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Abstract
Liver biopsy is crucial for the diagnosis of autoimmune hepatitis (AIH), and new reproducible histological criteria would 
be highly desirable, especially in acute-on-chronic cases. The aims of the present study were (i) to evaluate the AIH histo-
pathological criteria as a function of the time and modality of AIH onset, and (ii) to validate the count of apoptotic bodies 
in the portal tracts as a histopathological criterion for AIH diagnosis. Sixty-five patients were retrospectively enrolled: 20 
underwent biopsy for the first diagnosis and 45 had a previous histological AIH diagnosis. Biopsies were revised, and all 
histological variables were collected, including the lymphocytic apoptotic bodies in the portal tracts. Clinical and serological 
data were revised as well. First-diagnosis patients showed a higher grade of inflammation (p = 0.001), but also worse portal 
fibrosis (p = 0.001). The apoptotic body count was higher in first-diagnosis patients than in follow-up patients (p = 0.002), 
and it was strongly correlated to inflammation. Using the apoptotic body count among the simplified AIH score variables, the 
first-biopsy patients in the “definite” category rose from 42 to 68%. Our results confirm the histopathological criteria proposed 
by the literature and introduce the count of portal apoptotic bodies for the diagnosis of active AIH, especially in first biopsies 
without other classic features, as well as in AIH diagnostic score, albeit future studies are required to find a definite cutoff.
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Introduction

Autoimmune hepatitis (AIH) is a liver immune-mediated 
inflammatory disease. A recent meta-analysis indicated an 
incidence of 1.37 cases per 100,000 population and a preva-
lence of 17.44 cases per 100,000 population although real 

data could be different [1]. Women/men ratio is 3.6/1 and 
any age can be affected [2, 3]. Pathogenesis of AIH remains 
unknown, although the most probable cause is likely to be 
represented by an altered lymphocytic self-tolerance towards 
liver antigens: accordingly, AIH develops in subjects with a 
genetic predisposition, in particular as far as specific allelic 
HLA haplotypes are concerned [4].

Diagnosis of AIH is based upon clinical, serological, and 
histological data. These features were at first included in a 
scoring system in 1992 [5], reviewed in 1998 by the Inter-
national Autoimmune Hepatitis Group (IAIHG) [6], and 
finally simplified in 2008 [7]. Clinical presentation of the 
disease is variable, ranging from liver enzyme alterations to 
fulminant hepatitis characterized by massive hepatic necro-
sis. However, the clinical presentation is usually insidious 
and characterized by fatigue, nausea, anorexia, abdominal 
pain, weight loss, and arthralgia [8, 9]. Serological levels of 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), and gamma-glutamyl-
transferase (GGT) are increased, and the levels of serum 
IgG might be elevated, usually 1.2–3-time normal range. 
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Diagnostic serum antibodies include antinuclear antibody 
(ANA), anti-smooth muscle antibody (SMA), anti-liver 
kidney microsomal antibody (LKM-1) [10, 11]. The differ-
ent autoantibody pattern allows for differentiating between 
autoimmune hepatitis type 1 (AIH-1, elevated ANA/SMA) 
and autoimmune hepatitis type 2 (AIH-2, elevated LKM-1 
and/or anti-liver cytosol antigen type 1, LC-1). Histology on 
needle biopsy is necessary for a definite diagnosis of AIH, 
and it should be performed in patients with acute or chronic 
liver disease with unknown origin, particularly in the con-
text of hypergammaglobulinemia, with specific autoantibody 
profile and with the exclusion of other causes of acute and 
chronic liver diseases [12]. The key role of biopsy is its ade-
quacy and promptness. It results in being a crucial therapy to 
delay the progression of liver fibrosis. The European Asso-
ciation for the Study of the Liver (EASL) defined the criteria 
for the histopathological diagnosis of AIH [12], introducing 
the categories “definite,” “probable,” and “exclusion.” The 
main histopathological features include interface hepatitis 
with dense lymphocytic infiltrate with a variable amount of 
plasma cells, hepatocellular rosette formation, emperipole-
sis, and hepatocyte swelling and/or pyknotic necrosis are 
the typical hallmarks of AIH [7, 13]. However, these criteria 
have never been standardized among different centers [12]. 
The presence of plasma cells is not specific either, since 
they can be present also in viral hepatitis (such as HBV and 
HCV). The role of plasma cells in AIH is not clear, and a 
numerical cutoff for plasma cells does not exist [13].

Recently, Balitzer et al. proposed a new histological score 
based on the grade of necro-inflammatory activity, combin-
ing the Ishak activity grade and the number of plasma cells; 
moreover, they proposed the use of Keratin 7 (K7) and/or 
copper stain to detect histological signs of chronic cholesta-
sis which would be useful to exclude a biliary disease. The 
utility of such a diagnostic system in clinical practice has 
not been assessed so far [14]. Other authors observed that, 
beyond the cytonecrotic damage, regenerative changes like 
hepatocytic rosettes and cobblestone appearance of the lami-
nae could be used as AIH criteria, representing an indirect 
sign of cytonecrosis [15, 16].

In this scenario, new histological criteria, which could 
cost-effectively fortify the diagnosis of AIH, would be 
highly desirable.

In our routine practice, we noticed that apoptotic lympho-
cytes are common in portal tracts in AIH, but lymphocyte 
apoptosis in the human liver with AIH has never been sys-
tematically studied so far.

Apoptosis is a non-inflammatory programmed cell death 
(PCD) usually triggered by irreversible cell damage. Apop-
tosis of inflammatory and epithelial cells has been already 
described in autoimmune diseases, such as systemic lupus 
erythematosus (SLE) and bowel transplant rejection [17, 

18], indicating that a link between disorders of the self-
tolerance and apoptosis exists.

The aims of the present study were (i) to evaluate the 
histopathological criteria proposed by the literature for AIH 
diagnosis in a cohort of patients with ascertained AIH who 
come to a tertiary referral center (TRC), as a function of 
the time and modality of AIH onset; (ii) to systematically 
investigate lymphocyte apoptosis in a series of well-charac-
terized AIH. Moreover, we analyzed how the new recently 
proposed score for the histological diagnosis of AIH fits with 
our series.

Materials and methods

Study population, clinical data, and biopsy timing

All patients with proved AIH who underwent liver biopsy 
for the first time in our TRC from 2010 to 2017 were retro-
spectively enrolled. Inclusion criteria were age ≥ 18 years, 
execution of the liver biopsy at admission in our center. 
Exclusion criteria were overlap between AIH and any other 
liver diseases, IgG4-related disease, and proven or highly 
suspected drug-induced liver injury (DILI).

Sixty-five patients satisfied the criteria of enrollment, 44 
(67.7%) females and 21 (32.3%) males, mean age at biopsy 
49.4 ± 15.8 years (range 19–79 years). In 20 (30.8%) cases, 
the admission to the TRC occurred for a clinical suspect 
of AIH (virus-negative acute hepatitis), and the first biopsy 
confirmed the diagnosis; this group defines as first-biopsy 
patient (FBP) group. Forty-five patients (69.2%) enrolled 
with a previous histological diagnosis of AIH made in other 
centers; in these patients, defined as follow-up patient (FUP) 
group, the admission for follow-up and revaluation (N = 32) 
or acute flare (N = 13) was made. For FUP, the mean time 
from the first diagnosis of AIH to the enrollment in TRC was 
90.4 ± 54.9 months (range 1–192 months).

Since drug-induced liver damage represents a significant 
differential diagnosis with AIH, we excluded a priori those 
cases with suspect DILI: as a result, in our series, a his-
tory of intake of non-steroidal anti-inflammatory drugs was 
recorded in 7 (10.1%) cases, 5 FUP and 2 FBP. All patients 
of the FUP group received corticosteroid therapy, with 29 
relapse cases registered over time: these cases were treated 
with steroids (n = 14), steroids plus azathioprine (n = 10), 
azathioprine alone (n = 4), and cyclosporin (n = 1).

Limited to the study of lymphocyte apoptosis and ret-
rospectively selected from our archive, liver biopsies from 
25 HCV-positive hepatitis (10 females and 15 males, mean 
age 51.6 ± 19.2 years, range 27–71), from 10 patients with 
primary biliary cholangitis (PBC; all women, mean age 
50.3 ± 15.6, range 42–66), and 10 patients with DILI (6 
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females and 4 males, mean age 55.9 ± 21.1 years, range 
20–83) function as control groups.

The clinical variables, including AST, ALT, GGT, ALP, 
conjugated, unconjugated, total bilirubin, and total gamma 
globulin, were collected during admission/biopsy. The 
occurrence and titers of the SMA, ANA, LKM, and AMA 
autoantibodies, further the time and modality of AIH onset, 
were also recorded. A summary of raw clinical data is shown 
in Table 1.

Histopathology and immunohistochemistry

All liver biopsies were percutaneously obtained, formalin-
fixed, paraffin-embedded, routinely processed, and stained 
with hematoxylin–eosin (HE) and reticulin. The biopsies of 
all patients were revised by two pathologists (one trainee 
pathologist and one dedicated pathologist) at a multiple-
head microscope.

Portal inflammation, interface hepatitis, lobular inflam-
mation/necrosis, and fibrosis stage were assessed by Ishak’s 
score [19]. Plasma cells were evaluated as an absolute num-
ber in 3 “hot spots” at higher magnification. We obtained 
the AIH score proposed by Balitzer et al. [14], combining 
necro-inflammatory activity according to Ishak and the num-
ber of plasma cells. Score 0 was assigned in cases without 
features of AIH (or with chronic cholestasis utilizing K7 
immunoreactivity and rhodanine stain for copper deposits), 
score 1 in cases of hepatitis with mild-to-moderate activity 
(Ishak’s A2-B1-C2) and with negativity for K7 and rhoda-
nine stain, and score 2 in cases with numerous plasma cells 
(eventually in clusters) and/or hepatitis with severe activity 
(Ishak’s A3-B2-C3) [14].

Besides, the presence of emperipolesis, hepatocytic 
rosettes, and/or “cobblestone” appearance were recorded, 
as the presence of bile duct changes, which was, according 
to the literature, defined as irregularity in shape and/or size 
of bile ducts [20].

Rhodanine stain and K7 IHC (clone SP52, prediluted, 
BenchMark ULTRA® immunostainer, Ventana Medical 
Systems) were performed. Based on granular cytoplasmic 
staining in periportal hepatocytes, rhodanine stains suggest 
an ambivalence as negative or positive. If at least three peri-
portal hepatocytes were positive in at least two foci, stains 
of K7 were logged as expressed in hepatocytes; all the other 
cases were scored as negative [14].

In all cases based on clinical and histological variables, 
the simplified AIH score was evaluated according to the 
original description [7].

Lymphocytic apoptotic bodies were defined as round, 
small, basophilic, globule devoid of cytoplasm within lym-
phocytes infiltration. Apoptotic bodies were counted in the 
portal tracts in at least 3 “hot spots” at high magnification 
and therefore reported as mean for each case.

Statistical analysis

All statistical analyses were carried out employing SPSS® 
software for Windows.

Continuous variables are reported as mean ± standard 
deviation and range; discrete variables are reported as 
frequency and percentage. Chi-square test, ANOVA test, 
Mann–Whitney test, t-test, and Spearman’s test were applied 
as appropriate. A correlation coefficient p < 0.05 was con-
sidered statistically significant.

Results

Histopathological differences between follow‑up 
patients and first‑biopsy patients

Portal inflammation according to Ishak was absent in 13 
(20.0%) cases, grade 1 in 20 (30.8%), grade 2 in 23 (35.4%) 
and grade 3 in 9 (13.8%). Interface hepatitis according to 
Ishak was absent in 16 (24.6%) cases, grade 1 in 14 (21.5%), 
grade 2 in 20 (30.8%), grades 3 and 4 in 15 (23.1%). Lob-
ular necrosis/inflammation was absent in 2 (3.1%) cases, 
grade 1 in 43 (66.2%), grade 2 in 12 (18.5%), and grade 
3 in 8 (12.3%), with Councilman’s bodies in 18 (27.7%) 
cases. Mean plasma cells count was 16.5 ± 14.2/hot spot 
(range 0–50). Emperipolesis was observed in 13 (20.0%) 
cases, hepatocytic rosettes in 57 (87.7%) and “cobblestone” 
appearance in 24 (36.9%). Bile ducts were normal in 25 
(38.5%) cases: in 11 (16.9%) cases, focal bile duct altera-
tions were present, and in 29 (44.6%) cases, diffuse bile duct 

Table 1  Frequencies and descriptive clinical data of our 65 patients 
with autoimmune hepatitis. dBil, direct bilirubin; iBil, indirect biliru-
bin; totBil, total bilirubin

Sex F 44 (67.7%)
M 21 (32.3%)

Age (years) 49.4 ± 15.8 (19–79)
AST (U/L) 167.08 ± 349.66 (3–1888)
ALT (U/L) 199.54 ± 431.12 (4–2212)
GGT (U/L) 82.97 ± 131.73 (0.82–585)
ALP (U/L) 121.17 ± 107.01 (1.22–552)
dBil (mg/dL) 0.56 ± 1.59 (0.02–7.80)
iBil (mg/dL) 0.44 ± 0.83 (0.04–4.09)
totBil (mg/dL) 3.02 − 6.05 (0.3–24)
Gamma globulin (%) 20.40 ± 8.81 (0–52)
SMA (≥ 1:40) N = 28 (43.1%)
ANA (≥ 1:40) N = 34 (52.3%)
LKM (≥ 1:40) N = 6 (9.2%)
AMA (≥ 1:40) N = 2 (3.1%)
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alterations were present. Stage was mild (stage 0–2 accord-
ing to Ishak) in 47 (72.3%) biopsies, stage 3 was recorded 
in 12 (18.4%), stage 4 in 2 (3.1%), and stage 5 (pre-cirrhotic 
stage) in 4 (6.2%).

The score for AIH diagnosis as proposed by Balitzer [14] 
was 0 in 28 (43.0%) cases, 1 in 12 (18.5%) cases, and 2 in 
25 (38.5%) cases.

Mean simplified AIH score [7] was 5.8 ± 1.3 (range 3–8) 
in the overall series, with 26 (40.0%) patients in the non-
probable category (score ≤ 5), 20 (30.8%) in the probable 
category (score = 6), and 18 (27.7%) in the definite category 
(score ≥ 7). As expected, 22 out of 26 (84.6%) patients with 
low score were in the FUP group, while 15 out of 19 (78.9%) 
FPB received a score ≥ 6. One FBP patient (from another 
institute) did not receive a simplified AIH score, since serum 
data were not complete.

Table 2 shows the differences in histology between the 
two patient groups. As expected, most of the histopatho-
logical features of active inflammation were significantly 
higher in FBP than in FUP, including the grade of portal 
inflammation (p = 0.005, chi-square test), interface hepa-
titis (p = 0.001), and lobular inflammation (p = 0.001); 
the occurrence of Councilman bodies (p = 0.001); and the 
plasma cells count (p = 0.010, Mann–Whitney test). Also, 
emperipolesis was more represented in FBP (p = 0.002), 
while hepatocytic rosettes and “cobblestone” appearance 
were distributed equally in all cases. AIH score was 2 in 
13 out of 20 FBP (65.0%) and in 12 out of 45 (26.7%) FUP 
(p = 0.005).

FBP showed worse portal fibrosis (p = 0.001, 
Mann–Whitney), with 17/20 (85.0%) cases with stage ≥ 2 
according to Ishak versus 26 (57.8%) FUP cases with 
stage ≥ 2. Thus, FUP averagely showed a better control on 
disease progression, despite the time from the first diagnosis.

Histology of bile ducts in active AIH

Bile duct changes occurred in 70% of FBP and 33.3% of 
FUP (p = 0.023), and they were strongly related to the 
grade portal inflammation (p < 0.001, Spearman’s test) and 
portal fibrosis (p = 0.003). Hepatocytic K7 immunoreactiv-
ity together with focal copper deposits was observed in 6 
(9.2%) cases. In line with what was previously reported 
[14], the bile duct changes observed in AIH seem to be 
directly related to the intensity of the inflammatory portal 
infiltrate rather than a direct bile duct aggression (Fig. 1).

Table 2  Differences in 
histopathological characteristics 
among the two study groups. 
*Chi-square test; #Mann–
Whitney test; §t-test

Follow-up patients 
(n = 45)

First-biopsy patients 
(n = 20)

p value

Portal inflammation (moderate-to-severe) 16 (35.6%) 16 (80.0%) 0.005*
Interface hepatitis (moderate-to-severe) 18 (40.0%) 17 (85.0%) 0.001*
Lobular inflammation (moderate-to-severe) 7 (15.6%) 13 (65.0%) 0.001*
Councilman’s bodies 6 (9.2%) 12 (60.0%)  < 0.001*
Plasma cell count (mean) 14.27 ± 14.23 21.79 ± 12.86 0.010#

AIH score 0.005*
  0 25 (55.5%) 3 (15.0%)
  1 8 (17.8%) 4 (20.0%)
  2 12 (26.7%) 13 (65.0%)

Emperipolesis 4 (6.2%) 9 (45.0%) 0.002*
Rosettes 39 (60.0%) 18 (90.0%) 0.529*
Bile duct alterations 15 (33.3%) 14 (70.0%) 0.023*
Portal fibrosis (Ishak’s ≥ 2) 26 (57.8%) 17 (85.0%) 0.001#

Apoptosis 5.00 ± 4.50 9.45 ± 6.95 0.002§

Fig. 1  A portal tract in a case of active autoimmune hepatitis, char-
acterized by intense inflammatory infiltrate and bile duct alterations, 
without direct aggression. In the lower-left square, immunohisto-
chemistry for Keratin 7 showing ductular reaction without hepato-
cytic biliary metaplasia. Magnification × 20
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Portal lymphocytic apoptosis

Lymphocytic apoptotic bodies were evaluated in 3 por-
tal hot spots for each case: the mean was 6.4 ± 5.7 (range 
0–26). Since the apoptotic body count was higher in FBP 
(9.45 ± 6.95) than in FUP (5.00 ± 4.50, p = 0.002, t-test), it 
resulted in a correlation to the inflammation, indeed (Fig. 2). 
In particular, mean apoptosis number was correlated 

positively with the grade of portal inflammation (p < 0.001, 
Mann–Whitney test), the grade of interface hepatitis 
(p < 0.001), plasma cell number (p = 0.001), lobular inflam-
mation (p < 0.001), and Councilman bodies (p = 0.001). As 
a result, mean apoptosis number correlated with AIH score 
as well (p = 0.003, ANOVA test), but also with emperip-
olesis (p = 0.003, Mann–Whitney test), bile duct alterations 
(p = 0.001), AST (p = 0.004), and ALT (p = 0.031) levels. 
Consequently, the 28 patients who received a low histologi-
cal score according to Balitzer had a lower mean apoptotic 
count than the others (3.54 versus 8.01): nevertheless, 6 
(21.4%) of these patients had a high mean apoptotic count 
(≥ 5).

To compare results of the apoptotic count, we chose 
other liver disease models: PBC as another model of auto-
immune liver damage, as well as drugs and HCV as mod-
els of active inflammatory liver damage (Fig. 3). The mean 
apoptotic body counts in PBC, HCV, and DILI cases were 
3.50 ± 1.67, 5.92 ± 3.44, and 3.18 ± 1.41, respectively. These 
values were comparable to apoptotic count in FUP group 
(p = 0.306, p = 0.874, and p = 0.219, respectively, t-test), but 
significantly lower than FBP group (p = 0.013, p = 0.004, and 
p = 0.010, respectively). Of note, the grade portal inflamma-
tion was comparable in the control groups as well as in AIH 
cases, with a mean Ishak’s grade of 1.50, 1.67, and 1.60 
in PBC, HCV, and DILI cases, as well as 1.16 and 2.05 in 
FUP and FPB cases. As a result, the mean apoptotic count 
was significantly different between AIH cases and overall 

Fig. 2  High-magnification picture of a portal inflammatory infiltrate, 
with several apoptotic bodies (some indicated by the black arrows). 
Magnification × 40

Fig. 3  Box-plot figure repre-
senting the mean apoptotic 
counts in the five pathological 
conditions studied: HCV-pos-
itive hepatitis (HCV), drug-
induced liver injury (DILI), 
primary biliary cholangitis 
(PBC), follow-up AIH patients 
(AIH-FUP), and first-biopsy 
AIH patients (AIH-FBP)
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control cases (p = 0.025), despite the grade of inflammatory 
infiltrate (p = 0.254).

Can lymphocytic apoptosis be useful 
among the criteria of the simplified AIH score?

Interesting results came from the comparison between 
apoptotic count and simplified AIH score. In the overall 
AIH cases, the mean apoptotic count increased with the 
AIH score, with a mean of 3.98 ± 3.35, 7.70 ± 6.60, and 
8.45 ± 6.56 in cases with an AIH score of 5, 6, and ≥ 7, 
respectively (p = 0.01 ANOVA test).

In the FBP cases, who did not receive any therapy, the 
mean apoptotic count was 6.50 ± 6.35, 9.23 ± 7.20, and 
11.84 ± 7.49, respectively, with no statistical differences 
among the non-probable, probable, and definite categories 
(p = 0.481). Using the abovementioned cutoff value of ≥ 5 
mean apoptotic bodies, arbitrarily chosen based on AIH 
activity and Balitzer score, we tried to simulate how this 
new histological feature can modify the simplified AIH score 
in our 19 FBP (1 patient did not have enough clinical data 
to assess the score).

Among the 4 FBP in the “non-probable category” (sim-
plified AIH score ≤ 5), 2 (50%) had a mean apoptotic body 
count > 5: if we assign 1 point to the simplified AIH score, 
both cases would shift to the “probable” category.

The final number of FPB in the “non-probable” category 
would result in 2.

Among the 7 FBP in the “probable” category (simplified 
AIH score = 6), 5 (71%) cases had a mean apoptotic body 
count > 5 and would shift to the “definite” category.

The final number of FPB in the “probable” category 
would result in 4 (considering the 2 cases from the “non-
probable” category).

All 8 (100%) FPB already in the “definite” category had 
a mean apoptotic body count > 5.

The final number of FPB in the “definite” category would 
results in 13.

In this simulation, assigning 1 point of score to FBP 
with > 5 mean apoptotic body count, the patients in the 
“definite” category after the first biopsy would have been 
68% (instead of 42%).

Discussion

Histopathological analysis plays a key role in the diag-
nosis of AIH since the formulation of the first diagnostic 
scores [5]. However, albeit the single histopathological 
criteria for AIH are well-established, their reproducibility 
is questionable. Recently, confirming the importance of 
many criteria but questioning others, such as emperipole-
sis, some researchers revised the role of histopathology in 

AIH diagnosis [14]. Moreover, the authors confirmed the 
importance of excluding bile duct disease, utilizing also 
ancillary techniques, and proposed a score for the histo-
pathological grading of AIH [14]. Our work confirms once 
more that plasma cell number and portal inflammation cor-
relate with the AIH activity, together with other single his-
topathological features. These “classic” AIH criteria are 
strongly associated with each other as well. Also, emperi-
polesis was significantly more represented in the FBP and 
showed a correlation with an acute AIH presentation: 
emperipolesis is a sign of acute hepatitis, poorly specific 
of AIH, and difficult to define without ancillary techniques 
[14]. Other features such as hepatocytic rosettes and “cob-
blestone” appearance [15] were represented equally in 
both the FBP and FUP groups, demonstrating less cor-
relation with disease activity: they might be considered 
the most sensitive of AIH (despite inflammatory activity), 
albeit they are seen as less specific [14].

In our series, a peculiar characteristic of the FBP group 
(sent to the TRC because of clinical data suggesting autoim-
mune disease) was a significantly higher fibrosis stage than 
FUP (with a previous diagnosis of AIH in other hospitals), 
meaning a more advanced disease progression at the time of 
the first diagnosis. This finding could derive from a delayed 
or underestimated AIH diagnosis in patients’ history, before 
coming to the TRC for an acute flare. At any chance, it con-
firms our previous experience on a multicenter Italian study: 
we studied AIH clinical acute onset, subdividing the “genu-
ine” acute onset based on a low degree of fibrosis at the his-
tological level and identifying patients with Ishak’s stage ≥ 3 
as “acute on chronic” [21]. Here, we restate that the degree 
of fibrosis at diagnosis could represent the gold standard to 
define an actual acute AIH onset versus a reactivation of a 
chronic picture (i.e., acute-on-chronic AIH).

Bile duct changes were defined as alterations in shape 
and size of bile ducts, with focal nuclear irregularity [20]. 
Following this definition, biliary injury can be focally pre-
sent, and it is reported in up to 12% of AIH by the litera-
ture [20, 22]. Balitzer et al. suggested the use of K7 and 
copper deposits to exclude chronic biliary damage [14] 
since biliary damage has been considered a negative factor 
in AIH diagnostic score [7]. However, some authors postu-
lated that once the coexistence of chronic biliary diseases 
is excluded, AIH diagnosis should not be excluded based 
on biliary changes [22, 23]. Applying the most recent 
indications, in our series, we found morphological signs 
of bile duct changes in 40 (61.5%) patients, and in par-
ticular in 70% of FBP and 33% of FUP. This incidence is 
in line with most recent observations [24], together with 
the finding that bile duct alterations were strongly related 
to portal inflammation (p < 0.001), rather than with a 
direct bile duct aggression. A possible explanation is that 
a heavy chronic inflammatory infiltrate causes vascular 
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congestion due to portal tract compression. The biliary 
regressive changes could be a consequence of transient 
hypoperfusion.

In addition to the validation of the “classic” AIH cri-
teria, another important aim of the present study was to 
apply the count of apoptotic bodies in the portal tracts as 
a novel feature for AIH diagnosis. Our results showed that 
lymphocyte apoptosis in portal tracts is a constant event in 
untreated AIH. Here in line with recent observations, in this 
report remains indicated that apoptosis of Treg circulating 
lymphocytes has specifically increased in active AIH [25]. 
In a mouse model, it has been demonstrated that Tregs are 
highly sensitive to apoptosis, associated with a low expres-
sion of the anti-apoptotic molecule and the development of 
autoimmunity [26]. In our data, the apoptotic count in the 
portal tracts is directly correlated with the main variables 
of inflammatory activity, as well as with the AIH grading 
score proposed by Balitzer et al. [14], confirming that the 
increase of apoptotic activity is proportional to the grade 
of inflammation. We found a high apoptotic count, defined 
as ≥ 5, in more than 21% of the cases with a low histologi-
cal score for AIH diagnosis. Using the same cutoff, we 
simulated the simplified AIH score for our FBP, assigning 
1 point in the presence of > 5 apoptotic body count: as a 
consequence, the percentage of FBP who would be put in 
the “definite” category raises from 42 to 68%. The afore-
mentioned encourages our feeling that apoptosis might be 
considered a histological criterion in AIH diagnosis. Due to 
the lack of a gold standard to be compared with, the choice 
of the cutoff was arbitrary and it was mainly based on the 
comparison with the controls. Further analyses are required 
to establish an eventual diagnostic cutoff to be applied in the 
AIH diagnostic score.

Studies on other autoimmune diseases and hyperimmune 
conditions demonstrated a dysregulation in apoptotic mecha-
nisms [18, 27, 28]. Many mechanisms play a role in apopto-
sis dysregulation in LES, including the survival of self-reac-
tive B lymphocytes promoted by the lack of apoptotic body 
phagocytosis [27]. Another model described an increased 
self-reactivity of the B lymphocytes by an impairment of 
T-helper lymphocytes control and survival mechanisms [28]. 
To compare our findings with other mechanisms of liver dis-
ease, we counted lymphocytic apoptosis in the portal tracts 
of 25 HCV-related acute hepatitis, 10 PBC, and 10 DILI: 
the mean apoptotic count in FUP was comparable to control 
cases, albeit PBC cases showed much lower apoptotic bodies 
(Fig. 3). FBP cases showed a significantly higher apoptotic 
count than control cases, independently of the amount of 
portal inflammatory infiltrate: this finding could suggest that 
in different active liver diseases with a comparable amount 
of inflammation, the lymphocyte turnover might be dissimi-
lar. Further studies focusing on the T-cell gene expression 
are required.

The count of apoptotic bodies on biopsy is used 
already in other clinical settings, such as in acute cellular 
rejection of bowel transplantation, where an increase in 
crypt epithelial cell apoptosis is a significant histological 
criterion for the diagnosis [28]. So far, the relationship 
between inflammatory cell apoptosis and AIH has not 
been investigated. Our results confirm that the increased 
apoptotic activity in portal spaces in AIH represents a 
sign of dysregulated lymphocyte turnover [22], especially 
in acute AIH. Moreover, apoptotic count in FBP cases 
remains high in all the diagnostic categories as calculated 
with the simplified AIH score, and especially between 
the “probable” and “definite” categories, suggesting that 
the apoptotic count could be proposed as diagnostic cri-
teria for acute AIH, especially in first biopsies from not 
treated patients, also without any other typical histologi-
cal features.

In conclusion, apoptotic count seems to represent a new 
morphological feature in the diagnosis of acute AIH as in 
the flare of acute-on-chronic AIH. The connection between 
inflammatory cell apoptosis and AIH needs further inves-
tigation. As previously mentioned, the results show how 
the increased apoptotic activity in portal spaces in AIH 
expresses a sign of dysregulated lymphocyte turnover [22], 
primarily in acute AIH. The apoptotic count can be pro-
posed as a diagnostic criterion for AIH in the acute phase, 
especially in first biopsies without other classic features, 
and could be included among the future histological vari-
ables of the AIH score, providing a definite cutoff value.
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