Detection of polyreactive immunoglobulin G facilitates diagnosis in children with autoimmune hepatitis
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Methods

Quantification of polyreactive immunoglobulin G

Patients’ serum samples from Hannover Medical School were cryo-conserved at below -20°C. Serum samples from external centers
were cryo-conserved according to local protocols and sent frozen to Hannover Medical School for centralized quantification of plgG.
Samples were pseudonymized for autoantibody-testing and observers were blinded to any clinical information.

Quantification of plgG using an ELISA to quantify reactivity to a peptide and BSA as blocking agent was performed as published?. In
short, 0.01 ug of HIP1R fragment, 0.1ug of intersectin 1 (ITSN1) fragment or 0.01 pg of ubiquitin (UBC) per well was bound to 96 well
ELISA plates over night at 4 °C. Plates were blocked with TBS and 5 % BSA for 30 minutes. Plates were washed with TBS with
Tween20® 0.05 % (TBST) once. Serum samples were diluted 1:101 (v/v) in TBS and 5 % BSA and 100 pl per well were added to the
ELISA plate and incubated for two hours. Plates were washed three times with TBST and incubated with a secondary rabbit anti-human
anti-lgG antibody labeled with horseradish peroxidase for 30 minutes. Three washing steps with TBST were performed and 3, 3', 5, 5'
tetramethyl benzidine (BioLegend, San Diego California) was added for 30 minutes for color reaction. Reaction was stopped with sulfuric

acid. Optical density was read at 450 nm using an ELISA reader (Tecan Sunrise-Basic, Grodig, Austria). Sera of five patients with



gradual increase in plgG reactivity were measured in every experiment and used to compute a standard curve. Arbitrary units (AU) were
calculated from the equation of the standard curve. Measurements were performed in Hannover, Germany.
As different AU dependent on center and storage duration were demonstrated, a normalization for these factors (referred to as

normalized AU (nAU)) was performed as published?.

Testing of different blocking reagents

96-well plates (Maxisorp, Nunc, Denmark) were blocked with 300 ul per well of 5 % BSA (Sigma-Aldrich, Germany) in TBS, 20 g/l HSA
(Shire, Germany) diluted to a final concentration of 5 % in TBS, 0.2 % Casein (Sigma-Aldrich, Germany) in TBS, 1 % nonfat dried milk
powder (AppliChem GmbH, Germany) in TBS, 2 % Tween® 20 (Sigma-Aldrich, Germany) in TBS, SmartBlock™ (Candor, Germany) or
Pierce™ Protein-Free Blocking Buffer (ThermoFisher Scientific Inc, USA) respectively. The ELISA was continued as described in the

Methods section.

Liquid-Liquid Preincubation
Patient sera were diluted 1:250 (v/v) in 20 % BSA in TBS. Diluted samples were stored for preincubation at 4 °C over night. BSA
preincubated samples were diluted 1:4 (v/v) due to prior dilution in TBS. These samples were added to the ELISA after blocking of the

96-well plates (100 pl/well) as described in the Methods section.



Immunofluorescence testing

IFT was performed by experienced technicians using the recommended methodology of the guidelines issued in 2004 by the Committee
for Autoimmune Serology of the International Autoimmune Hepatitis Group?. Samples were pseudonymized for autoantibody-testing and
observers were blinded to any clinical information. ANA, anti-SMA, anti-LKM and anti-LC1 were detected by IIF on sections of frozen
rodent liver, stomach and kidney sections. Briefly, a commercial rodent multi-organ substrate panel (kidney, liver and stomach) was
used (LKS Rat wrapped Standard Kit, Aesku.Diagnostics GmbG & Co. Wendelsheim, Germany). The sera were diluted, starting with a
dilution of 1:20 up to 1:160, and applied to the slide to cover the entire tissue section and allow binding of the autoantibodies to the
substrates. After washing, the sample was exposed to a second fluorochrome-labeled antibody. Finally, once washed again, the slides
were examined under fluorescence microscope (Olympus BX60 Microscope, Evident Europe GmbH, Germany), and the antibody

staining pattern was evaluated and interpreted accordingly to the guidelines?.

ELISA testing
An in-house ELISA was performed as published®#. Samples were pseudonymized for autoantibody-testing and observers were
blinded to any clinical information. Briefly, antibodies from defined anti-SLA or anti-LKML1 indicator sera were coated overnight in a

volume per well of 50ul at room temperature in microtiter plates (Dynatech, el Paso, Texas for anti-LKM1, and Maxisorp, Nunc,



Denmark for SLA). The supernatants were removed and after a washing step respective antigens were added. For the generation of
the antigens rat liver was homogenized and centrifuged for 15 minutes at 3000 rpm. The pellet was discarded and the supernatant
was centrifuged at 8500 rpm for 15 minutes. The pellet was discarded. The supernatant was further centrifuged for 60 min at 50000
rpm, antigens for LKM were collected from the pellet and antigens for SLA were collected from the supernatant and were added to the
respective ELISA. All antigens were added at a concentration of 100 ug/ml and incubated for one hour at room temperature. Patient
samples were diluted 1:10 in PBS + 10 mM EDTA and added to the microtiter plates following two washing steps. Incubation was
done for one hour at room temperature. Following three additional washing steps, avidin-peroxidase and sodium perborate dissolved
in citrate buffer were added to microtiter plates. The photometric reaction was stopped after five minutes, and the absorbance was
measured. The percentage of inhibition of the indicator serum to its respective autoantigen was used as a surrogate for the antibody

titer.

Statistical analysis

Statistical analysis was performed using SPSS (version 27, SPSS, Inc., Chicago, IL), GraphPad Prism (version 10.0.2 (232),
GraphPad Software Inc., La Jolla, CA), MedCalc software (version 19.4.1, MedCalc Software Ltd, Ostend, Belgium) and easyROC
package (version 1.3.1)[26] in RStudio (2021.09.0+351 "Ghost Orchid" Release, RStudio, PBC, Boston, MA). The Mann-Whitney U

test was used to compare quantitative data between two groups and the Kruskal-Wallis test was used for more than two groups with



Bonferroni post-hoc test. The Fisher’s exact test was used to compare categorical variables. Correlation analyses were calculated with

Spearman's rank correlation. The AUC and the Youden’s Index were used to guide identification of respective cut-off values. AUCs

were compared using DeLong’s test[27].

Accuracy of diagnostic test was calculated as (true positive+true negative)/total number. Sensitivities and specificities were compared

with the McNemar test. Overall accuracies were compared by the comparison of the 95 % CI. P-values below 0.05 (two-tailed) were

considered significant in all analyses.
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Supplemental Figure 1
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Supplemental figure 1: Normalization to center background and storage duration

Boxplots of anti-HIP1R/BSA reactive 1gG, quantified using reference samples to calculate a standard curve. Depicted in arbitrary units (AU) (median,
interquartile range) (upper panels). Lower panel shows normalized arbitrary units (nAU) after normalization to center-background of non-AlH liver
disease (non-AlH LD) and healthy controls (HC) (median, interquartile range). HIP1R: huntingtin-interacting protein 1-related protein; BSA: bovine

serum albumin.



Supplemental Figure 2
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Supplemental figure 2: Anti-HIP1R/BSA reactive IgG in children with autoimmune hepatitis (AIH) compared to subgroups of non-AlH liver

disease



Anti-HIP1R/BSA reactive IgG in children with AIH, AISC and non-AlH liver diseases (non-AlH LD) in the training cohort (a) and validation cohort (b).
Data are shown as median and interquartile range. The tables provide respective p-values for post-hoc two-group comparisons (Kruskal Wallis test
with Bonferroni’'s post-hoc test). Comparisons with DILI were not calculated because of the small group size. All other comparisons were not
significant in post-hoc testing. AISC: autoimmune sclerosing cholangitis; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic

steatohepatitis; PSC: primary sclerosing cholangitis.



Supplemental Figure 3
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Supplemental figure 3: Levels of plgG in children with or without specific histological features

Comparison of plgG levels between children with (Plasma cells +) and without plasma cells (Plasma cells -), interface hepatitis (Interface Hepatitis
+ or — respectively) or Emperipolesis (Emperipolesis + or — respectively) in the training (A) and validation cohort (B). (Mann-Whitney U test. HIP1R:
huntingtin-interacting protein 1-related protein; BSA: bovine serum albumin; ANA: antinuclear antibodies; anti-SMA: anti-smooth muscle antibodies;

nAU: normalized arbitrary units.



Supplemental Figure 4
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Supplemental figure 4: Diagnostic properties of plgG compared to conventional autoantibodies
Diagnostic properties of polyreactive IgG (plgG) in comparison to conventional autoantibodies (cut-off 1:80 for ANA, anti-SMA and anti-LKM) of AIH
(McNemar test in case p-value is shown; + McNemar test not applicable, superiority to plgG by comparison of 95 % CI; # inferiority to plgG by

comparison of 95 % CI) HIP1R: huntingtin-interacting protein 1-related protein; BSA: bovine serum albumin; ANA: antinuclear antibodies; anti-SMA:



anti-smooth muscle antibodies; anti-SLA/LP: anti-soluble liver antigen/liver-pancreas antibodies; anti-LKM: anti-liver kidney microsomal antibodies,

anti-LC1: anti-liver cytosol antibodies type 1.

Tables

Supplemental table 1: Clinical data of healthy control patients

Training Cohort Validation cohort

HC AlH on treatment HC

Number 34 13 16
Age (median (range)) 11 (3-16) 14 (1 -18) 12 (4 - 17) (n=15)

Female sex n (%) 23 (67.6) 8 (61.5) 6 (37.5)

AST, median [times upper limit of normal] (range) 0.9(0.4-1.7) (n=31) 0.6 (0.3-1.3) (n=12) 0.5(0.3-3.2) (n=5)
ALT, median [times upper limit of normal] (range) 0.4 (0.2 - 1.6) (n=30) 0.6 (0.3-2.1) (n=12) 0.7 (0.3 -4.7) (n=5)

IgG, median [times upper limit of normal] (range) 0.8 (0.5-1.0) (n=16) 0.7 (0.5 -0.8) (n=6) na

Supplemental table 2: Clinical data of the test cohort with available data on HIP1R/BSA, ITSN1/BSA and UBC/BSA reactive IgG

untreated AlH non-AlH liver disease
Number 47 46
Age (median (range)) 12 (3-17) 12 (0-17)
Female sex n (%) 35 (74.5) 14 (30.4)
AST, median [times upper limit of normal] (range) 10.6 (1.1 -114.1) 1.8 (0.7 - 50.9) (n=45)
ALT, median [times upper limit of normal] (range) 11.5(1.0-84.9) 2.2 (0.3 - 40.2) (n=45)
IgG, median [times upper limit of normal] (range) 1.7(05-6.1) 0.8 (0.5-1.7) (n=40)
seronegative AlH, n (%) 0 (0) na




AlH-1, n (%) 44 (93.6) na
AIH-2, n (%) 3(6.4) na

Supplemental table 3: AUCs and respective cut-offs for anti-HIPLR/BSA reactive IgG in the training cohort with and without inclusion of

AISC
Without AISC
AUC p 95 % Cl Cut-off number AlH cases number non-AlH-LD cases
0.900 <0.001 0.835-0.965 1.5 53 51
With AISC
AUC p 95 % Cl Cut-off number AIH&AISC cases number non-AlH-LD cases

0.890 <0.001 0.826-0.954 14 61 51



Supplemental table 4: Diagnostic test performance of different antibodies to distinguish AIH from non-AlH liver disease with higher cut-

off for ANA, anti-SMA and anti-LKM1

Sample e 0 p vs anti-HIP1R/BSA e 0 p vs anti-HIP1R/BSA 0
number cut off | Sensitivity | 95 % CI (McNemar) Specificity | 95 % CI (McNemar) Accuracy| 95 % ClI
anti- =215 0.659 - 0.811 - 0.773 -
HipirsA| 194 | nau | 9793 | 0892 0922 1 5 978 0856 | 5917
_ 0.659 - 0.604 -
ANA 104 >1:80 0.793 0.892 0.608 0.702 0.788
. , 0.557 -
anti-SMA 104 >1:80 0.698 0817 0.529
anti-LKM 104 =>1:80
anti-LC1 104 pos.
anti-SLA 88 pos.
anti- 99 =215
HIP1R/BSA nAU
ANA 99 =>1:80
anti-SMA 99 =>1:80
anti-LKM 99 =21:80
anti-LC1 99 pos.
anti-SLA 48 pos.




Supplemental table 5: Characterization of DILI cases in the validation cohort



Bilirubin hepatic ssive ssive treatment
1gG [XULN NR Autoantibodies positive [ ositive histolo;
[XULN] £G [ ] encephalopathy p PlgG p 8y Treatment @ 6 at end of

months follow up years]

causative Agent Age | sex | ALT[xULN] AST [XULN] AP [xULN] 8GT [XULN]

duration of
follow up

Florid
perivenular
necrosis with
neutrophilic
and
lymphocytic

1,424242424 | 3,222222222 na 2,19 no yes (ANA 1:80, anti-SMA 1:40) no inflammation. no
Moderate portal
mixed
inflammation.
Preserved
(normal) biliary
structure

diclofenac 17 f | 216,6060606 152,4375 0,632478632

no 3,5

portal
inflammation
with
lymphocytes,
neutrophils and
eosinophils.
Focal
1,955555556 na 1,19 no yes (ANA 1:80, anti-SMA 1:80) yes lymphocytic no no 3
cholangitis.
Bridging
perivenular
necrosis with
dens
lymphocytic
inflammation

amoxiklav 4 m | 37,35897436 | 1,865384615 | 0,755223881 | 22,94444444

severe portal
inflammation
with
eosinophils,
some

neutrophils and
0,549375 | 1,07 no yes (ANA 1:160, anti-SMA 1:160) yes lymphocytes. no no 3

Portal bridging
necrosis,
multiple fokal
necrosis.
Ductular
proliferation.

flagyl-amoxclav-paracetamol 1 m 29,9 36,46067416 | 0,490405117 | 20,58823529 | 3,955555556
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