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Background: Anti-mitochondrial antibodies (AMA) are found in >90% of primary biliary 

cholangitis patients. Anti-rods/rings antibodies (anti-RR) are most commonly associated with 

interferon-α and ribavirin treatment in hepatitis C patients. Clinical laboratories routinely screen 

for AMA and anti-RR using indirect immunofluorescence on HEp-2 cells (HEp-2-IFA). 

Therefore, we sought to establish reference materials for use in AMA and anti-RR testing.

Methods: AMA-positive and anti-RR-positive human plasma samples (AMA-REF and RR-

REF), identified as potential reference materials based on preliminary data, were further validated 

by multiple laboratories using HEp-2-IFA, immunoprecipitation (IP), western blotting, IP-western, 

line immunoassay (LIA), addressable laser bead immunoassay (ALBIA), and ELISA.

Results: AMA-REF showed a strong positive cytoplasmic reticular/AMA staining pattern by 

HEp-2-IFA to ≥1:1280 dilution, and positive signal on rodent kidney/stomach/liver tissue. AMA-

REF reacted with E2/E3, E3BP, E1α, and E1β subunits of the pyruvate dehydrogenase complex 

by IP and western blotting, and was positive for AMA antigens by LIA, ALBIA, and ELISA. RR-

REF showed a strong positive rods and rings staining pattern by HEp-2-IFA to ≥1:1280 dilution. 

RR-REF reacted with inosine monophosphate dehydrogenase by IP, IP-western, and ALBIA. RR-

REF also produced a nuclear homogenous staining pattern by HEp-2-IFA, immunoprecipitated 

proteins associated with anti-U1RNP antibody, and reacted weakly with histones, nucleosomes, 

Sm, and nRNP/Sm by LIA.

Conclusions: AMA-REF and RR-REF are useful reference materials for academic or 

commercial clinical laboratories to calibrate and establish internal reference standards for 

immunodiagnostic assays. AMA-REF and RR-REF are now available for free distribution to 

qualified laboratories through Plasma Services Group.
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Introduction

Autoantibodies targeting self-antigens are hallmarks of many systemic and organ-specific 

autoimmune diseases. In a clinical laboratory setting, autoantibodies against nuclear and 

some cytoplasmic antigens are routinely screened by the indirect immunofluorescence assay 

(IFA) on HEp-2 cells (HEp-2-IFA). Several multiplex assays, using methodological 

platforms such as the enzyme-linked immunosorbent assay (ELISA), chemiluminescence 

immunoassay (CLIA), line immunoassay (LIA), addressable laser bead immunoassay 

(ALBIA), and new chip-based assays are becoming more common in diagnostic 

laboratories. However, HEp-2-IFA remains the “gold standard” method for detection of 

antinuclear antibodies (ANA) (1). ANA, which bind components of the nucleus, have been 

the focus of study for decades, but many autoantibodies that target cytoplasmic antigens are 

detected by HEp-2-IFA. One example is anti-mitochondrial antibodies (AMA), which target 

proteins of the inner and outer mitochondrial membranes. AMA are classified into 9 distinct 

categories, referred to as M1 through M9 subtypes (2, 3). AMA-M2 target the E2 

components of the 2-oxo-acid dehydrogenase family of enzyme complexes, including the 

pyruvate dehydrogenase complex (PDC-E2), branched-chain 2-oxo-acid dehydrogenase 
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complex (BCOADC-E2), and 2-oxo-glutarate dehydrogenase complex (OGDC-E2), 

typically referred to as the major AMA antigens (4). AMA-M2 also target the minor 

antigens dihydrolipoamide dehydrogenase (E3)-binding protein (E3BP) and the E1α subunit 

of the pyruvate dehydrogenase complex (PDC-E1α). AMA-M2 are highly specific for 

primary biliary cholangitis (PBC), formerly known as primary biliary cirrhosis (5, 6), a 

relatively uncommon chronic autoimmune disease resulting in progressive destruction of the 

intrahepatic biliary tree that can eventually lead to liver cirrhosis. Approximately 95% of 

PBC patients are AMA-positive, with PDC-E2 being the main antigen, and circulating 

AMA-M2 is one of three key diagnostic criteria for this disease (6–8). As the presence of 

AMA often precedes the clinical manifestation of PBC, accurate and complete reporting of 

AMA in AMA-specific assays and HEp-2-IFA is critical to enabling early diagnosis and 

treatment of PBC (9–11).

Another example of an autoantibody to cytoplasmic components is anti-rods/rings antibody 

(anti-RR). Unlike AMA, the study of anti-RR has uncovered only one major autoantigen, 

inosine 5′-monophosphate dehydrogenase 2 (IMPDH2) (12–14). IMPDH1 might also be 

recognized by anti-RR, considering the 84% sequence similarity between the two isoforms. 

Some human sera positive for anti-RR by HEp-2-IFA do not immunoprecipitate IMPDH, 

suggesting there are other antigens yet to be identified (15). Despite reports that cytidine 

triphosphate synthase (CTPS) co-localizes with IMPDH in rods/rings structures under 

certain conditions (12, 16, 17), no human anti-RR serum has been found to react with CTPS 

(13, 15). Several reports showed that anti-RR is strongly associated with hepatitis C virus 

(HCV) after treatment with interferon-α and ribavirin (IFN/RBV) therapy (13, 18–22). 

However, anti-RR has been observed occasionally in individuals without HCV infection 

(23), and in rare cases of systemic lupus erythematosus (24) and hepatitis B (19). Low-titer 

anti-RR has also been reported in the general population of the United States (24). Although 

the use of IFN/RBV therapy will likely decrease with the recent development of novel 

direct-acting antivirals (DAA), many DAA-based treatment regimens still include RBV (25, 

26). IFN/RBV therapy might also continue in parts of the world where the considerable cost 

of new DAA prevent their rapid adoption (27). Considering how much is still unknown 

about anti-RR antibody, it will be useful to continue to accurately monitor and report its 

presence during routine ANA testing in clinical laboratories.

In this report, we describe the development of reference materials for the detection of AMA 

and anti-RR autoantibodies, which we refer to here as the AMA reference material (AMA-

REF) and anti-rods/rings reference material (RR-REF). AMA-REF and RR-REF can be 

used to calibrate and establish internal reference standards for daily use by academic or 

commercial clinical laboratories performing HEp-2-IFA, immunoprecipitation (IP), or other 

immunodiagnostic assays, including western blot, ELISA, CLIA, LIA, and ALBIA.

Materials and Methods

Patient information and reference sample preparation

AMA-REF and RR-REF sera were collected by Plasma Services Group (PSG, Huntingdon 

Valley, PA, USA) from single donors. The AMA-REF donor was a 65-year-old Caucasian 

woman diagnosed with PBC. The RR-REF donor was a 47-year-old African-American 
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woman diagnosed with systemic lupus erythematosus, but is anti-dsDNA-negative, HCV-

negative, and has never received ribavirin or interferon. Both samples were prepared by PSG 

as defibrinated human plasma, undiluted without preservative.

Ethical approval

Research using only de-identified human samples in this study complies with all relevant 

national regulations and institutional policies. Informed consent was obtained by PSG in the 

collection of reference materials and is approved by appropriate institutional review boards.

HEp-2 indirect immunofluorescence assay (HEp-2-IFA)

HEp-2-IFA was performed on AMA-REF, RR-REF, and positive control sera using HEp-2 

cell substrate from Inova Diagnostics (San Diego, CA, USA), Bio-Rad (Hercules, CA, 

USA), or AESKU.Diagnostics GmbH (Wendelsheim, Germany) as previously described 

(28). AMA-REF and RR-REF were confirmed by expert technicians to produce 

characteristic staining patterns as designated by the International Consensus on ANA 

Patterns (ICAP) (29). AMA-REF and RR-REF were tested by two-fold serial dilution from a 

starting dilution of 1:40 to at least 1:1280, and were positive at 1:1280 even when using 

different secondary antibodies, which included: Alexa Fluor 488-conjugated AffiniPure F(ab

′)2 fragment goat anti-human IgG, Fcγ fragment specific (109-546-098, Jackson 

ImmunoResearch, West Grove, PA, USA) diluted 1:400 in PBS (used in Figures 1 and 2); 

Alexa Fluor 488-conjugated goat anti-human IgG (A11013, Thermo Fisher Scientific, 

Waltham, MA, USA) diluted 1:400 in PBS; and FITC IgG conjugate with DAPI premixed 

solution, undiluted (508102, Inova Diagnostics). Fluorescent images were captured with a 

40X objective manually or with the NOVA View automated microscopy system (Inova 

Diagnostics), which produced the same results for AMA-REF and RR-REF up to 1:1280 

dilution. Images shown in Figures 1 and 2 were captured on an Olympus BX53 fluorescence 

microscope.

Radioimmunoprecipitation assay

Antigens recognized by AMA-REF, RR-REF, and positive control sera were analyzed by IP 

of radiolabeled K562 (human erythroleukemia) cell extract and SDS-PAGE as previously 

described (30–32). Briefly, cells were labeled for 14 hours with 4.2 mCi in 45 ml 35S-L-

methionine and 35S-L-cysteine (NEG072, PerkinElmer, Waltham, MA, USA) and lysed in 

0.5 M NaCl NET/IGEPAL CA-630 buffer (500 mM NaCl, 2 mM EDTA, 50 mM Tris-HCl 

pH 7.5, 0.3% IGEPAL CA-630) containing 0.5 mM PMSF and 0.3 TIU/ml aprotinin. Cell 

extract was cleared by centrifugation and immunoprecipitated on Protein A Sepharose beads 

(17-0780-01, GE Healthcare, Marlborough, MA, USA) coated with antibodies from 8 μL of 

human serum. Beads were then washed with 0.5 M NaCl NET/IGEPAL CA-630 buffer. 

Immunoprecipitated proteins were subjected to SDS-PAGE followed by autoradiography.

AMA-REF western blotting

25 μg of mitochondrial extract from bovine heart tissue lysate (ab110338, Abcam, 

Cambridge, MA, USA) was subjected to 10% SDS-PAGE and transferred to nitrocellulose 

membrane. After blocking for 1 h in 5% non-fat dry milk, the membrane was incubated with 
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AMA-REF (diluted at 1:3000 or 1:5000) for 1 h at room temperature, followed by washing 

in PBS with 0.05% Tween 20 before incubation with goat F(ab’)2 anti-human IgG 

conjugated to horseradish peroxidase (HRP) (2042–05, SouthernBiotech, Birmingham, AL, 

USA) at 1:10,000 dilution for 1 h at room temperature. Reactivity of AMA-REF was 

detected by SuperSignal West Pico PLUS chemiluminescent substrate (34577, Thermo 

Fisher).

IP-western analysis of RR-REF

MOLT-4 (human acute lymphoblastic leukemia) cells (1 × 109) were lysed with 2 mL Buffer 

A (150 mM NaCl, 10 mM Tris-HCl pH 7.5, 1.5 mM MgCl2, 0.5% NP-40) on ice for 15 min 

and centrifuged for 15 min at 4°C to obtain cell lysate. IP was performed using 5 μL RR-

REF serum, 100 μL cell lysate, and 50 μL Dynabeads Protein A (10001D, Thermo Fisher) 

per manufacturer’s instructions. Immunoprecipitated proteins were subjected to 10% SDS-

PAGE followed by immunoblotting with affinity-purified rabbit polyclonal anti-IMPDH1 

antibody (22092–1-AP, Proteintech, Chicago, IL, USA) at 1:1000 dilution and HRP-

conjugated goat anti-rabbit IgG (4050–05, SouthernBiotech) at 1:5000 dilution.

Line immunoassay (LIA), addressable laser bead immunoassay (ALBIA), and enzyme-
linked immunosorbent assay (ELISA)

Aliquots of the reference materials were tested for AMA (M2, M2–3E) and other 

autoimmune liver disease-related autoantibodies (sp100, LKM-1, SLA/LP, gp210, Ro52/

TRIM21) by LIA (EUROLINE Autoimmune Liver Diseases Profile, Euroimmun, Lübeck, 

Germany) and ALBIA (Inova Diagnostics) using kits and protocols provided by the 

manufacturers. The cutoffs for ALBIA were set at 3 standard deviations above the mean of 

control samples (100 median fluorescence intensity, MFI). RR-REF was tested for 

antibodies to IMPDH2 by utilizing the full-length human protein (Abnova, Taipei City, 

Taiwan) covalently coupled to addressable laser beads (Luminex Corporation, Austin, TX, 

USA) analyzed on a Luminex 200 fluorometer as previously described (21). ELISA for 

PDC-E2 was performed using an in-house protocol at Fleury Medicine and Health 

Laboratories.

Results

Validation of AMA-REF and RR-REF as appropriate reference materials was performed by 

nine laboratories affiliated with the Autoantibody Standardization Committee of the 

International Union of Immunological Societies (www.AutoAb.org). These nine laboratories 

acquired consistent results and a consensus was reached that these are appropriate reference 

materials for detection of AMA and anti-rods/rings. Data reported here are representative of 

all data collected by these nine laboratories.

AMA-REF validation

AMA-REF was first validated using HEp-2-IFA by seven reference laboratories using 

HEp-2 cell substrate from Inova Diagnostics (San Diego, CA, USA), and all reported that 

AMA-REF had a strong positive cytoplasmic reticular/AMA staining pattern from 1:40 to 

1:1280 dilution (Fig. 1A, representative images). While five laboratories tested the sample 
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only to 1:1280, two groups reported positive AMA staining at 1:2560 and 1:5120. 

Additionally, none of the seven laboratories reported any other staining patterns produced by 

this sample. One other reference laboratory that uses HEp-2 cell substrate from 

AESKU.Diagnostics GmbH (Wendelsheim, Germany) also tested AMA-REF and reported 

similar results. In the case of AMA, HEp-2-IFA is often performed in addition to IFA on rat 

(or mouse) kidney, stomach, and liver tissue, the traditional method used to detect AMA 

(33). In kidney/stomach/liver slides, the typical AMA pattern shows coarse granular staining 

in the cytoplasm of distal renal tubules, gastric parietal cells, and hepatocytes. Aside from 

HEp-2-IFA, two laboratories also performed the kidney/stomach/liver assay and both 

determined that AMA-REF was positive for this characteristic AMA pattern at 1:1280 

dilution (data not shown).

In addition to IFA, one reference laboratory utilized IP to determine antigens recognized by 

AMA-REF. Using 35S-methionine-labeled K562 cell extract, AMA-REF 

immunoprecipitated protein bands corresponding to the four subunits E2/E3, E3BP, E1α, 

and E1β of the pyruvate dehydrogenase complex (PDC) recognized by AMA, which were 

clearly detected in the AMA positive control sera PBC1 and PBC2 (Fig. 1B, left panel) (32, 

34, 35). Ceribelli et al. were recently the first to describe IP band patterns for AMA sera 

(32), identical to the bands we observed for AMA-REF. After initial validation that AMA-

REF produced the correct IFA pattern and recognized typical AMA antigens, PSG prepared 

prototype vials of lyophilized AMA-REF and distributed them to eight reference 

laboratories to demonstrate the lyophilization, packaging, and distribution process for these 

sera. AMA-REF post-lyophilization was re-tested by IFA and all results were consistent 

with our first round of testing (data not shown). Additionally, IP of AMA-REF pre- and 

post-lyophilization produced identical band patterns (Fig. 1B, right panel). Western blotting 

of bovine mitochondrial extract with AMA-REF was also performed, at various dilutions 

ranging from 1:200 to 1:10,000. Characteristic bands associated with major PDC antigens 

were observed from 1:1000 to 1:5000 dilutions, with 1:3000 and 1:5000 showing the best 

signal-to-noise (Fig. 1C).

We then analyzed AMA-REF with additional immunoassays, such as LIA, ALBIA, and 

ELISA. Two laboratories performed LIA to determine reactivity of AMA-REF to highly 

purified antigens associated with autoimmune liver diseases (EUROLINE Autoimmune 

Liver Diseases Profile, Euroimmun, Lübeck, Germany). By LIA, AMA-REF recognized 

AMA-M2 and M2–3E (PDC-E2, BCOADC-E2, and OGDC-E2) antigens, but was negative 

for other autoantibodies associated with autoimmune liver disease, such as antibodies to 

sp100, PML, gp210, LKM-1, LC-1, and SLA/LP (Table 1). AMA-REF was also negative on 

LIA containing common autoantigens, such as Sm, Scl-70, Jo-1, Ro52, and others. When 

tested by ALBIA, AMA-REF had a strong positive reactivity with M2–3E with median 

fluorescence intensity (MFI) of 4569 and weak positive reactivity with sp100 (MFI: 561). 

AMA-REF did not react with gp210, LKM-1, LC-1, SLA/LP, HK, KL, and VCP antigens by 

ALBIA. Finally, AMA-REF was also positive by ELISA for reactivity with PDC-E2, the 

most common AMA antigen, with an absorbance value of 6.5 compared to a cutoff of 0.9.
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RR-REF validation

RR-REF was validated first using HEp-2-IFA by six laboratories using HEp-2 substrate 

from Inova Diagnostics. All laboratories reported that RR-REF showed a strong positive 

rods and rings staining pattern from 1:40 to 1:1280 dilution (Fig. 2A, representative images). 

While five laboratories tested the sample only to 1:1280, one group reported positive rods 

and rings staining at 1:5120. In addition to the rods and rings pattern, RR-REF also 

produced the nuclear homogenous pattern (ICAP AC-1) in HEp-2 cells at 1:40 and 1:80 

dilutions. The coexisting AC-1 pattern may serve as an internal positive control for detection 

of anti-RR, as the antigenic rods/rings structures appear in cells only under certain culture 

conditions (12, 16, 36, 37). It follows that if rods/rings structures are not present in cells 

used as substrate, anti-RR antibodies cannot be detected. To date, in our hands, only HEp-2 

cells from Inova Diagnostics and Euroimmun allow for consistent detection of anti-RR. Two 

laboratories tested RR-REF on HEp-2 cells from Bio-Rad (Hercules, CA, USA) and 

AESKU.Diagnostics GmbH (Wendelsheim, Germany). They also reported positive AC-1 

pattern at low dilutions, but were unable to detect the rods/rings pattern, indicating that these 

substrates are not suitable for anti-RR testing. Thus, this additional AC-1 pattern is an 

important aspect of the utility of RR-REF as a reference serum for detection of anti-RR.

As IMPDH is the only known antigen of anti-RR, one reference laboratory also analyzed the 

reactivity of RR-REF with IMPDH by IP. RR-REF immunoprecipitated a ~56 kD protein 

corresponding to IMPDH (Fig. 2B, left panel), similar to anti-RR positive control serum 

RR1 and known anti-RR positive samples (38). RR-REF also immunoprecipitated proteins 

associated with anti-U1RNP antibody, including the U1–70K, U1-A, and U1-C proteins, as 

well as Sm core proteins B′/B, D1/D2/D3, E, F, and G (30, 39). We then tested RR-REF 

pre- and post-lyophilization by IFA and IP. Both assays demonstrated that lyophilization and 

distribution of RR-REF did not affect its reactivity (IP shown in Fig. 1B, right panel). To 

further confirm reactivity of RR-REF with IMPDH, we performed an IP-western blot 

procedure using unlabeled MOLT-4 cell lysate. Proteins immunoprecipitated by RR-REF 

were subjected to 10% SDS-PAGE followed by immunoblotting with purified anti-IMPDH 

antibody, which showed positive reactivity with a 56 kD protein corresponding to IMPDH 

(Fig. 2C).

RR-REF reactivity was then analyzed by LIA and ALBIA in a similar manner to AMA-REF. 

Although IMPDH is not an antigen included in commercial LIA assays from Euroimmun, 

we wanted to determine additional reactivity of this serum, considering its nuclear 

homogenous pattern by IFA and reactivity with anti-U1RNP proteins by IP. By LIA using 

the ANA Profile 3 from Euroimmun, RR-REF reacted positively with histones and 

nucleosomes and had a weak positive signal with Sm and nRNP/Sm antigens, and was 

negative for all other antigens (Table 2). By ALBIA, RR-REF reacted strongly with 

IMPDH2, but was negative for other antigens included in an extractable nuclear antigen 

(ENA) panel (Jo-1, Sm, nRNP/Sm, Ro52, Ro60, SSB, Pm/Scl, PCNA, CENPB, ribosome) 

and cytodots panel (GW182, GE-1, Ago2, LAMP2, EEA1, elastase).
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Discussion

Detection of serum autoantibodies is a crucial factor in the diagnosis of many autoimmune 

disorders. Clinicians rely on the accurate and timely detection and quantification of 

autoantibodies in patients suspected to have an autoimmune disorder. Thus, there have been 

widespread efforts to either standardize current detection methods or develop novel 

immunoassays to improve consistency in measurements of autoantibody production. Some 

high-throughput clinical laboratories have focused on automation to help reduce inter-

laboratory variability. Several companies now offer automated HEp-2-IFA reading systems 

designed to reduce the subjectivity involved in analyzing certain HEp-2-IFA patterns by 

microscopy. In parallel, groups of experts, such as the Autoantibody Standardization 

Committee of the International Union of Immunological Societies (ASC, www.AutoAb.org), 

European Autoimmunity Standardization Initiative (EASI), and International Consensus on 

ANA Patterns (ICAP, www.ANApatterns.org), focus on developing guidelines, 

recommendations, and standard reference materials to improve interpretation of 

immunodiagnostic assays (29, 40–43). The use of reference sera to properly calibrate assays 

can allow quantitative measurements to be compared among laboratories.

The presence of circulating AMA-M2 is one of three major criteria for diagnosis of PBC 

(detectable in ~95% of PBC patients) (6–8) and often precedes clinical manifestations of the 

disease (9–11), highlighting the importance of accurate detection of AMA. However, 

significant variability in test results and discrepancies in reporting among different 

laboratories can affect proper diagnosis. It is therefore critical that we improve the 

consistency and accuracy in AMA testing across laboratories globally as much as possible. 

Aside from its high specificity for PBC, AMA-M2 can be detected in a low percentage of 

autoimmune hepatitis type 1 (44) and systemic sclerosis patients (32). Although these are 

often cases of overlapping PBC (45), the measurement of AMA is certainly relevant for 

patients suspected of having PBC, and may be critical in the prediction of PBC development 

for patients suffering from other autoimmune manifestations. In addition, the characteristic 

AMA-like AC-21 pattern can be detected by HEp-2-IFA in individuals under diagnosis 

workout for a variety of reasons (46).

Accordingly, one of our major goals as a group working towards standardization of 

autoantibody testing was the establishment of a reference serum for AMA that would be 

widely available to any laboratory seeking to set up internal standards for AMA detection. 

As our data show, AMA-REF consistently met expectations as a strong positive AMA 

reference material by IFA, IP, western blotting, LIA, ALBIA, and ELISA. IP and western 

blotting also demonstrated that AMA-REF contains antibodies that recognize antigens of the 

mitochondrial pyruvate dehydrogenase complex (E2, E3, E3BP, E1α, and E1β) typical of 

known AMA sera (5, 6, 32). Further examination by LIA and ALBIA confirmed reactivity 

with M2–3E antigens, which includes PDC-E2, BCOADC-E2, and OGDC-E2, but ALBIA 

also showed weak positive reactivity with sp100, which was not observed in other assays. 

The multiple nuclear dots pattern (ICAP AC-6) associated with sp100 was not detected by 

any laboratories in HEp-2-IFA. Taken together, data from seven different methods show that 

AMA-REF will be particularly useful for laboratories seeking to establish internal standards 

for the detection of AMA in a variety of immunoassays.
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Although many anti-RR positive sera are HCV-positive, RR-REF is from an HCV-negative 

individual, facilitating its safe distribution to laboratories worldwide. In HEp-2-IFA, RR-

REF produces the characteristic rods and rings staining pattern (ICAP AC-23), which shows 

distinct rod- and ring-shaped structures mainly in the cytoplasm of interphase cells (12, 18), 

with some structures visible in mitotic cells, and smaller structures evident in the nucleus 

(15). In addition to the rods and rings pattern, RR-REF shows a nuclear homogenous pattern 

at 1:40 and 1:80 dilutions. While HEp-2-IFA is the lone method capable of detecting anti-

RR per se, we also evaluated RR-REF for its reactivity with inosine 5′-monophosphate 

dehydrogenase (IMPDH), the only known antigen of rods/rings structures. We demonstrated 

that RR-REF recognizes a ~56 kD protein corresponding to IMPDH by IP, typical of many 

known anti-RR positive sera (15, 38). We further validated this IMPDH reactivity by IP-

western in MOLT-4 cell extract. ALBIA for IMPDH2 also confirmed this positive reactivity, 

while LIA showed additional reactivity to histones, nucleosomes, Sm, and nRNP/Sm. 

Altogether, these data suggest that RR-REF, especially with its internal control nuclear 

homogenous pattern, will be a useful tool as a reference material for anti-RR detection.

The clinical implications of anti-RR antibodies remain unclear. The rods and rings staining 

pattern, first described in the context of ANA patterns just under 10 years ago (47), is 

considered to be quite rare. However, it is not clear exactly how rare anti-RR antibodies are, 

due to the peculiarity that only HEp-2 substrate from select sources allow for consistent 

detection of rods/rings structures. Many patient sera positive for anti-RR may have been 

missed over the years due to being tested on substrate where immunoreactive rods/rings 

structures were not present. Additionally, anti-RR positivity does not appear to be useful as a 

marker for any autoimmune disorder or other types of disease, as the antibody tends to 

appear in HCV patients only after treatment with IFN/RBV (48–50). This interpretation is 

generally correct based on publications focused on anti-RR detection in HCV (13, 18–22), 

but seems not to be the complete story. For example, low-titer anti-RR were reported in 39 

out of 4738 individuals in the National Health and Nutrition in the National Health and 

Nutrition Examination Survey, and 38 of these 39 individuals had no history of HCV (24). 

Climent et al. also recently reported 14 non-HCV cases of anti-RR that present other 

diseases, mainly of autoimmune origin (23). A third related point is that due to 

advancements in HCV treatment, it is likely that fewer patients will be treated with 

IFN/RBV in the future, thus making anti-RR even more rare. Still, many new treatment 

regimens continue to include RBV (25, 26) and are extremely costly, potentially 

necessitating the continued use of IFN/RBV in the developing world (27). Although the 

reasons behind this autoantibody production remain unclear, we recommend continued 

monitoring and reporting of anti-RR rather than ignoring the unknown.

In summary, aliquots of AMA-REF and RR-REF are available for free distribution 

(subjected to shipping charges) to all qualified academic or commercial clinical laboratories 

through Plasma Services Group (https://www.plasmaservicesgroup.com) as catalogue 

numbers IS2724 (AMA) and IS2725 (anti-RR).
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Figure 1. AMA-REF validation by HEp-2-IFA, radioimmunoprecipitation, and western blotting.
(A) AMA-REF serum was serially diluted from 1:40 to 1:1280 and analyzed by HEp-2-IFA, 

which showed a coarse granular filamentous staining pattern in the cytoplasm (ICAP AC-21) 

typical of known AMA sera. (B) Left panel: immunoprecipitation using 35S-methionine-

labeled K562 cell extract (35S-K562-IP) of AMA-REF and AMA-positive control sera 

PBC1 and PBC2. Right panel: 35S-K562-IP of AMA-REF pre- and post-lyophilization. 

Immunoprecipitated proteins were subjected to SDS-PAGE in an 8.5% gel followed by 

autoradiography. Like PBC1 and PBC2, AMA-REF immunoprecipitated four protein 

subunits E2/E3, E3BP, E1α, and E1β of the pyruvate dehydrogenase complex (PDC), 

typical of AMA sera. (C) Western blotting of bovine mitochondrial extract (BME-WB) with 

AMA-REF diluted to 1:3000 or 1:5000 demonstrated reactivity with the same E2/E3, E3BP, 

E1α, and E1β PDC subunits.
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Figure 2. RR-REF validation by HEp-2-IFA, radioimmunoprecipitation, and IP-western.
(A) RR-REF serum was serially diluted from 1:40 to 1:1280 and analyzed by HEp-2-IFA, 

which showed distinct rod- and ring-shaped structures, mainly in the cytoplasm of 

interphase cells, corresponding to the characteristic rods and rings staining pattern (ICAP 

AC-23). (B) Left panel: immunoprecipitation using 35S-methionine-labeled K562 cell 

extract (35S-K562-IP) of RR-REF and RR-positive control serum RR1. Right panel: 35S-

K562-IP of RR-REF pre- and post-lyophilization. Immunoprecipitated proteins were 

subjected to SDS-PAGE in a 13% gel followed by autoradiography. Like RR1, RR-REF 

immunoprecipitated ~56 kD inosine 5′-monophosphate dehydrogenase (IMPDH). RR-REF 

also immunoprecipitated proteins associated with anti-U1RNP antibody, including the U1–

70K, U1-A, and U1-C proteins, as well as Sm core proteins B′/B, D1/D2/D3, E, F, and G. 

(C) Immunoprecipitation of unlabeled MOLT-4 cell extract with RR-REF followed by 

western blotting (IP-western) with affinity-purified rabbit polyclonal anti-IMPDH1 antibody. 
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A ~56 kD band corresponding to IMPDH was visible with no other bands detected, 

confirming reactivity of RR-REF with IMPDH.
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Table 1.

Additional immunoassay data for AMA-REF.

Assay Positive antigens Negative antigens

LIA M2–3E* sp100, PML, gp210, LKM-1, LC-1, SLA/LP, SSA/Ro60, SSA/Ro52, Scl70, CENP-A, CENP-B, PGDH

ALBIA M2–3E, sp100 LKM-1, SLA/LP, LC-1, HK, KL, gp210, VCP

ELISA PDC-E2

*
3E/M2 includes PDC-E2, BCOADC-E2, and OGDC-E2 antigens
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Table 2.

Additional immunoassay data for RR-REF.

Assay Positive antigens Negative antigens

LIA Histones, nucleosomes, Sm, nRNP/Sm DFS70

ALBIA IMPDH2 GW182, GE-1, Ago2, LAMP2, EEA1, elastase, Jo-1, ribosome, Sm, Sm/RNP, Ro52, 
Ro60, SSB, PM/Scl, PCNA, CENP-B
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