 
expression in SLE patients were used in the study. Four 
neuroregulatory miRNAs are: miR-219a-5p (5ʹ-Flu- UGAU 
UGUCCAAACGCAAUUCU), miR-137 (5ʹ-Flu-UUAUU 
GCUUAAGAAUACGCGUAG), miR-219-2-3p

(5ʹ-Flu-AGAAUUGUGGCUGGACAUCUGU), and 
miR-9-5p (5ʹ-Flu-UCUUUGGUUAUCUAGCUGUAU 
GA) and four immunoregulatory miRNas are: miR −326 
(5ʹ- Flu-CCUCUGGGCCCUUCCUCCAG), miR-155-5p 
(5ʹ- Flu-UUAAUGCUAAUCGUGAUAGGGGU), miR- 
21-3p (5ʹ- Flu-CAACACCAGUCGAUGGGCUGU), and 
miR-146a-3p (5ʹ-Flu-CCUCUGAAAUUCAGUUCUUC 
AG).

All reaction mixtures (10 μL) contained 50 mM Tris-HCl 
buffer (pH 7.5), 0.01 mg/mL one of miRNAs (1.3–1.6 μM 
depending on the microRNA used) and 0.6 µM individual 
IgGs as in.29,30 They were incubated for 1 h at 37° C and 
reactions were stopped by adding of 10 μL of denaturing 
buffer (0.025% xylene cyanol in a solution of 8 M urea). 
RNA length markers were prepared by statistical alkaline 
hydrolysis of 3.2 μM miRNAs by their hydrolysis for 15 min 
at 95° C using 50 mM bicarbonate buffer (pH 9.5).

Spatial Model of microRNAs
The spatial models of four microRNAs (miR-137, miR- 
9-5p, miR-219-2-3p, and miR-219a-5p) were generated 
previously28,29 and for the other four miRNAs (miR-326, 
miR-155-5p, miR-21-3p, and miR-146a-3p) were calcu-
lated in this article by Predict a Secondary Structure ser-
ver: http://rna.urmc.rochester.edu/RNAstructureWeb/ 
Servers/Predict1/Predict1.html.
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Statistical Analysis
Shapiro–Wilk’s W-Test criterion was used to analyze 
a normality of the distribution of different value sets 
obtained. The RAs of miRNAs hydrolysis for some IgG 
sample sets did not correspond to the normal Gaussian 
distribution. The nonparametric ranking method of 
Spearman therefore was used for the correlation analysis. 
The possible differences between the sample sets were 
analyzed by the Mann–Whitney U-test; the sets demon-
strating P < 0.05 were considered as statistically different. 
The average values ± SD, median magnitudes (M) and 
interquartile ranges (IQR) were estimated.

Results
Eleven IgG preparations were isolated from the blood sera 
of patients with a reliably established SLE diagnosis. In 
several articles, it was shown earlier (1995–2000 years) 
that antibodies from blood sera of healthy humans (with 
very rare exception) usually could not hydrolyze poly-
meric RNAs.10–14,37,39 However, a change has occurred 
over the last 20 years in the diet of people and environ-
mental pollution was increased. Taking this into account, 
for control in this work in the analysis of ribo-ONs and 
miRNAs-hydrolyzing activities we have used 14 prepara-
tions from the blood of conditionally healthy donors.

Selection of microRNA for Analysis
Numerous miRNAs are involved in regulating inflamma-
tion, which can be conditionally divided into pro- 
inflammatory and anti-inflammatory.21 Micro-RNAs that 
predominantly inhibit the expression of anti-inflammatory 
genes and thus stimulate pro-inflammatory responses are 
called pro-inflammatory miRNAs. On the contrary, anti- 
inflammatory miRNAs inhibit the expression of pro- 
inflammatory genes. Key pro-inflammatory miRNAs 
include miR-155-5p and miR-326.21 MiR-155 promotes 
the development of inflammatory T helper 1 (Th1) and 
T helper 17 (Th17) cells.40 Also, miR-155 is required for 
proper T cell-dependent antibody response, B cell func-
tion, and cytokine production.41 MiR-326 is a crucial reg-
ulator of pro-inflammatory Th17 cells differentiation, 
affecting the transcription factor Ets-1.42 At the same 
time, anti-inflammatory miRNAs were found, which 
include miR-146a and miR-21.21 It is known that miR- 
146a-3p inhibits T helper cells differentiation and type 
I interferon synthesis by blocking the IRF5 and STAT-1 
proteins;43,44 therefore, a decrease in miR-146a-3p 

expression promotes the development of SLE. Through 
RASGRP1 (RAS guanyl nucleotide-releasing protein 1), 
miR-21-3p inhibits DNA methylation enzyme, DNA 
methyltransferase 1, leading to enhanced expression 
genes associated with the autoimmune response.44 

Therefore, a decrease in miR-21 expression contributes 
to autoimmune pathology.

Dysregulation of the expression of pro-inflammatory 
miRNAs (miR-155-5p and miR-326) and anti- 
inflammatory miRNAs (miR-146a and miR-21) has been 
shown in SLE. It was revealed that anti-inflammatory miR- 
21-3p and miR-146a-3p are overexpressed in peripheral 
blood mononuclear cells (PBMCs) of SLE patients com-
pared to healthy subjects.45 However, other studies showed 
a decrease in miR-146a expression in PBMCs and plasma 
of SLE patients.24,46 At the same time, the expression of 
pro-inflammatory miR-155-5p and miR-326 was signifi-
cantly increased in PBMCs of SLE patients.45 Besides, the 
expression level of miR-326 was higher in regulatory 
T (Treg) cells isolated from SLE patients compared to 
healthy individuals.47 The increase in miR-326 expression 
was accompanied by a decrease in Ets-1, which is 
a negative regulator of B cell differentiation and autoanti-
bodies generation.47 Given the above data on the dysregula-
tion of miRNAs in SLE, we selected pro-inflammatory 
miR-155-5p and miR-326 and anti-inflammatory miR- 
146a miR-21 as one of the key targets in our study.

SLE is known to be often accompanied by neurological 
symptoms. Neuroregulatory miRNAs are actively involved 
in the regulation of the nervous system functions.48 

Therefore, we included in the study neuroregulatory 
miRNAs such as miR-9-5p, miR-219a-5p, miR-219-2-3p, 
and miR-137, which we had previously studied in 
schizophrenia.27,28 Among these miRNAs, miR-9-5p is 
also involved in the regulation of inflammation. It was 
shown that miR-9-5p inhibits NLRP3 inflammasome 
activation,49 and also participates in the regulation of 
nuclear factor kappa-B (NF-κB).50 Besides, miR-219 is 
associated with the regulation of endogenous resolution 
programs of inflammation.51

Purification and Characterizing of IgGs
Electrophoretically homogeneous IgG preparations were 
obtained from the sera of eleven SLE patients and 14 healthy 
conditionally healthy donors by sera proteins affinity chro-
matographies on Protein A-Sepharose and following FPLC 
gel filtration under conditions of nonspecific interactions 
destruction.28–31 Two mixtures of equal amounts of 
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polyclonal IgGs of 11 SLE patients (sle-IgGmix) and 
14 healthy volunteers (healthy-IgGmix) were prepared. The 
typical 150-kDa IgGmix preparations electrophoretic homo-
geneity was shown by SDS-PAGE with silver staining of 
proteins; only one band of protein was revealed (Figure 1A).

Application of the Strict Criteria
To show RNase activity utensils directly to IgGs of SLE 
patients, previously developed four strict criteria were 
used.9–14,52 It was shown that: a) the sle-IgGmix and 
healthy-IgGmix (corresponding to the peaks (central parts) 

Figure 1 SDS-PAGE analysis of the electrophoretic homogeneity of sle-IgG1 (lane 1), sle-IgG2 (lane 2), sle-IgGmix (lane 3), healthy-IgG1 (lane 4), and healthy-IgGmix (lane 5) 
in gradient gel (4–18%) with following staining of proteins with colloid silver (15 micro g IgGs were used) (A). Sle-IgG1, sle-IgG2, and healthy-IgG1correspond to individual 
antibodies of SLE patients and healthy volunteers, respectively. The arrows corresponding to lane C show the positions of protein molecular mass markers (A). Sle-IgGmix 

FPLC gel filtration using Superdex 200 column equilibrated with the buffer (pH 2.6) after IgGmix pre-incubation in this buffer (B) and affinity chromatography of the sle-IgGmix 

on Sepharose conjugated with mouse IgGs against human IgGs (C): (—), absorbance at 280 nm (A280); (□), relative activity (RA, %) of sle-IgGmix in the hydrolysis of miR-326 
(B and C). A complete hydrolysis of miRNA for 8 h using 7 µL of eluate was taken for 100% (B and C). The error of the initial rate determination from two experiments in 
each case did not exceed 7–10%.
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after gel filtration) were electrophoretically homogeneous 
(Figure 1A and B) sle-IgGmix after gel filtration in acidic 
buffer (pH 2.6) destroying strong interactions did not lose 
RNase activity and this activity peak coincided with intact 
IgG peak (Figure 1B and C) anti-IgG-Sepharose bind 
completely ribonuclease activity and the peaks of RNase 
activity and IgGs coincided during their specific elution by 
acidic buffer (pH 2.6) (Figure 1C).

Canonical mammalian ribonucleases have significantly 
lower molecular masses (13–15 kDa) than the IgGs 

(150 kDa). Therefore, the concurrence of two peaks of 
RNase activity and IgGs directly indicate that SLE IgGs 
split RNAs and antibody preparations are not contami-
nated with canonical ribonucleases.

In addition, all canonical RNases are very thermostable 
enzymes, while Abs are significantly less thermostable 
molecules. Figure 2A demonstrates that after RNase 
A and IgGs preincubation for 15 min, even at 100°C, 
ribonuclease practically does not lose its activity, while 
IgGmix activity decreases to zero.

Figure 2 Comparison of thermal stability of human RNase A and sle-IgGmix (A). RNase A and IgGmix were preincubated for 15 min at different temperatures and then their 
relative RNase activities were estimated using miR-137. The patterns of 5ʹ-Flu-(pA)23, 5ʹ-Flu-(pC)23, 5ʹ-Flu-(pU)23 (0.01 mg/mL) hydrolysis by IgGs (0.6 µM IgGs; 1 h of 
incubation) from sera of four different SLE patients (B). The products of the hydrolysis were detected due to their fluorescence of the fluorescent residue (Flu) on their 5ʹ- 
ends. The numbers of antibodies and lengths of the products are indicated on panel (B).
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Estimation of the Relative RNase Activity
Using fluorescently labeled homo-oligonucleotides (ribo- 
ONs) 5ʹ-Flu-(pC)23, 5ʹ-Flu-(pA)23, 5ʹ-Flu-(pU)23, and eight 
microRNAs, ribonuclease activity of IgGs was estimated 
quantitatively. Figure 2B demonstrates four main types of 
splitting patterns of three homo-ribo-ONs used. Different 
IgGs hydrolyze 5ʹ-Flu-(pA)23, 5ʹ-Flu-(pC)23, 5ʹ-Flu-(pU)23 

either almost non-specifically at nearly all their internu-
cleoside bonds or with the predominant formation of tetra 
and pentanucleotides (Figure 2B). Interestingly that in the 
case of 5ʹ-Flu-(pC)23, there is a more efficient formation of 
products containing from one to four nucleotide units, but 
pentanucleotides are major products. Thus, three homo- 
ONs hydrolysis proceeds predominantly non-specifically, 
but tetra and pentanucleotides are the major products for 
all of IgGs and ribo-ONs.

In contrast to homo-ribo-ONs, the eight miRNAs 
hydrolysis was predominantly site-specific. Typical pat-
terns of four neuroregulatory miRNAs hydrolysis (miR- 
219a-5p, miR-137, miR-219-2-3p, and miR-9-5p) are 
shown in Figures 3 and 4.

Typical examples of hydrolysis of miR-219a-5p by 9 of 
11 IgGs are given in Figure 3A. All nine IgGs hydrolyze 
this miRNA mostly at two major sites: 13G-14C and 9C- 
10A; only some of them hydrolyze RNA more effectively 
in 15C-16A and 6G-7U sites. For all 11 MS IgGs, 
a similar type of site-specific hydrolysis of miR-219a-5p 
was observed.

A different situation was observed in the hydrolysis of 
miR-219-2-3p with 11 IgGs (Figure 3B). All IgGs showed 
comparable efficacy in this miRNA hydrolysis demonstrat-
ing a combination of non-specific and site-specific split-
ting of this RNA (Figure 3B). In parallel with a somewhat 
comparable hydrolysis of almost all bonds from the first to 
the seventeenth nucleotide base, there were two major 
cleavage sites: 5U-6U and 2G-3A.

All IgGs hydrolyze miR-9-5p approximately similar 
demonstrating a cluster of five cleavage sites in the region 
from 7th to 11th nucleotide of this miRNA sequence 
(Figure 4A). The most major site of hydrolysis was 8U- 
9U. Interestingly, in this case, there was no effective 
miRNA cleavage at sites higher than the tenth nucleotide, 
and the main short product was trinucleotide (Figure 4A).

A completely different picture was observed in the hydro-
lysis of miR-137 by 11 IgG preparations. All IgGs hydrolyzed 
miR-137 only specifically at five major sites: 3A-4U > 6G-7C 
> 11A-12G > 17C-18G > 21U-22A (Figure 4B). Only in the 

case of this miRNA was observed effective cleavage of RNA 
in the region above 13 nucleotide link.

Several typical examples of four immunoregulatory 
miRNAs hydrolysis are given in Figures 5 and 6. Eleven 
IgG preparations showed a different combination of non- 
specific and site-specific hydrolysis of miR-21-3p 
(Figure 5A). However, in all cases, three major specific sites 
of hydrolysis (6G-7U > 8A-9G ≥ 9G-10U) and four medium 
ones (5A-6C ≈ 13A-14U ≈ 2A-3A) were revealed.

During the hydrolysis of miR-146a-3p (Figure 5B) 
with IgG preparations, in comparison with that for miR- 
21-3p (Figure 5B), a more pronounced nonspecific clea-
vage of internucleoside phosphate bonds was observed. 
However, site-specific (12 C-13A and cluster of 5U-6G, 
6G-7A, and 8A-9A sites) cleavage of four sites took place 

Figure 3 The patterns of Flu-miR-219-2-5p (A) and Flu-miR-219-2-3p (B) splitting 
by IgG preparations (0.6 µM IgGs; 1 h of incubation) from sera of 9–11 different SLE 
patients. The hydrolysis products were detected due to the fluorescent residue 
(Flu) on 5ʹ-ends of the miRNAs. Lanes C correspond to miRNAs incubated without 
Abs, while lanes L to oligonucleotide products length markers. The numbers of 
IgGs, lengths of the products, and the percentage of miRNAs hydrolysis by each IgG 
preparation are indicated on panels (A and B).
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Figure 4 The patterns of Flu-miR-9-5p (A) and Flu- miR-137 (B) hydrolysis by IgG preparations (0.6 µM IgGs; 1 h of incubation) from sera of 7–9 different SLE 
patients. The hydrolysis products were detected due to the fluorescent residue (Flu) on 5ʹ-ends of the RNAs. Lanes C correspond to miRNAs incubated without Abs, 
while lanes L to oligonucleotide length markers. The numbers of IgGs, lengths of the products, and the percentage of miRNAs hydrolysis by each preparation are 
indicated on panels (A and B).
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in parallel with the perceptible non-specific splitting of 
miR-146a-3p. In addition, there was splitting of all bonds 
between 13A and 9A bases with a comparable efficiency. 
The minimal hydrolysis product was mononucleotide.

The cleavage of miR-155-5p by all eleven IgGs 
occurred mainly in four major sites: 5U-6G, 8U-9A, 
11U-12C, and 2U-3A (Figure 6A). However, in this case, 
there were many sites of medium and weak hydrolysis 
along almost the entire length of miRNA.

On the contrary, all IgGs efficiently hydrolyzed miR- 
326 predominately site-specific in major 8G-9C, 5U-6G, 
8G-7G and medium 18C-19A, !2C-15C, and 13U-14C 
cleavage sites (Figure 6B).

Thus, depending on miRNA, there may be 
a combination of nonspecific and site-specific splitting, 
or occurs predominant specific hydrolysis. The ratio of 

nonspecific and site-specific hydrolysis to some extent 
depends on miRNA and the preparation of IgG. Some 
individual preparations from the blood of patients with 
SLE demonstrate almost only site-specific hydrolysis of 
several miRNAs.

Comparison of Relative Activities of 
RNAs Hydrolysis
The RAs in the hydrolysis of miRNAs by 11 MS IgGs 
were significantly different. However, all 11 preparations 
had relatively high ribonuclease activity in the hydrolysis 
of all miRNAs. For control, we used 14 preparations from 
the blood of conditionally healthy donors. Some of them 
demonstrated very weak, but reliably detectable RNase 
activity (see below). The RAs in the hydrolysis of ribo- 
ONs and eight miRNAs by IgGs of SLE patients and 
conditionally healthy volunteers were estimated and nor-
malized to standard conditions. All parameters were eval-
uated not only as average values±S.D., but also the 
medians (M) and interquartile ranges (IQR) were calcu-
lated (Tables 1 and 2). The maximum average RA was 
observed for miR-9-5p, while the minimum value in the 
case of miR-137; the difference is 2.6-fold (Table 1). In 
overall, the average RA values decreased in the following 
order: miR-9-5p, miR-155-5p, miR-326, miR-146a-3p, 
miR-21-3p, miR-219-2-3p, miR-137, and miR-219a-5p 
(Table 1). The average RAs for all eight miRNAs were 
estimated to be 62.9 ± 27.3%, while the median = 67.8 and 
interquartile ranges (IQR) = 46.9%.

Three of the 14 IgGs of conditionally healthy donors 
did not show a reliably tested RNase activity in the hydro-
lysis of any of eight miRNAs (Table 2). The remaining 
eleven IgGs nevertheless showed weak or very weak, but 
reliably detectable activity in the hydrolysis from three to 
eight different miRNAs (Table 2). Interestingly, all indivi-
dual IgG preparations of healthy donors possessing ribo-
nuclease activity hydrolyzed different miRNAs (Table 2).

The average RA for all eight miRNAs for healthy donors 
IgGs was estimated to be 2.3 ± 2.3%, while the median = 0.8 
and interquartile ranges (IQR) = 4.4 (Table 2). Thus, the 
average activity of eight miRNA hydrolysis by IgGs of 
patients with SLE according to average and median values 
is approximately 27.3–84.8-fold higher than that of healthy 
donors.

According to the Kruskal–Wallis test, the difference in 
relative RAs of eight miRNAs hydrolysis is statistically 
significant (P < 0.05) for 13 pairs of the RA sets, but not 

Figure 5 The patterns of Flu-miR-21-3p (A) and Flu-miR-146a-3p (B) hydrolysis by 
IgG preparations (0.6 µM IgGs; 1 h of incubation) from sera of 11 different SLE 
patients. The hydrolysis products were detected due to the fluorescent residue 
(Flu) on 5ʹ-ends of the miRNAs. Lanes C correspond to miRNAs incubated without 
Abs, while lanes L to oligonucleotide length markers. The numbers of IgGs, lengths 
of the products, and the percentage of miRNAs hydrolysis by each preparation are 
indicated on panels (A and B).
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Figure 6 The patterns of Flu-miR-155-5p (A) and Flu- miR-326 (B) hydrolysis by IgG preparations (0.6 µM IgGs; 1 h of incubation) from sera of 11 different SLE patients. 
The hydrolysis products were detected due to the fluorescent residue (Flu) on 5ʹ-ends of the miRNAs. Lanes C correspond to miRNAs incubated without Abs, while 
lanes L to oligonucleotide length markers. The numbers of IgGs, lengths of the products, and the percentage of miRNAs hydrolysis by each preparation are indicated on 
panels (A and B).
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reliable (P > 0.05) for 15 other RA pairs analyzed (Table 1). 
Correlation coefficients (CCs) were also calculated for RA 
sets corresponding to eight miRNAs. All 25 correlation 
coefficients were positive and ranged from +0.14 to +0.84 
(Table 1). For miR-137 weak negative correlations were 
observed with miR-9-5p (−0.12), miR-155-5p (−0.09), and 
miR-326 (−0.24) (Table 1).

In this article, spatial structures of miR-21-3p, miR- 
146a-3p, miR-155-5p, and miR-326 possessing minimal 
free energy were calculated as in.28,29 Based on the data of 
3 independent experiments for 11 IgG preparations, the 
average efficiencies of the hydrolysis (%) in all sites of 
these miRNAs were calculated. The hydrolysis efficiencies 

(%) at the major and moderate cleavage sites are shown in 
Figure 7. An interesting feature of the hydrolysis of all 
four miRNAs is that cleavage sites are located predomi-
nately in the duplex zones of these RNAs and to a lesser 
extent in their hairpin structures. In addition, some split-
ting sites correspond to 5ʹ-terminal fragments of these 
miRNAs, which are not involved in the formation of 
duplexes.

Spatial structures of four miRNAs (miR-219-2-3p, miR- 
219a-5p, and miR-137) and efficiency of their hydrolysis in 
specific sites by SCZ IgGs were found earlier.28,29 Therefore, 
it was interesting to compare the similarity or difference in 
the hydrolysis of these four miRNAs with antibodies from 

Table 1 Relative Hydrolysis of Eight Different miRNAs by Polyclonal IgGs from the Sera of SLE Patients

Numbers of Patient and Corresponding 

IgG Preparations

miRNA-Hydrolyzing Activity of IgG, %*

miR- 

137 

(1)

miR- 

9-5p 

(2)

miR-219- 

2-3p (3)

miR-219a- 

5p (4)

miR- 

21-3p 

(5)

miR-146a- 

3p (6)

miR-155- 

5p (7)

miR- 

326 

(8)

SLE patients

1 72.4* 98.1 37.7 31.1 78.9 71.4 83.4 84.0

2 76.3 81.6 69.3 37.3 65.0 74.0 85.6 39.4

3 62.5 67.0 16.9 23.9 31.3 68.2 58.7 32.9

4 48.0 72.7 20.0 15.0 3.4 19.4 47.9 49.1

5 93.7 96.7 95.4 54.9 92.3 88.5 96.4 98.0

6 34.5 80.9 26.1 9.9 52.8 65.4 75.4 57.4

7 68.2 89.5 67.0 25.6 65.7 56.5 82.2 60.3

8 10.3 93.5 73.2 19.9 69.8 39.5 84.6 91.6

9 36.5 97.9 67.4 23.0 96.3 80.9 87.9 92.8

10 21.8 94.0 38.7 40.3 82.9 66.0 85.9 85.4

11 19.7 99.8 59.7 97.2 38.0 85.1 97.6 97.9

Mean ± SD for individual RNAs 49.4 ± 

27.0

88.3 ± 

11.2

51.9 ± 25.4 34.4 ± 24.3 61.5 ± 

28.2

65.0 ± 20.4 80.5 ± 15.0 71.7 ± 

24.4

Median (IQR) for individual RNAs** 48.0 

(42.2)

93.5 

(16.1)

59.7 (36.5) 25.6 (17.4) 65.7 

(35.5)

68.2 (16.5) 84.6 (8.1) 84.0 

(39.0)

Order of increase in RAs 7 1 6 8 5 4 2 3

Average value for all 8 microRNAs 62.9 ± 27.3

M (IQR) for all 8 microRNAs 67.8 (46.9)

Difference between sets, Р 1–2 (0.001)***, 1–3 (0.84), 1–4 (0.24), 1–5 (0.29), 1–6 (0.2), 1–7 (0.07), 1–8 (0.076), 2–3 (0.001), 2–4 

(0.006), 2–5 (0.007), 2–6 (0.003), 2–7 (0.02), 2–8 (0.1), 3–4 (0.09), 3–5 (0.39), 3–6 (0.21), 3–7 (0.007), 

3–8 (0.1), 4–5 (0.03), 4–6 (0.01), 4–7 (0.001), 4–8 (0.003), 5–6 (0.79), 5–7 (0.07), 5–8 (0.36), 6–7 

(0.04), 6–8 (0.43), and 7–8 (0.74)

Correlation coefficients 1–2 (−0.12), 1–3 (+014), 1–4 (+0.26), 1–5 (+0.14), 1–6 (+0.35), 1–7 (−0.09), 1–8 (−0.24), 2–3 (+0.46), 2–4 

(+0.6), 2–5 (+0.61), 2–6 (+0.61), 2–7 (+0.81), 2–8 (+0.84), 3–4 (+0.37), 3–5 (+0.64), 3–6 (+0.39), 3–7 

(+0.69), 3–8 (+0.62), 4–5 (+0.28), 4–6 (+0.71), 4–7 (+0.74), 4–8 (+0.46), 5–6 (+0.41), 5–7 (+0.6), 5–8 

(+0.65), 6–7 (+0.77), 6–8 (+0.5), and 7–8 (0.82)

Notes: *For each value, a mean of three measurements is reported; the error of the determination of values did not exceed 7–10%. **The median (M) and interquartile 
ranges (IQR). ***bold indicate P < 0.05
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the sera of SCZ and SLE patients. Figure 8 demonstrates 
positions and average RAs (%) of miR-219-2-3p and miR- 
219a-5p hydrolysis by SCZ and SLE IgGs. The main clea-
vage sites of miR-219-2-3p in the case of SCZ and SLE IgGs 
are located in the duplex part and the adjacent hairpin struc-
ture of 5-terminal half of miRNA. In overall, six of cleavage 
sites are the same. However, there are several specific sites of 
miR-219a-5p hydrolysis by SCZ IgGs (6U-7G, 9G-10G, 
11C-12U, 14G-15A) as well as by SLE abzymes (3F-4A, 
14G-15A) (Figure 8A).

SCZ abzymes split miR-219a-5p at nine, while SLE IgGs 
only at seven sites; five of them coincide, and the rest are 
different (Figure 8B). The most characteristic difference is the 
efficient hydrolysis of this miRNA by SLE IgGs at 2G-3A site.

In the case of hydrolysis of miR-9-5p by antibodies of 
SLE and SCZ patients, eight major and average cleavage 
sites are observed, of which coincide only five (Figure 9A). 

Three sites of cleavage of this miRNA by abzymes of 
patients with SCZ (11U-12C, 12C-13U, and 13U-14A) differ 
from those for patients with SLE. One specific major site of 
miR-9-5p cleavage with SLE IgGs is located in the duplex 
part (7G-8U) and two average ones in the 5ʹ-(3U-4U) and 3ʹ- 
terminal (19U-20A) zones of miRNA (Figure 9A).

Only one (6G-7C) cleavage site of miR-137 is common 
for SCZ and SLE IgGs (Figure 9B). In contrast to SLE 
abzymes, SCZ IgGs hydrolyze this miRNA at the follow-
ing sites: 5U-6G, 8U-9U, 9U-10A, 10A-11A, 13A-14A, 
14U-16 A. In the case of Abs of SLE patients, there are 
also specific sites of the hydrolysis: 3A-4U, 11A-12G, 
17C-18G, and 21U-22A.

The Kruskal–Wallis one-way analysis of variance 
(ANOVA) was used to assess the significance of differ-
ences between average values of microRNA hydrolysis 
levels (%) at the major sites of microRNAs by antibodies 

Table 2 Relative Hydrolysis of Eight Different miRNAs by Polyclonal IgGs from the Sera of 14 Conditionally Healthy Donors

Numbers of Patient and Corresponding 

IgG Preparations

miRNA-Hydrolyzing Activity of IgG, %*

miR- 

137 

(1)

miR- 

9-5p 

(2)

miR-219- 

2-3p (3)

miR-219a- 

5p (4)

miR- 

21-3p 

(5)

miR-146a- 

3p (6)

miR-155- 

5p (7)

miR- 

326 

(8)

Healthy donors

1 7.8 6.4 0 0 7.3 8.8 9.4 0

2 0 2.9 5.2 2.7 0 0 3.1 3.4

3 4.4 5.7 0 0 5.1 4.5 3.8 0

4 0 3.6 5.1 4.3 0 5.8 7.2 0

5 2.2 4.8 5.7 3 3.3 4.4 0 4.6

6 0 5.5 2.7 3.8 7.1 4.2 3.1 0

7 0.7 8.2 4.6 3.8 5.4 5.5 9.7 4.3

8 1.3 6.9 0.3 3.3 6.4 4.2 2.8 2.7

9 0 5.2 0 0.8 1.1 0.7 6.5 0

10 0 3.2 0 0 0 0.8 4.7 0

11 0 2.1 0 0 0.9 0.4 4.2 0

12 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0 0

Mean ± SD for individual RNAs 1.2 ± 

2.3

3.9 ± 

2.7

1.7 ± 2.7 1.6 ± 2.4 1.5 ± 

1.8

2.6 ± 3.0 2.8 ± 2.9 3.9 ± 

3.3

Median (IQR) for individual RNAs** 0 

(2.3)

4.2 

(3.6)

0 (4.6) 0.4 (3.3) 1.0 

(3.0)

2.5 (4.5) 3.4 (6.5) 0 

(2.7)

Order of increase in RAs 8 1 5 6 7 4 3 2

Average value for all microRNAs 2.3 ± 2.7

M (IQR) for all microRNAs 0.8 (4.4)

Spearman’s corr. coefficient The correlation coefficient (R) varied from 0.11 to 0.85.

Notes: *For each value, a mean of three measurements is reported; the error of the determination of values did not exceed 7–10%. **The median (M) and interquartile 
ranges (IQR)
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of schizophrenic (n = 21) and SLE (n = 11) patients 
(Figures 8 and 9). It was shown that the hydrolysis levels 
at the main sites of microRNAs hydrolysis were statisti-
cally significantly different (P < 0.05) in schizophrenia 
and SLE pathologies.

Thus, on the whole, there may be significant differ-
ences in the hydrolysis of four miRNAs by abzymes from 

the blood of patients with SLE and SCZ. However, the 
level of these differences depends on the specific miRNA 
analyzed.

Discussion
It was shown recently that IgGs of schizophrenia patients 
effectively hydrolyze four miRNAs: miR-137, miR-9-5p, 

Figure 7 The average efficiency (%) of Flu-miR-21 (A) and Flu- miR-146A-3p (B), Flu- miR-155-5p (C) and miR-326 (D) hydrolysis by eleven SLE IgGs (A–D) in all major and 
medium sites of their cleavage. The average percentage and position of major and moderate sites of miRNAs hydrolysis by IgGs are shown on the panels.
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miR-219-2-3p, and miR-219a-5p.28,29 Abzymes of 
SLE patients hydrolyze MBP, DNA, histones, and 
oligosaccharides.9–14 In addition, all 11 SLE IgGs effec-
tively hydrolyze three ribo-ONs (Figure 2B) and eight 
different miRNAs (Figures 3–6, Table 1). The hydrolysis 
of all three ribo-ONs proceeded non-specifically 
(Figure 2B). Splitting of eight miRNAs in the contrast 
was predominately site-specific (Figures 3–6). 
Nevertheless, several individual IgGs from sera of several 
SLE patients hydrolyzed some miRNAs demonstrating 
a combination of non-specific and site-specific splitting.

Interestingly, the highest and comparable levels of 
miRNA-hydrolyzing activity of SLE IgGs were detected 
for neuroregulatory miR-9-5p, as well as pro- 
inflammatory miR-155-5p and miR-326, for which the 
increase of their expression in the blood of patients 
with SLE was found.42,53–55 MiR-9-5p plays an important 
role in the development of lupus nephritis.56 MiR-326 
activates the production of Abs in B cells in autoimmune 
MRL/lpr mice.57 In addition, miR-99-5p stimulates 
the production of the pro-inflammatory cytokine IL-2 
in CD4 T cells. The decrease in these miRNAs 

Figure 8 The average efficiency of Flu- miR-219-2-3p (A and B) and Flu-miR-219a-5p (C and D) splitting by SCZ IgGs (A and C) and SLE IgGs (B and D) in all major and 
medium sites of their cleavage. The average percentage and position of major and moderate sites of miRNAs hydrolysis by IgGs are shown on the panels. For comparison, 
the data on the hydrolysis of miRNAs IgGs of schizophrenia patients are taken from previously published articles.29,30
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concentrations due to their hydrolysis with blood 
abzymes can lead to a decrease in the efficiency of 
their functioning in patients with SLE.

As indicated above, in early studies38,39 it was shown 
that IgGs of healthy donors, with very few exceptions, do 
not hydrolyze RNA. It should be assumed that at present 
the blood of conditionally healthy donors may still contain 
abzymes that hydrolyze RNA. Eleven of 14 conditionally 
healthy donors IgGs demonstrate low, but detectable 

RNase activity (Table 2). Nevertheless, the average 
RNase activity of 14 IgG preparations was 27.3–84.8-fold 
lower than that for eleven SLE patients.

Interestingly, the average efficiency of hydrolysis of 
four miRNAs (miR-137, miR-9-5p, miR-219-2-3p, miR- 
219a-5p) with 21 SCZ Abs (average value 61.6 ± 32.7, 
M = 62.9, IQR = 60.6)28,29 and 11 patients with SLE was 
only slightly different (average value 56.2 ± 29.8.8, M = 
61.1.8, IQR = 26.0).

Figure 9 The average efficiency of Flu- mir-9-5p (A and B) and Flu-miR-137 (C and D) splitting by eleven SCZ IgGs (A and C) and SLE IgGs (B and D) in all major and 
medium sites of their cleavage. The average percentage and position of major and moderate sites of miRNAs hydrolysis by IgGs are shown on the panels. For comparison, 
the data on the hydrolysis of miRNAs IgGs of schizophrenia patients are taken from previously published articles.29,30
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On the whole, the number of major and moderate sites 
of the hydrolysis was individual for each of miRNA and 
IgG preparation (Figures 3–6). In the case of the hydro-
lysis of eight miRNAs by SLE and SCZ abzymes, specific 
cleavage sites are located mainly in their duplex zones and 
to a lesser extent in their hairpin structures (Figures 7–9). 
Nevertheless, in contrast to SCZ antibodies, SLE abzymes 
are characterized by miRNAs splitting sites located in the 
5ʹ-terminal part of RNAs (Figures 7–9). For some 
miRNAs, there are not very large differences in their 
hydrolysis with SCZ and SLE antibodies; the maximum 
difference was found in the splitting of miR-137. Very 
similar patterns corresponding to the formation of three 
major and four average products were observed for all 
eleven SLE IgGs in the case of miR-137 (Figure 6B). It 
was shown earlier that hydrolysis of miR-137 by SCZ 
IgGs also proceeds very specifically with the formation 
of three major and four average products of the 
hydrolysis.28,29 However, these products of hydrolysis of 
miR-137 by IgGs of SLE and SCZ patients turned out to 
be, with the exception of one, completely different 
(Figure 9B).

The CCs of RA sets corresponding to eight miRNAs 
splitting were very different and varied from positive 
(+0.14 - +0.84) to negative (−0.09 - −0.24) (Table 1). 
The reason for this may be that in the case of each 
individual SLE patient, auto-Abs and abzymes against 
various miRNAs can produce with different efficiencies.

We hypothesize that catalytic antibodies can degrade 
both highly expressed and low-expressed miRNAs, leading 
to dysregulation of microRNAs. Enhanced recognition of 
a specific microRNA can lead to a decrease in its expres-
sion. At the same time, it can be proposed that the formation 
of abzymes that hydrolyze highly expressed miRNAs may 
be a compensatory reaction against these microRNAs. 
Thus, catalytic antibodies can probably play both 
a negative and a compensatory role in SLE. Although 
miRNAs are predominantly localized in the cell, many 
stable miRNAs circulate in the extracellular space.25 The 
release of microRNA from the cell is possible due to 
a passive pathway, due to apoptosis or necrosis, or active 
secretion using vesicles, exosomes, and complexes with 
proteins or lipoproteins.25 Importantly, some single- 
stranded RNAs (ssRNA), including miRNAs, activate 
RNA-sensing Toll-like receptor 7 (TLR7), leading to acti-
vation of inflammation and neurodegeneration.58 However, 
RNA-sensing TLR7 and TLR8 are located in 
endolysosomes.59 TLR7 and TLR8 are activated by the 

RNA degradation products, which generate endosomal 
RNase T2 and RNase 2.59,60 There is ample evidence that 
IgG immune complexes are transported through Fc recep-
tors into lysosomes.61–63 Therefore, it can be assumed that 
catalytic antibodies that hydrolyze RNA and miRNAs, 
along with RNase T2 and RNase 2, are involved in the 
activation of TLR7 and TLR8. Moreover, it is known that 
some antibodies can enter the cell through interaction with 
receptors or antigens.64 In addition, a sequence-specific, 
nucleotide-hydrolyzing, cell-penetrating antibody 3D8 was 
developed, which was used to reduce the mRNA level of the 
target gene Her2.65 Thus, some RNA-hydrolyzing antibo-
dies can enter the cell and lead to dysregulation of miRNAs 
expression.

It was previously shown that with Abs and SLE 
patients efficiently hydrolyze DNA, RNA, MBP, and 
polysaccharides,10–14 while SCZ IgGs cleave DNA, 
MBP, and miRNas.28–32 Here, it was shown for the first 
time SLE IgGs efficient and site-specific hydrolyze eight 
miRNAs somewhat similar to the Abs of schizophrenic 
patients. It cannot be ruled out that autoimmune processes 
in patients with SLE and SCZ are more or less similar. In 
addition, some similar neuropsychiatric disorders were 
revealed for SCZ and 50% of SLE patients.34

Conclusion
In this work, we first showed that the blood of patients 
with SLE contains autoantibodies and abzymes against 
miRNAs efficiently and site-specific hydrolyzing these 
miRNAs. In addition, one cannot exclude that miRNA-, 
MBP-, and DNA-hydrolyzing abzymes in addition to other 
different factors may cooperatively promote important 
autoimmune and neuropathologic mechanisms in SLE 
and SCZ pathogenesis.

Abbreviations
Abs, antibodies; Abzs, abzymes or catalytic antibodies; 
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