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Background: Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disorder with an etiology that remains incompletely
understood. Its development is influenced by both environmental and molecular factors, with growing attention to epigenetic mechanisms.
Among these, PIWI-interacting RNAs (PIRs) have emerged as molecules of interest. PIRs are small, single-stranded noncoding RNAs, and
play a crucial role in maintaining genome stability in germline cells; however, they were also found in somatic cells.

Purpose: The aim of this study was to identify PIRs whose expression may be associated with the severity of RA.

Patients and Methods: A total of 57 individuals were enrolled in the study, including 37 patients with RA and 20 healthy controls
(HCs). Quantitative real-time polymerase chain reaction (JQPCR) and digital polymerase chain reaction (IPCR) were used to evaluate
the plasma concentrations and peripheral blood mononuclear cells (PBMCs) expression levels of selected PIRs.

Results: In PBMCs, PIR27124 showed elevated expression in RA compared to HCs (p=0.04). Additionally, both PIR27731 and PIR35982
showed increased expression in rheumatoid factor (RF)-negative RA patients relative to RF-positive patients (p-values 0.045 for both). In
plasma, PIR35982 showed a decreased concentration in RA compared to HCs (p=0.001). Furthermore, both gPCR and dPCR confirmed that
RF-negative RA patients had decreased plasma levels of PIR35982 compared to HCs (p=0.01 and p=0.02, respectively).

Conclusion: PIR35982 can be considered a potential molecular marker associated with RA and may be useful for identifying RF-
negative patients. Moreover, dPCR represents a promising tool for the discovery and evaluation of novel biomarkers, such as PIRs.
Keywords: digital PCR, epigenetic, molecular marker, piwi-RNA, rheumatoid arthritis

Introduction
Rheumatoid arthritis (RA) is a complex, chronic inflammatory disease of autoimmune origin, the etiology of which remains
incompletely understood. The disease affects approximately 0.5% of the population worldwide.'* Disease development is
a multifactorial process, involving a combination of genetic predispositions, epigenetic mechanisms, environmental factors,
and dysregulation of the immune system.® RA is characterized by destructive synovitis that leads to cartilage degradation and
bone erosion. Cardinal clinical manifestations include joint pain, swelling, stiffness, and tenderness that often resulting in
functional impairment, substantial morbidity, and increased risk of premature mortality.* Early diagnosis and treatment are
essential for effective disease management and for improving the quality of life in patients with RA.> However, determining
disease activity and exacerbations is important to assess the effectiveness of treatment.>

In recent years, increasing attention has been directed toward epigenetic factors involved in the pathogenesis of RA.
Epigenetic mechanisms do not alter the genetic information encoded in DNA but can reversibly modulate gene expression.
Therefore, they may constitute modifiable factors influencing the course of disease.’” The main epigenetic mechanisms regulating
gene expression include DNA methylation, modifications of histone proteins that affect chromatin structure and transcriptional
activity, and the action of interfering non-coding RNAs. It is estimated that only approximately 1% of the transcriptome is
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associated with protein-coding genes.®” The remaining part is noncoding RNAs, which, apart from ribosomal RNAs and transfer
RNAs involved in translation, constitute a group of regulatory molecules that remain incompletely understood.'® These non-
coding RNAs include microRNA (miR), small nuclear RNA, small nucleolar RNA, P-element-induced wimpy testis-interacting
RNA (piwi-RNA, PIRs), as well as longer molecules including circular RNAs and long non-coding RNAs."" PIRs are a class of
small, single-stranded non-coding RNA molecules, typically ranging from 26 to 32 nucleotides in length. PIRs play a crucial role
in maintaining genome stability, primarily through the silencing of transposable elements in germline cells, which is essential to
ensure proper gametogenesis and fertility. Although initially discovered in germline cells, PIRs have also been shown to regulate
gene expression in somatic cells. Their presence has been confirmed extracellularly in exosomes and other biofluids such as
plasma.'? Additionally, PIRs have a 2'-O-methyl modification at their 3’ end, which confers resistance to nuclease activity. As
a result, PIRs can be considered potentially stable biomarker candidates."?

PIRs show limited conservation and considerable variability between species. Their maturation, unlike that of miRs
and small interfering RNAs, is independent of the DICER complex and, in somatic cells, is carried out mainly according
to phasing processing pathways. Approximately 90% of PIRs are encoded in piwi clusters located primarily in intragenic
regions. They have the ability to bind to PIWI proteins, which are a subclass of Argonaute proteins, and form the PIR-
induced silencer complex (piRISC).'*!'> PIRs are involved in the regulation of various biological processes, including
transposon silencing by transcriptional repression or post-transcriptional degradation, regulation of messenger RNA
(mRNA) through mRNA decay or mRNA turnover and translation, epigenetic regulation by DNA methylation and
chromatin remodeling via histone modification, as well as transgenerational inheritance.'"'> PIRs are associated with the
pathogenesis of various diseases, including tumorigenesis and autoimmune diseases such as RA, systemic lupus
erythematosus (SLE), and multiple sclerosis (MS).'*> However, the relationship between PIRs and the development or
activity of RA remains poorly understood.

PIRs were selected from the current literature.'>'*'® Five PIR molecules — PIR27731, PIR35982, PIR27400, PIR27124,
and PIR823 — were selected as potential markers for RA. PIR35982 was reported as a potential indicator of treatment efficacy
in antirheumatic drug therapy.'” Previous studies have shown that PIR27124 is upregulated in RA, and its level may be
associated with disease activity.'® PIR823 showed increased expression in RA compared to osteoarthritis (OA).'® PIR27400
and PIR27731 were selected due to their high expression levels in biological samples.'*!'®

Digital polymerase chain reaction (dPCR) enables the quantification of nucleic acid amplification products without
the need for a standard curve, which is often essential in quantitative polymerase chain reaction (qQPCR). This eliminates
the variability and bias associated with standard curve generation and mismatches in amplification efficiency. Moreover,
the dPCR exhibits greater resistance to the presence of reaction inhibitors compared to qPCR. As a result, it allows
quantification of nucleic acid concentration with greater precision and reproducibility. This makes dPCR particularly
well-suited for evaluating gene expression or quantifying the concentration of target molecules in extracellular materials
such as plasma, serum, urine, or other biofluids, where these transcripts are often present in low copy numbers."’

The primary objective of this study was to investigate the relationship between selected PIRs and disease activity. The
secondary objective was to evaluate the feasibility of using the dPCR method as a technique to assess the expression of
the selected molecules.

Materials and Methods

Patients

A total of 57 individuals were included in the study, 37 RA patients, aged 57.8+7.1 years, 76% women and 20 healthy
controls (HCs), aged 54.8+6.8, 75% women. The diagnosis of RA was established according to the 2010 ACR/EULAR
classification criteria. The exclusion criteria were as follows: a history of other autoimmune diseases (including
autoimmune thyroiditis), other inflammatory conditions, overlap with other connective tissue diseases, severe coexisting
medical conditions (active infection, malignancy, severe heart failure, end-stage renal disease), or any other serious
illness during hospitalization. The HC group consisted of patients hospitalized for non-inflammatory, non-autoimmune
conditions. The study population consisted of consecutive patients admitted to the hospital, without stratification or
selection based on age or sex.
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The Disease Activity Score of 28 joints (DAS28), based on the erythrocyte sedimentation rate (ESR), was used to
assess disease severity. Based on DAS28, RA patients were divided into two groups: a high disease activity group
(DAS28>5.1; n=22, 38.6%) and a low disease activity group, which included both patients with low disease activity and
those in remission (DAS28 <3.2; n=15, 26.3%), as well as HCs (n=20, 35.1%). The clinical variables included in the
characteristics were obtained from medical records. Rheumatoid factor (RF; Rheumatoid Factor IgG ELISA kit,
Demeditec Diagnostics, Kiel, Germany) and anti-citrullinated protein antibodies (ACPA; EIA CCP IgG, TestLine
Clinical Diagnostics, Brno, Czech Republic) were evaluated by measuring serum absorbance values using enzyme-
linked immunosorbent assay and BioTek 800 TS absorbance reader (Agilent, Santa Clara, CA, USA). The study was
conducted in accordance with the Declaration of Helsinki and approved by the Bioethics Committee of the University of
Rzeszow, (protocol number 9/11/2020). All participants provided written informed consent. Detailed characteristics of
RA patients and HCs are presented in Table 1. Two 9 mL tubes of whole blood with ethylenediaminetetraacetic acid
(EDTA) and one 4.9 mL serum tube were collected. One EDTA tube was centrifuged at 3600 rpm for 10 minutes at room
temperature to obtain the plasma; the second was used to isolate peripheral blood mononuclear cells (PBMCs). Plasma
and serum were stored at —80 °C until further analysis.

RNA Extraction

The whole blood samples were diluted with phosphate-buffered saline (PBS) in a 2:1 ratio, and then added to Gradisol
reagent (Aqua-Med, Lodz, Poland). The samples were centrifuged at 2100 rpm for 20 minutes. PBMCs were collected
and washed with PBS. After centrifugation, the cell pellets were dissolved in Extracol RNA (EURx, Gdansk, Poland) and
frozen at —80 °C for further analysis. Total RNA from PBMCs was extracted using the DNA/RNA Extracol Kit (EURX,
Gdansk, Poland), according to the manufacturer’s instructions. The extracted RNA was stored at —80 °C until molecular
analysis. Plasma total RNA was extracted using the NucleoSpin RNA Set for NucleoZOL (Machery-Nagel, Diiren,
Germany). Briefly, 200 puL of plasma was mixed with 500 pL of NucleoZOL reagent, and RNA isolation and purification
were performed according to the manufacturer’s instructions. The extracted RNA was stored at —80 °C.

PIRs Expression Analysis by gPCR

One hundred nanograms of RNA were reverse transcribed using the miRCURY LNA RT Kit (Qiagen, Hilden, Germany),
according to the manufacturer’s recommendations. The resulting complementary DNA (cDNA) was stored at —20 °C
until further analysis. Prior to qPCR, the cDNA samples were diluted eightfold. The qPCR reaction was performed using

Table | Characteristics of the Subjects Included in the Study

Characteristics RA, n=37 HCs, n=20 | p-value
Age, years 57.847.1 54.8+6.8 0.13
Females, n (%) 28 (75.7) 15 (75) 0.79
Duration of the disease, years | |1.5 [6-20] n/a n/a

RF positive, n (%) 27 (73) I (5) <0.0001
ACPA positive, n (%) 29 (78.4) 0 <0.0001
ESR, mm/h 18 [I1-41] 8.5 [6-13.5] | 0.007
DAS28 5.38 [2.88-5.99] | n/a n/a
Swollen joints 3 [0-6] n/a n/a
Tender joints 7 [2-14] n/a n/a

Notes: Data are presented as mean * SD; median [lower — upper quartile] or number (%).
Abbreviations: ACPA, anticitrullinated protein antibodies; DAS28, disease activity score 28; ESR,
erythrocyte sedimentation rate; HCs, healthy controls; n/a, not applicable; RA, patients with
rheumatoid arthritis; RF, rheumatoid factor. Significant differences are bolded.
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Fast SG qPCR Master Mix (EURx, Gdansk, Poland) on a QuantStudio5 real-time instrument (Thermo Fisher Scientific,
CA, USA). Thermocycling conditions for cDNA obtained from PBMCs followed the manufacturer’s recommendations,
with 40 amplification cycles for PIR27331, PIR35982, PIR27400, and 45 cycles for PIR823 and PIR27124. The
annealing/elongation step was carried out at 60°C for 30 seconds. For plasma-derived cDNA, thermocycling was also
performed according to the manufacturer’s instructions, with 45 amplification cycles for both PIR27331 and PIR35982,
and the same annealing/elongation conditions (60 °C, 30 seconds). Each qPCR reaction was followed by melting curve
analysis. All samples were evaluated in three technical replicates. Primers were designed with miRprimer2 software.?’
Detailed characteristics of the primers are provided in Supplementary Table 1. A calibrator, prepared from 10 randomly

selected samples, was used to normalize inter-plate variability. Two reference genes were used for normalization of
PBMC-derived cDNA: glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and U6 small nuclear 1 (RNU6-1). Due to
the lack of a validated reference gene for PIRs in plasma, miR-425-5p (miR-425), considered a stable molecule in
plasma, was used for normalization. The relative quantification method was used to calculate the expression/concentra-
tion levels. Data were analyzed using QuantStudioSTM Design & Analysis Software v1.5.2 (Thermo Fisher Scientific,
CA, USA), and results are presented as normalized ratio.

Absolute Quantification of PIRs from Plasma by dPCR

Based on the plasma qPCR results, PIR35982 was selected for further analysis. The analysis included 37 samples from the RA
group and 14 samples from HC group. Due to limitations in RNA yield, a smaller number of HC samples were analyzed. Only
samples with the highest concentration of the tested molecule, as determined by qPCR, were selected. Reverse transcription
was performed as described above. DPCR (QIAcuity One, Qiagen) was used to perform PIRs absolute quantification.
Reactions were carried out on 26K 24-well nanoplates (Cat. No. 250001, Qiagen, Hilden, Germany) using the QIAcuity
EG PCR Kit (Qiagen, Hilden, Germany), following the manufacturer’s instructions. The same primer sequences were used in
dPCR as in qPCR. Thermocycling conditions followed the manufacturer’s protocol, with 45 amplification cycles and with an
annealing / elongation step at 60°C for 30 seconds. A previously prepared calibrator sample was used to normalize interplate
variability. MiR-425 was used as the reference gene. Absolute quantification was applied to calculate expression levels. Data
were analyzed using the QIAcuity software suite (Qiagen, Hilden, Germany). The results are presented as: relative gene
expression, direct target concentration (given as mean concentration, copies/uL), absolute copy number relative to miR-425
(given as absolute copy number) absolute copy number relative to miR-425 normalized to absolute copy number in the
calibrator sample (given as absolute copy number / CAL).

Statistical Analysis

Qualitative variables are given as numbers with percentage and were evaluated using contingency tables with a 2 test,
including Yates correction. Depending on the distribution, assessed using the Shapiro—Wilk W-test, quantitative values
were presented as mean standard + deviation (SD) or median with [interquartile range, IQR]. Associations between two
independent groups were evaluated using the Student’s #-test or the Mann—Whitney U-test. For comparisons involving
more than two groups, the Kruskal-Wallis ANOVA followed by post hoc multiple comparison analysis was applied.
Correlations between two continuous variables were analyzed using Spearman correlation coefficient or Pearson's linear
correlation. A p-value <0.05 was considered statistically significant. All analyses were performed using STATISTICA
Version 13 (Dell Inc. 2016).

Results
PIRs Expression in PBMCs

Of the five selected PIRs, only PIR823 demonstrated low amplification, rendering it unsuitable for accurate quantification
by qPCR. Consequently, the results obtained for this target were not subjected to statistical analysis. PIR27124 showed
elevated expression in RA patients compared to the HC group (median [interquartile range]); 1.79 [1.13-3.27] vs 0.94
[0.44-2.39], respectively, p = 0.04. There were no differences between the patients stratified by disease activity according
to DAS28-ESR (high disease activity and low disease activity) and HCs. In RA patients, both PIR27731 and PIR35982
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were negatively correlated with ESR (r,=—0.47 and r,=—0.33, respectively). Detailed correlations with clinical variables
are presented in Supplementary Table 2. Furthermore, both PIR27731 and PIR35982 showed increased expression in RF-
negative patients compared to RF-positive patients: PIR27731 3.31 [1.22-16.56] vs 1.25 [0.64—1.84], and PIR35982 3.37
[2.3-6.34] vs 1.66 [0.99-3.37], both p-values are 0.045, respectively. These differences are presented in Figure 1 and in
Supplementary Table 3.

However, when comparing three groups - RA patients with positive RF, RA patients with negative RF and, HCs -
only PIR27124 showed elevated expression in RF-negative patients compared to HCs: 2.59 [1.79-3.27] vs 0.94 [0.44-
—2.39], p=0.045, respectively. Details are presented in Figure 2 and in Supplementary Table 4.

PIRs Expression in Plasma

Based on the results obtained in the PBMCs, two PIRs (PIR27731 and PIR35982) with the highest expression levels were
selected for quantification in plasma. The expression level was determined as delta Ct values between the target transcript
and the reference gene.

Only PIR35982 showed a decreased concentration in RA compared to HCs (0.4 [0.27-0.61] vs 0.74 [0.54-0.97],
p=0.001). PIR27731 showed a positive correlation with the number of swollen joints (SJN; rg= 0.34), Patient’s Global
Assessment of Disease Activity measured on a Visual Analogue Scale (VAS PGA; rs= 0.35) and Physician’s Global
Assessment of Disease Activity measured on a Visual Analogue Scale (VAS PhGA; r,= 0.36). The concentration level of
PIR35982 did not show a significant correlation with the clinical variables ESR, VAS PGA, VAS PhGA, SJN, tender
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Figure | Differences in the expression level in peripheral blood mononuclear cells of the studied piwi-RNAs between RA patients divided according to the presence of
rheumatoid factor. Boxes represent the interquartile range, and the median is indicated by a line. *P-value <0.05.
Abbreviations: RA, patients with rheumatoid arthritis; PIR, piwi-RNA; RF, rheumatoid factor.
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Figure 2 Differences in the expression level in peripheral blood mononuclear cells of the studied PIRs between RA patients divided according to the presence of
rheumatoid factor and healthy control group. Boxes represent the interquartile range, and the median is indicated by a line. * P-value <0.05.
Abbreviations: HC, healthy control group; RA, patients with rheumatoid arthritis; PIR, piwi-RNA; RF, rheumatoid factor.

joint number (TJN), DAS28, Simplified Disease Activity Index (SDAI) and Clinical Disease Activity Index (CDAI).
Detailed correlations with clinical variables are presented in Supplementary Table 2. PIR27731 was decreased in patients
with low disease activity compared to HCs (0.46 [0.33—0.63] vs 0.73 [0.54—1.21], p=0.047). PIR35982 showed decreased
concentration in patients with high disease activity compared to HCs (0.36 [0.24—0.64] vs 0.74 [0.54-0.97], p = 0.006),
as well as in those with low disease activity compared to HCs (0.42 [0.33—0.58] vs 0.74 [0.54—0.97], p=0.04). Details are
presented in Figure 3. Patients with RA, when stratified by RF status did not show significant differences in the
concentration of both molecules. RF-positive RA patients showed decreased PIR35982 concentration in relation to
HCs (0.41 [0.28-0.64] vs 0.74 [0.54-0.97], p=0.01, accordingly). A similar association was observed in RF-negative RA
patients compared to HCs (0.33 [0.24-0.52] vs 0.74 [0.54-0.97], p=0.01, accordingly).

Validation of PIR35982 Expression in Plasma by dPCR

Thirty-seven plasma samples from RA patients and 14 samples from HC group were validated using dPCR. The smaller
number of samples in the HC group was due to the limited amount of material collected from the patients, as well as the
primary aim of the study which was not to compare RA patients with HCs, but to validate a selected molecular marker in
relation to disease severity. PIR35982 was selected for validation due to its higher mean expression in plasma samples
and more pronounced differences in expression between RA patients and HCs. The analysis confirmed that PIR35982
was reduced in RA patients compared to HCs, as previously observed in qPCR; details are presented in Table 2.
A significant correlation was observed between the results from plasma samples using qPCR and those obtained using
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Figure 3 Plasma piwi-RNA expression in patients with rheumatoid arthritis divided by disease severity based on DAS28-ESR and healthy controls. ** P-value < 0.01; *
P value <0.05.
Abbreviations: HC, healthy controls group; PIR, piwi-RNA.

dPCR. (Tables 3 and 4). Similarly to the results obtained by qPCR, there was no significant correlation between the
dPCR results and clinical variables (ESR, VAS PGA, VAS PhGA, SIN, TIN, DAS28, SDAI, and CDAI). Details are
presented in Supplementary Table 5.

When individuals were stratified into 3 groups — high disease activity, low disease activity, and HCs — and the
concentrations of PIRs were assessed using dPCR, only the absolute copy number parameter demonstrated statistically

significant differences between the groups. Patients with RA with low disease activity showed a reduced absolute copy
number of PIR35982 in plasma compared to HCs, 0.39 [0.31-0.55] vs 0.68 [0.43-0.83], p=0.028. Details are presented in
Figure 4. The results related to other dPCR parameters are presented in Supplementary Table 6. There were no significant

Table 2 Differences in Plasma PIR35982 Concentrations Between Patients with RA and Healthy Controls Obtained
by Digital PCR

dPCR Parameter* RA Patients, n=37 HCs, n=14 p-value

Expression of the PIR35982 dPCR gene expression [fold change] | —2.04 [(—2.7) — (—1.46)] | —1.33 [(—1.64) —1.4] | 0.026

PIR35982 dPCR mean concentration, [copies/pL] 1.67 [0.55-5.02] 4.47 [2.29-6.51] 0.042
Absolute copy number 0.39 [0.26-0.56] 0.68 [0.43-0.83] 0.006
PIR35982 absolute copy number / CAL 0.49 [0.33-0.67] 0.76 [0.61-1.43] 0.016

Notes: Data are given by median [interquartile range].
Abbreviations: CAL, calibrator sample; dPCR, digital polymerase chain reaction, for others, please refer to Table I. Significant p-values are in bold.
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Table 3 Sperman Rank Correlation Between the Results Obtained by Quantitative PCR and Digital PCR in Patients
with Rheumatoid Arthritis

PIR35982 Expression or dPCR Gene dPCR Mean Absolute Absolute Copy

Concentration Expression - Plasma | Concentration in Copy Number | Number / CAL in
[fold change] Plasma, [Copies/pL] in Plasma Plasma

qPCR - PBMCs expression —0.043862 —0.112613 0.013751 0.022523

gPCR - plasma concentration | 0.621573 0.282129 0.613939 0.629513

Notes: Significant correlations were bolded.
Abbreviations: PBMCs, peripheral blood mononuclear cells; for others, refer to Table | and Table 2.

Table 4 Sperman Rank Correlation Between the Results Obtained by Quantitative PCR and Digital PCR in Samples
From All Individuals Enrolled in the dPCR Analysis (Patients with Rheumatoid Arthritis and Healthy Controls)

Expression or dPCR Gene dPCR Mean Absolute Copy | Absolute Copy
Concentration of Expression in Plasma | Concentration in Number in Number / CAL in
PIR35982 [Fold Change] Plasma, [Copies/uL] Plasma Plasma

qPCR - PBMCs expression 0.034254 —0.156018 0.039186 0.082443

qPCR - plasma concentration | 0.693800 0.294523 0.747905 0.709871

Notes: Data are presented as median [interquartile range]. Significant correlations are bolded.
Abbreviations: qPCR; quantitative polymerase chain reaction; others refer to previous tables.

differences in the level of the molecule tested between RA patients with RF-positive and RF-negative status (evaluated
only among RA patient samples).

Additionally, the association between three groups was evaluated: RA with RF-positive, RA with RF-negative, and
HCs. The mean plasma concentration of PIR35982 was reduced in RA patients with negative RF compared to HCs
(p=0.01). Detailed results are presented in Table 5 and Figure 5. One measurement was excluded from the calculation due
to an extreme outlier value (please refer to Figure 5).

Discussion

In this study, we demonstrated for the first time that circulating plasma PIR35982 may serve as a potential biomarker for
the diagnosis of RA and could be particularly useful in identifying RF-negative patients. Additionally, the results
obtained using qPCR were validated by dPCR, highlighting its significant potential as a diagnostic technology.

In this study, we evaluated the expression of PIRs in both PBMCs and plasma, however, further validation of results
was conducted only in plasma samples. Whole blood and plasma collection is a noninvasive procedure, and the material
is easily accessible. This allows for repeatable measurements, which is important when assessing changes in the
concentration of the tested marker in the same patient in the case of repeated measurements.”’ Plasma is more
homogeneous in terms of molecular expression profile compared to whole blood, which contains several subpopulations
of nucleated cells, or tissue, which may also be heterogeneous. Moreover, variations in nucleic acid concentrations within
biofluids may indicate widespread physiological changes in the body. This may be useful for diseases that affect multiple
organs or have systemic manifestations. On the other hand, the evaluation of gene expression in body tissues renders the
expression tests locally specific and limited to the analyzed tissue. Furthermore, PIR has a 2’-O-methylation modification
at the 3’ end of the molecule, which enhances its resistance to degradation by nucleases.'

The study conducted by Freedman et al'? showed that PIRs are frequently present in human plasma. Based on the
RNA-seq results, 97 PIR molecules were selected and validated using high-throughput reverse transcription qPCR
involving 2763 samples. In more than 70% of the tested samples, 9 PIR molecules were detected, and half of the
participants showed the presence of at least 20 PIR molecules. This may indicate that PIR molecules exhibit considerable
individual variability in expression and occurrence. Another study by Huang et al** showed that PIRs are also present in
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Figure 4 Plasma piwi-RNA PIR35982 concentration of digital PCR in patients with rheumatoid arthritis divided by severity of the disease according to DAS28-ESR and
healthy controls. * P value <0.05.
Abbreviation: HC, healthy controls group.

human plasma-derived exosomes; however, these molecules constitute approximately 1.3% of non-coding RNA.
Therefore, determining PIR levels can be a challenge, which may be addressed using the dPCR technique.

The main advantage of the dPCR technique is its ability to detect the absolute copy number, allowing it to
successfully replace the relative qPCR method, which requires the use of a housekeeping gene or a set of genes.
Selecting an appropriate reference gene is often tissue-specific and poses a challenge in heterogeneous tissues in terms of
cell type. In the absence of suitable endogenous reference genes another method of expression normalization can be used.
Spike-in control genes, commonly added during the nucleic acid extraction stage, can be implemented as a reference

Table 5 Differences in Plasma Concentrations of Piwi-RNA 35982 Obtained by Digital PCR Between Patients with Rheumatoid
Arthritis Divided by Rheumatoid Factor Positivity and Healthy Controls

dPCR Parameter RA RF Negative, n = 9 RA RF-Positive, n=27 HCs, n=14 p-value Differences between Individual Groups
dPCR gene expression [fold change] —2.13 [(-2.32) — (-1.78)] —2.0491 [(-2.99) — (—1.26)] —1.33 [-1.64-1.4] 0.06 n/a

dPCR mean concentration, [copies/pL] 0.91 [0.33-1.32] 2.21 [0.56-5.96] 4.47 [2.29-6.51] 0.013 RA RF-negative vs HCa; p=0.01

Absolute copy number 0.4 [0.26-0.44] 0.38 [0.24-0.6] 0.68 [0.43-0.83] 0.014 RF RF positive vs HCs, p=0.02

Absolute copy number / CAL 0.49 [0.43-0.58] 0.47[0.33-0.7] 0.76 [0.61-1.43] 0.038 RF positive for RF vs HCs, p=0.049

Notes: Data are given by median [interquartile range]. Significant p-values are in bold.
Abbreviations: dPCR, digital polymerase chain reaction; HCs, healthy controls; RA, patients with rheumatoid arthritis; RF, rheumatoid factor.
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Figure 5 Differences in piwi-RNA PIR35982 plasma concentrations obtained by quantitative PCR and digital PCR. Markings on the charts: box - median - line, interquartile
range - box, whisker - percentile range 1%-99%, triangles - raw data, blue asterisk - extreme data, black asterisk — significant differences. * P-value <0.05.
Abbreviations: HC, healthy control group; RA, patients with rheumatoid arthritis; PIR, piwi-RNA; RF, rheumatoid factor.

point. A good example of the lack of consensus in the selection of an appropriate reference gene is quantification of miRs
by gPCR. For instance, previous studies have shown that miR-16 is frequently used as a reference gene in plasma.”> On
the other hand, the study by Filkova et al** showed that miR-16 was decreased in patients with early rheumatoid arthritis
compared to HCs and increased in established rheumatoid arthritis compared to controls. The study conducted by
McDonald et al** focused on the effect of preanalytical and analytical variables on circulating miRs quantification. They
showed that spike-in controls used for normalization (cel-miR-39, mean of cel-miR-39 and cel-miR-54, and mean of cel-
miR-39, cel-miR-54 and cel-miR-238) reduced the interassay variability of miRs expression more effectively than
endogenous miR-16. Spike-in controls also have limitations, such as the lack of full representation of the physiological
conditions in which a given organism or tissue exists. Another problem is the correct addition of spike-ins to tissues with
high cellular complexity, as well as ensuring a consistent amount across all samples.”*” Finally, the use of different
endogenous reference genes makes it difficult to compare the results of the studies with each other. Implementation of the
dPCR method with direct counting of the number of copies of the tested molecule, addresses this problem. We obtained
a satisfactory correlation of the results from both qPCR and dPCR methods, although further research is necessary to
optimize and confirm these findings.

There is limited information in the literature on PIR35982 in relation to autoimmune diseases. The study by Foers et a
indicated that PIR35982 may be a potential biomarker of treatment efficacy for triple disease-modifying antirheumatic drug
(DMARD) therapy. They showed that its serum concentration was lower in responders with early RA compared to non-
responders. Furthermore, a slightly decreased concentration of PIR35982 was reported in patients with positive RF compared to
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RF-negative patients. In contrast to these findings, in this study, the concentration of PIR35982 in plasma was decreased in RF-
negative patients compared to RF-positive RA and HCs. Furthermore, Foers et al reported a negative correlation between
PIR35982 and laboratory parameters such as C-reactive protein (CRP) and ESR. Our study did not confirm these observations.
This variability between studies may be attributed to several factors. The first is the overall duration of the disease development.
In our study it was longer (median over 11 years), thus well-established RA was compared to early RA (duration of disease <12
months). The second reason may be an overall disease activity, as reflected by the DAS28-ESR score. In our study, the difference
was approximately 5.2 (median) versus 5.7/5.6 in responders/non-responders, respectively, in the study conducted by Fores et al.
At first glance, this difference may not appear substantial; however, our study group was heterogeneous and consisted of patients
with high and low disease activity, including patients in remission. The final inconsistency concerns the type of treatment. In this
study, patients were treated with various types of drugs, in contrast to triple DMARD therapy. Despite these differences, it seems
important that the tested molecule may play a role as a potential biomarker in RA.

From a clinical point of view, it is important to better identify seronegative RA patients, especially those who are double
negative for ACPA and RF. In this study, we found that PIR35982 may be a potential diagnostic marker of RA as well as
a potential molecule that can support the identification of RF-negative RA patients. We found that patients with RA have
a decreased plasma concentration of PIR35982, particularly those who are RF-negative. Furthermore, these observations were
confirmed in PBMCs, where the expression level in patients was also different (elevated) compared to HCs. It is not unusual to
observe a negative correlation in expression between these two biological materials. Both miRs involved in the pathogenesis of
RA, miR-155 and miR-132, are downregulated in plasma but overexpressed in PBMCs.*® Classical serological markers, such as
RF or ACPA, have limitations in identifying RA patients.”*** This highlights the need for additional supportive diagnostic
markers. Previous studies have demonstrated that PIRs may serve as potential biomarkers associated with the development of
RA. A study by Plestilova et al'® demonstrated the potential role of PIRs and PIWI-like proteins in the pathogenesis of RA. Using
next-generation sequencing, they investigated the expression profile of short noncoding RNAs, including PIRs, and compared
their expression in synovial fibroblasts between RA and OA patients. They found no significant differences in the expression of
these molecules between these groups; however, they showed that some PIRs, such as PIR823, PIR4153, and PIR16659, exhibit
differential regulation in RA compared to OA. An important observation regarding PIRs is that about 300 molecules have been
identified in synovial fibroblasts from RA and synovial fibroblasts from OA at similar expression levels, suggesting that they are
quite common and may represent a valuable source of information about the clinical condition of patients. On the other hand,
a significant limitation of using PIRs as diagnostic markers may be their uneven expression and low abundance in the studied
material. Plestilova et al showed that the top four PIRs (PIR16735, PIR18570, PIR17724 and PIR20388) cover approximately
25% of all reads related to this class of molecules. This suggests that although PIR molecules are quite common in biological
material, most of them have a relatively low level of expression and the use of modern molecular techniques such as dPCR may
facilitate their evaluation and potentially diagnostic use. In this study we evaluated the expression level of PIR823; however, it
was expressed at a very low level, and the standard qPCR technique was unable to accurately estimate its expression. The use of
the more precise dPCR method could potentially resolve this issue, although further confirmation is required.

The study by Ren et al'® showed the diagnostic potential of PIRs as supportive markers derived from peripheral blood
leukocytes. They showed that PIR expression in combination with classic serological markers (ACPA, RF) or inflam-
matory parameters (CRP), increases diagnostic precision. Specifically, they found that PIR27620 and PIR27124 were
upregulated in RA compared to HCs, which we also confirmed in our study using PBMCs. These molecules were
characterized by sensitivities of 79% and 81.5%, respectively, and specificities of 69% and 59.5%, respectively. These
values were lower than those for ACPA (sensitivity/specificity about 0.93/1, accordingly) and RF (approximately 0.91/1)
and CRP (approximately 0.94/0.74). However, the use of a combination of these two PIRs with one of the aforemen-
tioned standard laboratory parameters increased either the sensitivity or specificity in each case. Interestingly, in our
study and that of Ren et al, PIR27124 levels were approximately twofold higher, despite differences in disease duration
between the patient groups. In our study, the median disease duration was over 11 years, whereas in the study by Ren
et al, it was over 7 months. Patients in both studies were characterized by similar disease activity. Furthermore, Ren et al
noted that despite the lack of correlation with disease activity expressed in DAS28-CRP, PIR27124 showed decreased
expression in patients with high disease activity and disease duration exceeding one year. In both our study and that of
Ren et al, high disease activity was defined in the same way (DAS28>5.1); however, we did not observe an association
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between PIR27124 expression and disease activity. To better understand the potential use of PIRs as markers of disease
exacerbation these findings require further confirmation.

This study is preliminary and indicates the potential for using poorly understood PIR molecules, and should encourage
further research in this area. It is difficult to find information about these molecules in the literature. Literally in single
publications, their role in the pathogenesis of other autoimmune diseases, such as SLE or MS, has been indicated."* Additional
difficulty is the lack of available bioinformatic tools or databases that will allow us to determine the mutual interactions of
these molecules and genes responsible for the pathogenesis of human diseases, especially in autoimmune diseases. Our study
has several limitations. First, the small number of patients included. The results obtained in this study should be validated in
a larger cohort, as well as in other autoimmune diseases such as SLE, MS, or Sjogren’s syndrome, and in patients with pre-RA.
Molecules included in this study were selected based on existing literature. It seems reasonable to conduct a broader screening
of PIRs using high-throughput techniques such as RNA-seq.

Conclusion
In conclusion, PIR35982 may serve as a potential marker of disease activity or support the diagnosis of RA, particularly

in the identification of RF-negative patients, especially when combined with absolute molecule quantification using the
dPCR technique.
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