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Abstract

The impairment of regulatory T cells (Tregs) is a characteristic feature of autoimmune hepatitis (AIH), and the degradation of
tryptophan (Trp) to kynurenine (Kyn), by gamma interferon-induced indoleamine-2,3-dioxygenase-1 (IDO-1), is a central
metabolomics check point in the differentiation of Tregs. For this reason, we investigate whether or not Kyn and IDO activity
is potentially useful biomarkers in pediatric ATH.

Between January 2016 and January 2017, children of AIH type-1 (AIH-1, n=37), AIH type-2 with liver kidney microsome-1
autoantibodies (AIH-2-LKM-1, n = 8), and autoantibody-negative Wilsons Disease (WD, n =8) and alpha-1 anti-trypsin defi-
ciency (AATD, n=10), were enrolled in a cross-sectional survey of Kyn and Trp levels and Kyn/Trp ratios (IDO activity) by
HPLC, and neopterin levels by ELISA.

The mean Kyn and mean Kyn/Trp ratios of AIH-1 with smooth muscle antigen (SMA) 1.85 uM and 27 pmole/mmole, and
AIH-2-LKM-1; 1.7 uM and 28.6 pumole/mmole were lower than that of the WD; 2.2 uM p = 0.03 and 33 umole/mmole p = 0.02
and of AATD; 2.3 uM, p =0.02 and 55 uM, p = 0.001. Kyn/Trp ratios of AIH relapse; 23.6 pmole/mmole were lower than Kyn/
Trp ratios of AIH remission; 27.6 pmole/mmole (p < 0.05). The stage of liver disease and grade of liver biopsies in AIH-1
patients negatively correlated with the Kyn/Trp ratios.

The serum Kyn levels and Kyn/Trp ratio of AIH patients, within or below the normal range, indicate a trend of IDO activity
lower than non-autoimmune WD or AATD. Prospective monitoring of serum tryptophan metabolomics in larger cohorts of
pediatric AIH patients is required to confirm the apparent paradigm of weak IDO activity contributing to the Treg deficit and
pathogenesis of pediatric ATH.
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WD Wilsons Disease
Kyn kynurenine

Trp tryptophan

Introduction

Autoimmune hepatitis (AIH), incidence of 1-3 per 100,000, is
a progressive inflammatory liver disorder attributed to inter-
actions between individual immune genetics and environmen-
tal exposures. The numerical and functional impairment of
Treg cells is considered imperative for the development and
the progression of the disease [1-5]. The established AIH
international guidelines (IAIHG) provide the best and most
probable assessment but not definitive diagnosis [6—10].

The strict classification of pediatric AIH according to au-
toantibody profile, mainly the smooth muscle antigen (SMA)
and F-actin of type 1 AIH, and the liver kidney microsome 1
(LKM-1) and liver cytosol antigen 1 (LC1) of type 2 AIH, is
important at initial diagnosis [11-15, 17] to distinguish be-
tween forms of AIH and to rule out liver inflammation due
to inborn errors of metabolism, viral infection, and drug hep-
atotoxicity. Autoantibodies in AIH-1 have limited clinical rel-
evance for the follow-up of patients [12, 18, 19] as evident by
their low titer or seroconversion to negative SMA/F actin au-
toantibodies after treatments with steroids and/or immune sup-
pressive drugs [11, 12]. Children or young adults that show
loss of anti-LKM-1 expression may retain elevated serum
transaminase and eventually require liver transplantation even
though they test LKM-1 negative [13—15]. Autoantibodies to
soluble liver antigen (SLA), liver protein (LP) develop in
more severe autoimmune liver disease [13, 18] and autoanti-
bodies to pyruvate dehydrogenase complex, multi-enzyme
complexes within the mitochondria inner membrane (AMA)
and rare autoantibodies associate with primary biliary
cholangitis and overlap syndromes [19-23].

Transaminases, bilirubin, and immunoglobulins, routinely
used for monitoring the hepatic inflammation of AIH [25, 26]
and WD [27], revert to normal range after steroids with or
without azathioprine and immune suppressive drugs in ap-
proximately 80% of AIH cases [28]. The infiltrates of
intrahepatic self-reactive lymphocytes which lead to cholesta-
sis and fibrosis [2, 4, 5] coexist in the inflamed human liver
with foxp3+ Treg cells and CD4+ Thl7 [1, 2, 5]. Although
immune suppressive treatments diminish the interferon gam-
ma production and effect PD-1 T cell subsets of pediatric AIH,
the clinical relevance of immune modulation remains specu-
lative [3]. Thus, the identification of new biochemical and
immunological markers which correlate with liver histopa-
thology and predict sustained remission in ATH would vastly
improve clinical practice [29-32].

Dysregulated tryptophan (Trp) catabolism and the activity of
IFNvy/IL-1-induced rate limiting enzyme indoleamine2,3-
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dioxygenase-1 (IDO-1), major pathways of immune activation
and inflammation, have proven useful indicators of IFN-gamma
and Treg cell responses. Increased IDO and PD1-Tregs are im-
plicated in the promotion of tumor growth whereas decreased
IDO activity is linked to deficit of functional Treg cells in auto-
immunity [33-40]. The Trp degradation metabolite kynurenine
(Kyn), generated via IDO in the lymphoid cells, is a key check-
point of the Th17/Treg balance in graft rejection [41, 42], tumor
immunity [33, 34], and autoimmunity [35—40]. Serum Kyn
levels are elevated in chronic viral infections [43—47] and neuro-
logical inflammation [34, 48].

Neopterin, a byproduct of purine metabolism, is produced
by monocytes and macrophages upon stimulation with IFN
gamma through the enzyme GTP cyclohydrolase and is an
established biomarker for monitoring IFN gamma immune
activation. In cases where neopterin levels positively correlate
with Kyn/Trp ratio, the gamma interferon-induced IDO activ-
ity is assessed [40, 49, 50]. Despite the widespread use of
serum IDO activity and neopterin for the assessment of in-
flammation and immune activation, there are so far no reports
of tryptophan degradation and neopterin in AIH.

For this reason, we investigate whether or not the serum
Kyn levels and IDO activity, indicated by Kyn/Trp ratios
would represent a practical and non-invasive approach to
stratify pediatric AIH according to tryptophan metabolism.

The aim of this study is to investigate tryptophan degrada-
tion in autoantibody-positive pediatric AIH compared with
pediatric non-autoimmune genetic metabolic liver disease
and to determine if the levels of serum Kyn and the Kyn/Trp
ratio of AIH patients associate with the liver pathology scores,
serum transaminases, or neopterin.

Patients and methods
Patient population and clinical examinations

Pediatric patients (n=63), AATD (Group I, n =10), WD
(Group 11, n =8), AIH-1 (Group III, n =37), and AIH-2
(Group 1V, n =8) were enrolled in the study between
January 2016 and January 2017.

The AATD patients included 10 patients homozygous for
the mutant Z allele (PiZZ); all developed liver failure and
underwent liver transplantation within mean 9 years (range
3—15 years); 5 of them were tested before orthotopic liver
transplantation, the remaining after transplantation at various
times points. All patients developed liver failure and
underwent liver transplantation within mean 9 years (range
3—15 years) after the date of serum sample collected at initial
diagnosis. The diagnosis of WD with EASL score 3.3 +0.82
had serum ceruloplasmin 113 +50 mg/dL by nephelometry
(Siemens BN Prospec) and urinary copper 112457 pg/24 h
by atomic absorption spectrometry. Mutations of ATPase
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copper transporter ATP7B were found in either one allele (n =
5) or both alleles (n = 8) by PCR [27]. The diagnosis of AIH
was based on typical laboratory and liver histology abnormal-
ities and IAHG score [6, 9]. All biopsies were assessed ac-
cording to Batts and Ludwig classification [25] by single pa-
thologists in order to avoid inter-observer error [26]. Liver
biopsies were performed in all but three AIH cases; one with
AIH-2 and two with AIH-1. The three pediatric AIH cases
were cirrhotic and liver biopsy was contraindicated (1 case)
or the parents refused their child to undergo liver biopsy (2
cases). The AIH patients newly diagnosed (» =2) and in re-
lapse (n = 14) were assessed according to active liver disease
with increased ALT values and immunoglobulins. The AIH
patients in remission (n =29) were assessed according to the
normal ALT levels and inactive liver disease after steroid and
immune suppressive treatments.

The mean disease duration of WD was 4 years (range 1-8);
AIH-1, 2 years (range 0.2—6); and ATH-2, 5 years (range 0.4—
11). At the initial workup, viral liver disease (HAV, HBV, and
HCV) was excluded in all patients. Alpha-1 anti-trypsin and
ceruloplasmin were normal in all AIH subjects, 170 +33 mg/
dl and 36 + 15 mg/dl respectively. The WD and all groups of
AIH patients enrolled in the study had laboratory hematolog-
ical values within normal range. During outpatient care, clinic
liver function tests were evaluated.

Abdominal Doppler ultrasound examination was per-
formed if indicated to assess the portal blood flow and to
witness portal venous hypertension as a complication of cir-
rhosis [51]. AIH therapy consisted of prednisone dosage ini-
tially 2 mg/kg/day with azathioprine dosage 1-2 mg/kg/day.
The remission of the disease was defined as full normalization
of ALT. When remission was achieved, prednisone was ta-
pered to 5-15 mg each second day, while azathioprine was
continued under blood level control. Relapse of AIH was di-
agnosed when ALT flare appeared noted and thus the doses of
steroids have to be increased. UDCA, 15 mg/kg/day, was in-
troduced in case of concomitant biochemical cholestasis. The
main comorbidity in the cohort was ulcerative colitis, diag-
nosed in 4 patients. Single patients were diagnosed with in-
flammatory bowel disease, Crohn disease, coeliac disease,
and diabetes mellitus type I with concomitant autoimmune
thyroiditis. The encephalopathy was assessed according to
West-Haven scale.

Autoantibody and biochemical tests

The initial screening was 1:40 sera dilution detected by commer-
cial indirect immunofluorescent tests using HEp-2 cells for
ANA, and rat panel substrates (stomach, liver, and kidney) for
smooth muscle antigen (SMA) (Mosaic Basic Profile,
Euroimmun, Germany). The anti-mitochondrial antigen subunit
2 (AMA-M2) and liver kidney microsomal 1 cytochrome P450-
2D6 (LKM-1) at cut-off of 1/10 was considered positive (Mosaic

Basic Profile, Euroimmun, Germany). Further serum dilutions
were performed to investigate the F-actin specific reactivity on
VSM47 cells, the patterns on rat liver, stomach, and kidney sub-
strates and HEp-2 (Biochip Mosaic, Euroimmun, Germany) and
the ANA immune fluorescence patterns; homogenous, granular,
chromosomal, nuclear, and cytosolic (Liver Mosaic 8§,
Euroimmun, Germany). Autoantibodies were tested by different
ELISA systems as follows: AMA-M2-IgG, AMA-M2-IgM, liv-
er cytosol 1 formiminotransferase cyclodeaminase (LC1), LKM-
1 and soluble liver antigen and liver-pancreas antigen (SLA/LP)
ELISA (Euroimmun, Germany); F-Actin, LC-1 and LKM-1
QUANTA Lite® ELISA (Inova Diagnostics, USA) and
ASGP-R ELISA (Generic Assays Medipan, Germany) [16].
Kelch-like 12; KELCH and hexokinase; HK-1 autoantibodies
were assessed in non-immunoblots and ELISA (Inova
Diagnostics) [22]. The differential IgG immunoblots were per-
formed on Euroline autoimmune liver disease recombinant pro-
teins (Euroimmun, Germany); 74Kd pyruvate dehydrogenase
full-length AMA-M2 and subunit M2-3E; speckled protein
(sp100) and glycoprotein (gp210), promyelocytic leukemia pro-
tein (PML), LKM-1, LC1, SLA/LP, 60Kd soluble substance A
(SSA), 52 Kd interferon-inducible protein (Ro52) belonging to
the tripartite motif family of proteins, topoisomerase 70Kd
(Scl70), centromere A (CA), centromere B (CB), and phospho-
glycerate dehydrogenase (PGDH). The signal band intensities in
EUROLine scan of 6-10 and > 11 were reported as borderline
and positive respectively.

Biochemical markers (ALT, AST, and GGTP) were
assessed by enzymatic-colorimetric method using Roche
COBAS p 512 analyzer. Total IgG was measured using neph-
elometric method [24]. All samples were tested with the
Siemens BNII analyzer utilizing Siemens (total IgG) reagents
and capillary zone electrophoresis of serum proteins was per-
formed on a MiniCap instrument (Sebia) to measure gamma
globulin concentration.

Kynurenine and neopterin measurements

All serum samples were in frozen storage (—20 to —30 °C) for
longitudinal en bloc Kyn measurements. The concentrations of
Trp and Kyn were measured by reverse-phase HPLC method,
using a Varian ProStar HPLC system equipped with a solvent
delivery module (model 210), an auto sampler (model 400, both
Varian ProStar), an UV-spectrometric detector (SPD-6A,
Shimadzu), and a fluorescence detector (model 360, Varian
ProStar) [49, 50]. In brief, 200 uL of serum, 200 pL of internal
standard, 50 pumol/L 3-nitro-L-tyrosine, and 50 pL of 2 mol/L
trichloroacetic acid were vortexed and centrifuged to precipitate
proteins and generate the supernatants that were measured. The
IDO-1 activity was estimated by the calculated Kyn/Trp ratio
expressed as pmol Kyn per mmol Trp. The concentrations of
neopterin, 6-(D-erythro-1',2',3"-trihydroxypropyl)-pterin, were
determined by ELISA (BRAHMS, Hennigsdorf, Germany).
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Table 1 Pediatric patient

characteristics AATD n=10 WD n=28 AIH-1 n=37 AIH-2 n=8
Characteristic
Age, yrs. 6 (2-10) 8 (2-17) 15 (8.75-18) 13 (6.5-16.5)
Gender (f/m) 3/7 4/4 19/18 5/3
Disease duration yr NA 4 (1-8) 2 (0.2-6) 5(0.4-11)
ALT, U/L NA 60 (22-184) 24 (6-226) 18 (9-398)
AST, U/L 65 (17-109) 37 (23-104) 27 (14-554) 22 (17-51)
GGTP, U/L 308 (14-1129) 24 (12-115) 27 (7-637) 13 (8-53)
v-Globulins, g/L 12 (8-14) 14 (4.7-29) 13 (7.9-15)
Bilir.Direct, mg/dL 0.6 (0.1-1.4) 0.21 (0.1-0.38) 0.23 (0.1-0.39) 0.32 (0.16-0.58)
Bilir. Total, mg/dL 0.56 (0.19-1.02) 0.54 (0.21-5.9) 0.6(0.36-2.2)
INR 1.2 (0.9-10) 1.08 (0.9-1.2) 1.09 (0.87-1.4) 1.1 (0.95-1.2)
Portal flow c/s NA 26 (14-35) 21 (13-45) 21 (12-30)
Echo E 5/8 2/37 2/8
Echo H 0/8 6/37 1/8
TAHG score NA NA 7 (4-8) 7 (5-8)
Liver grade NA 1(0-3) 3(04) 1(0-3)
Liver stage NA 2 (0-3) 2 (0-4) 1(0-3)
Therapy
Steroids 0/10 0/8 30/37 3/8
Az 0/10 0/8 36/37 4/8
UCDA 0/10 0/8 36/37 1/8

Median (range) of anti-alpha trypsin deficiency (Group I, AATD) Wilsons Disease (Group II, WD),AIH-1 (Group

11I) and AIH-2 (Group IV)

Data not available or not applicable (NA). Elevated (E) or heterogeneous (H) echogenicity (Echo)

Normal ranges: ALT and AST 10-31 U/L, GGTP 10-60 U/L, y-globulins 4.6-16.7 g/L, Bilirubin (Bilir.) total
0.2-1.3 mg/dL and direct < 0.3 mg/d L, INR 0.9-1.2, portal flow rate 18-26 cm/s

Statistical analysis

Statistical analysis was done with MedCalc version 14 for
Windows (MedCalc Software, Mariakerke, Belgium).
Comparisons of the values between patient groups were
assessed by non-parametric Wilcoxon sum rank test. A p val-
ue of 0.05 was considered to be statistically significant with
differences in values between independent groups. Linear-log
transformation and regression analyses were calculated ac-
cording to the formula f(x) =a + b log(x). The correlation co-
efficients of r> 0.5 or r<—0.5 with significance at p <0.05
were considered strong positive or strong negative associa-
tions, respectively.

Ethical consideration

This study did not require any other than standard of
care physical examination and blood sampling for labo-
ratory evaluations procedures. Informed guardian and/or
patient consent was obtained from each child included
into the study. The study protocol conforms to the eth-
ical guidelines of the 1975 Declaration of Helsinki as
reflected in a priori approval by Ethics Committee of
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the Children’s Memorial Health Institute no 192/KBE/
2015 and 231/KBE/2015.

Results

Biochemical, serological, and liver function characteris-
tics were compared in non-autoimmune WD versus dif-
ferent groups of pediatric AIH (Table 1). The 8 WD
patients diagnosed according to EASL guidelines gave
scores of 3—4, indicative of either possible or
established disease. Corneal Kayser-Fleischer (KF) rings
were absent in all WD patients. None of the patients
presented with end stage of liver disease related enceph-
alopathy. Concentration and attention disturbances were
more frequently reported among the AIH-1 (15/40,
37%) and AIH-2 (4/8, 50%) patients than among the
WD (0/8, 0%). The simplified criteria of the
International Autoimmune Hepatitis Group (IAHG) were
applied to all AIH patients [6, 9]. The IAHG cumulative
scores of AIH-1 and AIH-2 gave a median of 7 (range
4-8) and 7 (range 5-8) respectively indicative of a
probable diagnosis. The median values of
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Table 2  Autoantibody profile of pediatric patients

WD ATH-1 ATH-2
N=8 N=37 N=8

IIF

Total 48 (50%)  36/37 (97%) 8/8 (100%)
ANA 4/8 (50%)  27/37 (13%) 3/8 (38%)
SMA 0/8 (0%) 25/37 (67%) 0/8 (0%)
LKM 0/8 (0%) 0/37 (0%) 5/8 (63%)
SLA 0/8 (0%) 4/37 (11%) 0/8 (0%)
ELISA/IB

Total 0/8 (0%) 31/37 (84%) 8/8 (100%)
F-actin 0/8 (0%) 20137 (54%) 0/8 (0%)
LKM-1 0/8 (0%) 0/37 (0%) 8/8 (100%)
SLA/LP  0/8 (0%) 5/37 (14%) 0/8 (0%)
LC-1 0/8 (0%) 3137 (8%) 3/8 (38%)
AMA 0/8 (0%) 2137 (5%) 2/8 (24%)
Gp210 0/8 (0%) 137 (3%) 1/8 (12%)
Sp100 0/8 (0%) 2137 (5%) 1/8 (12%)
*QOther 0/8 (0%) 3(CENP), 2(PML), 2(PGDH),

1(R052), 1(KELCH) 1(KELCH)

The number of autoantibody positive out of total evaluable samples is
indicated by percent. IIF = indirect immune fluorescence ELISA and/or
immunoblot

immunoglobulin, bilirubin, and INR prothrombin
clotting were within normal range in all groups of pe-
diatric patients (Table 1). The median serum transami-
nases of WD were significantly higher than that of the
AIH-2 (Table 2). One of the 8 LKM-1 positive AIH-2
patients at 3 years of age had acute liver failure with
elevated transaminases; ALT 398 U/L, AST 51 U/L, and
GGTP 53 U/L.

Liver biopsies of WD patient median grade 1 and median
stage 1 were similar to that of the AIH-2 patients, and
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Fig. 1 Autoantibody levels of AIH in ELISA versus immune
fluorescence. a Linear regression analysis of scatter plots of F-actin
Quanta lite ELISA versus SMA IIF of AIH-1 patients; »=0.81,
p<0.0001, and weighted kappa inter rate agreement of 0.125+0.07
and b LKM-1 Euroimmun ELISA versus LKM IIF of AIH-2 patients;

LKM, IF titre

significantly lower than the mean ranked values of liver biop-
sy grades of AIH-1 patients, median grade 3 and median stage
2. No significant differences between groups were observed
for portal flow rates. The ultrasound examinations revealed
elevated echogenicity in 5 of 8 WD patients, and in 2 of §
AIH-2 patients, compared with 3 of 37 AIH-1 patients, sug-
gesting greater steatosis and peri-hepatic fat tissue in the liver
of WD and AIH-2 patients (Table 1).

Autoantibody profile of pediatric liver disease

WD patients were devoid of autoantibodies; 0 of 8 (0%)
ELISA and/or IB. The 4 of 8 (50%) ANA positive
(Table 2) had non-specific weak granular immune fluores-
cence < 1:320 (results not shown). ANA lack antigen
specificity while SMA in AIH are highly specific
targeting F-actin; their titres, especially in children, may
decrease during immunosuppression-induced remission
leading to seroconversion. Thus the autoantibodies of
the pediatric AIH were also ranked according to percent
positivity in ELISA and/or immunoblot; ATH-1 < ATH-2
(Table 2). As it was expected that all AIH-2 patients test-
ed positive for antibodies to LKM-1 in ELISA of both
Euroimmun and Quanta lite and were confirmed positive
by IIF (5/8, 63%) and by Euroimmun and Quanta lite
immunoblots (7/8, 88%). SLA/LP autoantibodies in
AIH-1 were confirmed positive by ELISA and immuno-
blots of both Euroimmun and Quanta lite in 2 of the 5 and
by IIF in 4 of 5 patients (Table 2).

The two patients with KELCH autoantibodies (Table 2)
gave high ELISA reactivity > 1000 AU (not shown) and were
associated with co-morbidities and elevated aminotransfer-
ases; 1 Crohn’s disease AIH-1 (ALT 97 U/L, AST 114 U/L,
and GGTP 286 U/L) and 1 acute liver failure of the AIH-2
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Table 3  Tryptophan metabolism of pediatric patients
Parameter I. L. WD II. I AIH-1 1L I AIH-2 p value
N=8 N=37 N=8
S I'vs III
IvsIl
Kyn, uM 2.2 (1.7-2.7) 1.85 (1.7-1.97) 1.66 (1.1-2) 0.03 0.1
Trp, mM 0.068 (0.06-0.076) 0.07 (0.067-0.073) 0.07 (0.06-0.08) 0.7 0.6
Kyn/Trp ratio 33 (26-39) 27 (25-28) 28.6 (21-36) 0.02 0.38
Neopterin, nM 5.8 (3.7-7.8) 5.6 (5.1-6.0) 6 (4.5-7.5) 0.7 0.86

The mean (95% CI). The p values of unpaired equal variance Student’s ¢ test between the WD versus pediatric ATH

Italic values are statistically significant

Normal ranges: kynurenine (Kyn) 1.4-2.1 puM, tryptophan (Trp) 54-74 uM, Kyn/Trp ratio 20-33 umol/mmol, neopterin 4.3—7.5 nM (ref [40])

patient (ALT 398 U/L, AST 51 U/L, and GGTP 53 U/L). The
PML autoantibody positive AIH-1 patient and the KELCH
positive AIH-1 patient (Table 2) show strong nuclear mem-
brane IIF; 1:32000 and 1:3200 respectively (not shown).

The patients with rare autoantibodies, asialoglycoprotein
receptor (ASGP-R) and 52 Kd nuclear antigen (Ro52) in
AIH-1 and phosphoglycerate dehydrogenase (PGDH) in
AIH-2, showed serum aminotransferases within normal range
without co-morbidities. The five AIH-1 patients with positive
autoantibodies, two AMA-M2, two sp100, and one gp210
positive, all had elevated aminotransferases, but bilirubin
levels were within normal range. The two cases of AIH-2
having sp100/AMA-M2 positive and the one case of gp210/
AMA-M2 positive, showed elevated bilirubin, but their serum
aminotransferase values were within normal range without
obstruction of liver function and without requirement for
UDCA treatment.

The F-actin ELISA positively correlated with the SMA IIF;
(Fig. 1a), whereas AIH-2 LKM-1 ELISA activity did not cor-
relate with LKM IIF (Fig. 1b).

Clinical features and kynurenine-tryptophan
profile

The mean Kyn concentration and Kyn/Trp ratio of AIH-1 pa-
tients were significantly lower than that of WD (Table 3, Fig. 2a,
b). The 14 AIH patients with active disease show consistent trend
of lower Kyn levels and lower Kyn/Ttp ratios than the 29 AIH
patients in drug-induced remission with inactive disease (Fig. 2c,
d). No differences were found in the levels of neopterin levels
between groups (Table 3). The Kyn/Trp ratios positively corre-
late with duration of disease, (Fig. 3a) but show no association
with the levels of serum neopterin (Fig. 3b).
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Fig. 3 Tryptophan degradation a
during the course of AIH. a The 50 o 12 4
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Correlations of Kyn/Trp ratios with type
and severity of AIH

Tryptophan degradation and liver histology scores of the pa-
tient groups revealed striking differences in their trend to ei-
ther associate or not associate with liver disease grade or stage
of liver pathology (Fig. 4). The Kyn/Trp ratios of AIH-1 neg-
atively correlate with the scores of liver disease grade and liver
stage (Fig. 4a) whereas no associations were found in AIH-2
(Fig. 4b) and WD (Fig. 4c).

Discussion

Pediatric AIH is a rare disease and the undertaking of large
studies are difficult. Our comprehensive analysis of trypto-
phan degradation in children with AIH demonstrated that the
serum Kyn and Kyn/Trp ratios of AIH-1 and AIH-2 were
within or below the normal range and were consistently lower
than that of pediatric non-autoimmune WD and AATD.
Taking into account that significant results were obtained in
a relatively small cohort of pediatric AIH, our data clearly

indicate a disease-specific effect which may bear a pathophys-
iological meaning rather than a liver damage-related epiphe-
nomenon. The mean neopterin levels of all groups were <
7.5 uM, without correlation to Kyn/Trp ratios. This indicates
weak IDO activity and an absence of gamma interferon im-
mune activation. The modest trend of increased Kyn and Kyn/
Trp ratios during the duration of disease is consistent with the
report of altered kinetics of IFNy and PD1 expression in AIH
after exposures to immune suppressive drugs [4].
Corticosteroids and stress have been reported to induce ex-
pression of liver tryptophan deoxygenase (TDO) [33] and thus
the measurements of Kyn/Trp ratios in AIH may in part be
attributed to TDO activity. The low Kyn levels and null asso-
ciations between Kyn/Trp ratio and neopterin levels observed
in this study are in striking contrast to the accelerated trypto-
phan catabolism widely reported during acute viral infection
and liver disease involving strong IFNy signaling especially
the increased Kyn and/or Kyn/Trp ratios observed in HIV and
HBYV hepatitis relative to control levels [43—47].

Previous reports of low Kyn/Trp ratios in autoim-
mune patients are likely explained by reduced expres-
sion of IDO-1, IDO-2, and/or TDO or a defect in

Fig. 4 IDO activity and liver a B c ~
pathology in pediatric AIH. a 4 oo % O A 4
AIH-1n=25,b AIH-2;n="7, and
> 5 s 3 OINAT)) o 3 A
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activation of the Kyn pathway [35-39]. Although this
study does not distinguish between hepatic and extra-
hepatic tryptophan degradation, the measurements of se-
rum Kyn and Kyn/Trp ratios are the best estimate of
overall enzymatic activity. Our findings of Kyn levels
and Kyn/Trp ratios similar across age and gender of
AIH and WD are consistent with the report of normal
ranges of Kyn and Kyn/Trp ratio valid for all ages and
gender [49, 50].

The pronounced differences in the association of Kyn/Trp
ratios with liver pathology suggest a trend of poor tryptophan
breakdown associated with worsening immune pathology.
The grade of liver disease and stage of AIH-1 negatively cor-
related with Kyn/Trp ratios over a narrow range of 13—
43 pumole/mmole, whereas the AIH-2 and WD liver grade
and stage show no associations with Kyn or Kyn/Trp ratios
over the same range. The trend of lower values of Kyn and
Kyn (Trp ratios among the AIH patients in relapse than that of
the Kyn and Kyn/Trp ratios of the AIH patients in remission)
is of borderline significance and requires confirmation with
larger numbers of patients. Never the less, the findings imply
that a deficit of IDO activity is associated with worsening liver
function and lower capacity to respond to steroid and immune
suppressive treatments.

The precise interpretation of Kyn levels for Th17/Treg
“gate keeping” and the effective use of steroids, immunosup-
pressive drugs, and T cell targeting therapies in autoimmunity
is of key importance. The ideal assessment of inflammatory
biomarkers should be made relative to the baseline values of
newly diagnosed and untreated patients [31, 32]. Since such
cases are not common in clinical practice, our findings of low
Kyn levels and low Kyn/Trp ratios in pediatric AIH relative to
AATD and WD require confirmation by prospective studies
which monitor Kyn/Trp ratios in larger AIH cohorts at presen-
tation and at follow-up visits during steroid and immunosup-
pressive treatments. The paradigm of low IDO activity linked
to deficit of functional Treg cells, increased inflammation, and
worsening liver function is intriguing and should be consid-
ered in future studies of the Treg cells in pediatric AIH.
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