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Background & Objective: Neonatal cholestasis (NC) occurs in approximately 1 in
2500 live births. Autophagy-related gene 5 (ATGS) is a central component of the
autophagy machinery, particularly in autophagosome formation. The autophagic
process regulated by ATGS5 has been implicated in various physiological and
pathological conditions. This study aimed to evaluate the role of ATGS in NC.

Methods: This retrospective study analyzed liver biopsies from 74 patients with NC.
46 with extrahepatic etiology and 28 with intrahepatic etiology. Immunohistochemical
expression of ATGS was assessed in hepatocytes and biliary epithelium.

Results: A significant association was observed between intrahepatic cholestasis and
the intensity of ATGS expression in zone II hepatocytes (P = .029). Overexpression
of ATGS in hepatocytes was significantly associated with mild portal tract fibrosis
(P =.038) and mild lymphocytic infiltrates (P =.005).

Conclusion: ATGS5 appears to contribute to the pathogenesis of NC in Egyptian
infants. These findings may provide a basis for further research into novel diagnostic
and therapeutic strategies.
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Introduction

The incidence of neonatal cholestasis (NC)
approximately 1 in 2,500 live births worldwide. At the
Egyptian National Liver Institute, the most common
cause of NC was biliary atresia (BA) (37%), followed by
progressive familial intrahepatic cholestasis (PFIC)
(12%), neonatal sepsis (9%), cytomegalovirus (CMV)
infection (8%), idiopathic neonatal hepatitis (7%), and
inspissated bile syndrome (3%) (2).

Autophagy is a catabolic process that allows cells to
recycle amino acids and other intracellular components to
generate energy (3). In the liver, autophagy has been
shown to play a crucial role in cytoprotection against
various pathological insults, including steatosis, liver
injury, and dyslipidemia associated with alcoholic and
nonalcoholic fatty liver disease (4). Furthermore,
autophagy deficiency has been reported in inherited
metabolic liver diseases, such as glycogen storage disease
type Ia (GSD-Ia), which is characterized by a deficiency
in glucose-6-phosphatase-o.  (G6Pase-a), leading to
impaired glucose homeostasis and hepatomegaly.

Autophagy-related genes were first identified in yeast;
among them, autophagy-related gene 5 (ATGS) is a key
regulator of autophagosome formation (5).

The present study aimed to evaluate the role of ATGS
in NC among Egyptian pediatric patients.
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Materials and Methods

This retrospective study included 74 cases of
neonatal cholestasis (NC): 46 with extrahepatic
etiology and 28 with intrahepatic etiology. Cases were
collected over a 4-year period (January 2017-
December 2020) from the Pathology Department of the
National Liver Institute, Menoufia University.

Patients were excluded if paraffin blocks were
unavailable or contained insufficient tissue, if clinical
data were incomplete, or if treatment and follow-up
were conducted outside the National Liver Institute.

Clinical and Laboratory Data

Laboratory and radiological findings were obtained
from patient records. Laboratory data included
prothrombin time, international normalized ratio
(INR), liver function tests [aspartate aminotransferase
(AST), alanine aminotransferase (ALT), y-glutamyl
transferase (GGT), alkaline phosphatase (ALKP), total
and direct bilirubin, total protein, and albumin].
Abdominal ultrasound results were also reviewed.

Histopathological Evaluation

Hematoxylin-eosin (H&E)—stained sections and
special stains (Masson trichrome, Perls, and orcein)
were re-evaluated to confirm the diagnosis. The
following pathological parameters were graded:
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ductular proliferation, bile plugs, portal inflammatory
infiltrates (lymphocytes, neutrophils, and eosinophils),
giant cell transformation of hepatocytes, hepatocyte
swelling, cholestatic rosettes, and extramedullary
hematopoiesis (6,7). Liver fibrosis was staged
according to the Ishak system (grades 0—6) (8).

Immunohistochemistry

Four-micron sections were prepared from paraffin
blocks and stained wusing a streptavidin-biotin
amplification system. Sections were deparaffinized in
xylene, rehydrated, and treated with 200 mL of Tris-
EDTA high-pH retrieval solution (Dako, Ref K8000,
Glostrup, Denmark) for 20 minutes. Endogenous
peroxidase activity was blocked using peroxidase-
blocking reagent. Slides were incubated overnight with
primary antibody against ATGS (goat polyclonal,
Santa Cruz Biotechnology, catalogue no. sc-8667,
RRID: AB 2062328; dilution 1:200). Normal human
duodenal tissue served as a positive control. Sections
incubated without primary antibody served as negative
controls.

Immunohistochemical results were evaluated
independently by two pathologists blinded to clinical
data, with consensus obtained in cases of discrepancy.

e Hepatocytes: ATGS positivity was defined as
diffuse granular cytoplasmic staining (9). The H-
score was calculated wusing the formula:
H-score = (1 x % mildly stained cells) + (2 x %
moderately stained cells) + (3 x % strongly stained
cells).

Staining was assessed separately across
hepatocyte zones.

e Biliary epithelium: Immunoreactivity was scored
using the IRS system (9). Staining intensity was
scored as 0 (negative), 1 (faint), 2 (moderate), or 3
(strong). Distribution was scored as 0 (negative), 1
(1%-30%), or 2 (31%-100%). The composite
score was calculated by multiplying intensity and
distribution scores. Scores of 0 were considered
negative, while scores 1-6 indicated positive
expression.

Statistical Analysis

Data were analyzed using SPSS version 20 (IBM
Corp, Armonk, NY). Qualitative variables were
described as frequency and percentage, and
quantitative variables as mean + standard deviation or
median (range) as appropriate. The y? test or Fisher
exact test was used for categorical variables. Mann-
Whitney U and Kruskal-Wallis H tests were used for
non-normally distributed quantitative variables. A P
value < .05 was considered statistically significant
(10).
Results

A comparison of clinical, laboratory, and
radiological data between extrahepatic and intrahepatic
NC groups is presented in Table 1. Patients with
extrahepatic NC had significantly higher levels of
alkaline phosphatase (ALKP) and y-glutamyl
transferase (GGT) compared with those with
intrahepatic NC (P =.006 and P < .001, respectively).

Table 1. Comparison between extrahepatic and intrahepatic NC groups regarding clinical, laboratory and radiological data.

Extrahepatic NC
Clinical data No (%)
46 (100)

Sex
Male 23 (50)
Female 23 (50)
Age (days)
Min. — Max. 23 - 105
Mean = SD. 65.54 +£19.02
Median (IQR) 62 (53 -80)
Abdominal US:
Hepatomegaly 3(6.5)
Splenomegaly 1(2.2)
GB contractility 3 (6.5)
LFTs
T.Bil
Min. — Max. 5-21
Mean + SD. 10.62 +£3.33
Median (IQR) 10.5 (8.70 — 11.49)
D.Bil
Min. — Max. 4.82 —14.50
Mean = SD. 7.58 £2.04
Median (IQR) 7 (6 —8.08)
T.prot
Min. — Max. 4-6.50
Mean + SD. 5.46 £0.61
Median (IQR) 530(5-6)
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Intrahepatic NC Test of
No (%) significant P value
28 (100) S :
x=

11 (39.3) L5
17 (60.7) 0.805
38— 108
64.93 + 17.93 1=0.138 0.891
61.50 (51 —77)

Uy 72=1.903 FEp=0.285
2(7.1) 1=1.105 FEp=0.553
2(7.1) 22=0.011 FEp—1.000

5.50 - 21 -
10.90 + 3.98 U=633.50 0.907
10 (7.64 — 12.24)
4.40 - 16 -
7.98 +3.03 U=631.0 0.884
7.02 (5.80 — 9.25)
3-6.40 -
5.27+0.79 t=1.180 0.242
5.35 (6 — 5.90)

IRANIAN JOURNAL OF PATHOLOGY



Rehab M Samaka et al. 433

Extrahepatic NC Intrahepatic NC Test of
Clinical data No (%) No (%) .. P value
46 (100 28 (100 significant.

Albumin
Min. — Max. 3460 2.50 - 4.80
Mean + SD. 379+ 039 371+ 0.54 S s
Median (IQR) 4(3.60—4) 3.75 (3.40 — 4)
AST
Min. — Max. 100 — 500 51-2222 - 0,083
Mean + SD. 247.8+98.11 398.6 + 412 488.50 ’
Median (IQR) 230.5 (174 — 329) 307 (182 — 486.5)
ALT
232013
Min. — Max. 25-512 =
Mean + SD. 1952 + 1083 o 'E‘ljot 43%21) 640.50 0969
Median (IQR) 184 (110 —255) ’
ALKP
Min. — Max. 1722176 171-736 - I
Mean + SD. 614+ 298.1 455+ 174.9 398.50 :
Median (IQR) 556.5 (490 — 730) 449 (312 — 575.5)
GGT
Min. — Max. 126 — 1678 46— 1436 = 0.001°
Mean + SD. 820.1 = 427.6 330.9 + 369.5 189.0° :
Median (IQR) 690.5 (497 — 1145) 222 (108 — 405)
PT
Min. — Max. 10— 14.30 10— 14
Mean + SD. 11344117 1179 + 127 e 2y
Median (IQR) 11 (10— 12) 1170 (11 — 12.65)
INR
Min. — Max. 0.93- 1.6 0.90 — 97 U= 0.522
Mean + SD. 1154011 456+ 18.12 624. '
Median (IQR) 1.16 (16 — 1.20) 1.15 (16 — 1.20)

No: Number, %: Percent, LFTs: Liver function tests, T.Bil: Total bilirubin, D.Bil: Direct bilirubin, T.prot: Total protein, AST:
Aspartate aminotransferase, ALT: Alanine aminotransferase, ALKP: Alkaline phosphatase, GGT: Gamma-glutamyl transferase,
PT: Prothrombin time, INR: International normalized ratio, SD: Standard deviation,*: Significant U= Mann Whitney test , X2: is
the Chi square test, FE: Fisher Exact test.

Histopathological Assessment of NC intrahepatic cholestasis was more frequently associated
with parenchymal alterations such as cholestatic

Cases . L . .
. . rosettes and intrahepatic or intracanalicular cholestasis
In extrahepatic cholestasis, portal tract changes . .
. . . . . (Fig. 1 and Fig. 2).
were more prominent, including periportal edema, bile
plugs, and bile duct proliferation. In contrast,

'\ ‘ ..n‘ L t/ s N7
Fig. 1. A case of extrahepatlc NC, A: Portal tract edema black arrows (H&E x40), B: Intralumlnal blle lugs black arrows, (H&E
x200). C: Bile duct proliferation,black arrows (Masson trichrome x100).
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Fig. 2. A: Case of intrahepatic NC with intracanalicular cholestasis black arrows, (H&Ex400). B: Case of neonatal hepatitis with
prominent giant cell transformation, black arrows (H&E x400). C: Case of PFIC demonstrating cholestatic rosettes, red arrow

(H&E x200).

A comparison of histopathological parameters
between extrahepatic and intrahepatic NC groups is
presented in Table 2. Extrahepatic cholestasis was
significantly associated with portal tract changes,
including fibrosis, edema, bile plugs, bile duct
proliferation, and bile ductular proliferation (P < .001
for all). Conversely, intrahepatic cholestasis was
significantly associated with parenchymal features,
including hepatocyte rosetting (P < .001), lymphocytic
permeation (P = .001), extramedullary hematopoiesis
(P = .002), steatosis (P < .001), and microabscess
formation (P = .004).

ATGS Expression in Hepatocytes

All studied cases showed positive ATGS
expression in hepatocytes. In the extrahepatic NC
group, the mean £ SD ATGS H-score was 177.17 £
51.50, whereas in the intrahepatic NC group, it was
204.29 + 57.00 (Fig. 3). A significant difference in
ATGS5 expression was noted in zone II hepatocytes

between extrahepatic and intrahepatic NC (P = .029).
Moderate to strong ATGS expression was observed in
31 patients (67.4%) with extrahepatic NC and in 23
patients (82.1%) with intrahepatic NC.

Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic
utility of ATGS expression in differentiating between
extrahepatic and intrahepatic cholestasis. Although the
difference approached statistical significance (P =
.058), higher ATGS5 expression was consistently
observed in hepatocytes from intrahepatic NC
compared with extrahepatic NC. The specificity and
sensitivity of ATGS5 expression were 84.78% and
39.29%, respectively (Fig. 4).

ATGS Expression in Biliary Epithelium

No significant difference in ATGS IRS expression
was observed in Dbiliary epithelium between
extrahepatic and intrahepatic NC groups (Table 3).

Table 2. Comparison between extrahepatic and intrahepatic NC groups regarding the histopathological parameters

Parameters

Portal tract edema
Present
Absent
Bile duct proliferation
Present
Absent
Bile ductular proliferation
Present
Absent
Bile plugs
Present
Absent
Degree of Lymphocytic infiltrate
Mild
Moderate
Degree of Neutrophil infiltrate
Mild
Moderate + Marked
Degree of Eosinophil infiltrate
Mild
Moderate + Marked

sagueyd Joea) [eri0d
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Extra hepatic | Intra hepatic
No (%) No (%) 12
46 (100) 28 (100)
FE

45 (97.8) 16 (57.1) .
1(2.2) 12 (42.9) 19.893 <0.001°
44 (95.7) 8 (28.6) . .
2 (4.3) 20 (71.4) 37.490 <0.001
45(97.8) 10(35.7) . .
1(2.2) 18 (64.3) 35.187 <0.001
46 (100) 8 (28.6) . .
41 (89.1) 27 (96.4) .
5(10.9) 1(3.6) 1.244 p=0.399
17.(37) 11.(39.3) 1.071 0301
15 (32.6) 5(17.9)
32 (69.6) 16 (57.1)
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Extra hepatic Intra hepatic
Parameters No (%) No (%) 2
46 (100) 28 (100)

Hepatocyte swelling

Present 38 (82.6) 26 (92.9) 1.564 FEp=0.301
Absent 8(17.4) 2 (7.1)
Rosetting
Present 6 (13) 13 (46.4) 14.066* <0.001"
Absent 40(87) 15(53.6%)
Giant cell transformation
o Present 25 (54.3) 18 (64.3) 0.706 0.401
,E Absent 21 (45.7) 10 (35.7)
e Lymphocytic permeation
E Present 2 (4.3) 10 (35.7) 12.604* | FEp=0.001"
2 Absent 44 (95.7) 18 (64.3)
% Extra medullary hematopoiesis
= Present 9 (19.6) 15 (53.6) 9.185* 0.002*
¢ Absent 37 (80.4) 13 (46.4)
Steatosis
Present 1(2.2) 8(28.6) 11.353* FEp=0.001"
Absent 45 (97.8) 20 (71.4)
Microabscess
Present 4 (8.7) 10 (35.7) 8.283* 0.004"
Absent 42 (91.3) 18 (64.3)
x2: Chi square test MC: Monte Carlo FE: Fisher Exact

p: p value for comparison between extra hepatic and intra hepatic NC.
*:Statistically significant at p < 0.05

Fig. 3. A: Strong zone II cytoplas ing of hepatoctes bATGS, black arrows (IHC x
epithelium byATGS, red arrows (IHC x200). C: Negative staining of biliary epithelium for ATGS, yellow circle (IHC x400).

100%-]
80%-1
£ 60%-
&
2
=
40%
20%}
T - T T T T T
0% 20% 40% 60% 80% 100%
100 - Specificity
I3 3
-] = =] & .
3 £ & > >
, o £ = ]
Avc | p 95% C.I = g g Z B
o] o
w2 2
[scoxe 0.627 | 0.058 | 0.494-0.760 | >220 |39.29 | 84.78 | 61.1 | 69.6
(Hepatocytes
IAUC: Area Under a Curve p value: Probability value Cl: Confidence Intervals NPV: Negative

predictive value  PPV: Positive value  *: atps0.05 #Cutoff was
choose according to Youden index

Fig. 4. ROC curve for H-score (Hepatocytes)) to discriminate intrahepatic cases from extratrahepatic cases. Table: Validity (AUC,
sensitivity, specificity) for H-score (Hepatocytes) to discriminate intrahepatic cases from extratrahepatic cases.
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Table 3. Comparison between extrahepatic and intrahepatic NC groups regarding ATGS5 expression.

ATGS expression Extra hepatic Intra hepatic Test of Sig. P value
No = (%) No = (%)
46 (100) 28 (100)
Hepatocyte Expression
Positive 46 (100) 28 (100) NA
Negative 0(0) 0(0)
H-score
Min. — Max. 80 — 280 120 — 280
Mean = SD. 177.17+51.50 | 20429 +£57.05 o 0.063
Median 180 180
" Zone | intensity
f‘gi Mild 2 (4.3) 0 (0) . ey
*i Moderate 30 (65.2) 15 (53.6) 2427 0326
E Strong 14 (30.4) 13 (46.4)
Zone II intensity
Mild 15 (32.6) 5(17.9)
Moderate 27 (58.7) 14 (50) 7_"028: o 0.029"
Strong 4 (8.7) 9 (32.1)
Zone 111 intensity
Mild 32 (69.6) 17 (60.7)
Moderate 14 (30.4) 11(39.3) o).(:o 0.435
Strong 0 (0) 0(0)
E;E’)r:ffv‘;’“ 40 (87) 27 (96.4) = FEp=
Negative 6 (13) 1(3.6) 1.823 0.242
Intensity 25 (62.5)
Mz)\:ligfa . 15 (37.5) 17 (63) = 0,96
é 10 (37) 0.001
E Percentage
& Min. — Max. 1080 10 - 80
Mean =+ SD. 42.75+23.53 374 £ 2431 467=.0 0.342
Median 40 40
Positive (-1-6 25 543 50 oo oo
Negative ( <1)

IQR: Inter quartile range
Fisher Exact test No: Number %: Percent

H-score: Histoscore IRS: Immune reactivity score NA: None applicable

Relationship Between Hepatocyte
Expression and Clinicopathological Parameters

ATGS

SD: Standard deviation *: Significant U= Mann Whitney test, X2: is the Chi square test FE:

Correlation of Hepatocyte ATGS H-Score With
Laboratory

Parameters

In the extrahepatic NC group, overexpression of ATGS
in hepatocytes was significantly associated with absent
gallbladder contractility (P = .005) (Table 4).
Furthermore, hepatocyte ATGS overexpression was
significantly correlated with mild portal tract fibrosis
(P =.038) and mild portal tract lymphocytic infiltrates
(P =.005) (Table 5).

Vol.20, No.4 Fall, 2025

Correlation analysis between hepatocyte ATGS H-
scores and laboratory findings is illustrated in Figure
5. In the extrahepatic NC group, a significant negative
correlation was observed between hepatocyte ATGS
H-score and total protein levels (r = —0.325, P =.028).
In the intrahepatic NC group, significant negative
correlations were detected between hepatocyte ATGS
H-score and both total protein (r = —0.433, P = .022)
and albumin levels (r =-0.527, P = .004).
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Table 4. Relationship between ATGS H-score expression in hepatocyte and radiological data in both extrahepatic and intrahepatic
cholestasis groups.

_ H-score (Hepatocytes) ATGS expression

Extra hepatic U test Intra hepatic U test
Mean = SD. p value Mean = SD. p value
Hepatomegaly
Present - 160 + 34.64 21.0
NA )
Absent 177.17 +51.50 209.60 + 57.34 (0.248)
Splenomegaly
Present 170 180 22.0
NA )
Absent 177.33 £52.07 206.15 + 58.86 (0.762)
GB contractility
Contracted 106.67 +23.09 8.500 175.0 £7.071 17.500
Absent 182.09 + 49.36 (0.005") 206.54 + 58.65 (0.476)

H-score: Histoscore SD: Standard deviation *: Significant U= Mann Whitney test. NA: None Applicable

Table 5. Relationship between ATGS H-score expression in hepatocytes and histopathological parameter in both extrahepatic and
intrahepatic NC groups.

ATGS5 H- ATGS5 H-
score Test of score
Parameters expression in | Sjonificant expression in .Te.st of
EHC ° Significant
Degree of Fibrosis 203.57 = _ 200.50 + _
Mild fibrosis 59.69 0.038" 59.60 N 0.134
Moderate fibrosis 165.63 + L 191.67 + w2y
43.62 39.20
Portal tract edema 212.50 = _
Present 177.11 £ 528 NA — 58.14 82.0 0.537
Absent 180* 19333 + ’
56.14
Bile duct proliferation - _
Present SEES - 0213 | 215+£62.79 D 0.566
Absent 50.23 19.500 200 = 5572 68.500
- 230+ 70.71 )
e ) . .
g Bile ductl;lgs;e);(t)hferatlon 174.89 + A ] 208.0 + 63.91 ]
S Absent 49.66 202.22 + NA
e 280" 54.72
o
= Bile plugs
= 177.17 + 232.50 + =
= -
% }/)xrlf::ﬁ: 51.50 NA 61.12 52.0 0.165
_ 193 £52.73
Degree of Lyn;/}{)iligcytlc infiltrate 184.63 + _ 0.005° 205.19 + A )
Moderate 47.86 27.500" ’ 57.94
116 +40.99 180*
Degree of Neut.rophll infiltrate 189.41 + L 205.45 + L
Mild 50.56 94.0 0.216 46.55 1181 0.554
Moderate + Marked 164.67 + ’ ’ ’
184 +79.25
52.90
Degree of Eosinophil infiltrate _
Mild 181 6868; 43 0.527 2%7'50 * U=90.0 | 0.802
Moderate + Marked 166.43 + 198.0 2.13
45.17 200+ 51.87
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Parameters

ATGS H-
score

expression in

EHC

Test of

Significant

ATGS H-
score

expression in

IHC

Test of

Significant

Hepatocyte swelling
Present
Absent

Resetting
Present
Absent

Giant cell transformation
Present
Absent

Lymphocytic permeation
Present
Absent

sagueyd [ewWAYIUdIEJ

Extra medullary hematopoiesis
Present
Absent

Steatosis
Present
Absent

Microabscess
Present
Absent

SD: Standard deviation

for Relation between H-score (Hepatocytes) ATGS expression and different parameters
EHC: Extrahepatic cholestasis, IHC; Intrahepatic cholestasis.

H-score: Histoscore

1765 +49.95
182.50 +
61.82

178.75 +
49.57
166.67 +
67.43

168.0 +52.99
188.10 +
48.64

171.50 £
55.37
154 +44.50

170 £70.71
177.50 +
51.54

143.33 £
42.13
185.41 £
50.64

260"
175.33 £
50.52

96.500

NA

U=
66.0

U: Mann Whitney test

Tprot

Tprot
-
'

50 100 150

A

Albumin

5.0

200 250

Hscore ATGS

300

0.618

0.397

0.106

0.852

0.051

0.510

202.31 +578
230 +70.71

22692 +
56.18
184.67 £
51.81

196.67 £
55.62
218 +59.96

187 £401
213.89 +
63.63

190.67 +
40.79
220 + 69.88

203.75 £
58.54
204.50 £
57.99

197 +51.43
208.33 £ 61

H: H for Kruskal Wallis test
*: Statistically significant at p < 0.05
NA: None Applicable.

7.0 0.476
s 5?) 0.052
7120 0.382
6. ;00 0.245
1 5:00 0.235
78_:0 0.940
80?5:00 0.654

p: p value

150 200

B Hscoearcs

100

150

200
H score ATGS

250

300

250 300

Fig. 5. (A): Correlation between ATGS H -score and total protein in extrahepatic NC group. (B): Correlation between ATG5 H
score and total protein in intrahepatic NC group (C): Correlation between ATGS H- score and albumin in intrahepatic NC group.
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Relationship Between Biliary Epithelium

ATGS

IRS and

Parameters

The associations between biliary epithelium ATGS
immunoreactivity score (IRS) and radiological as well
as histopathological parameters in both extrahepatic
and intrahepatic NC groups are summarized in Tables
6 and 7. No statistically significant correlations were
identified in either group.

Clinicopathological

In both study groups, no significant associations
were detected between ATGS5 expression in the biliary

epithelium and radiological findings.

In the extrahepatic NC group, overexpression of
ATGS in the biliary epithelium was significantly
associated with the absence of extramedullary
hematopoiesis (P =.036). In the intrahepatic NC group,
ATGS5 overexpression was significantly associated

Rehab M Samaka et al. 439

Correlation of Biliary Epithelium ATGS5
IRS With Laboratory Parameters

Correlation analysis is shown in Figure 6. In the
extrahepatic NC group, no significant correlations
were found between ATGS5 expression in the biliary
epithelium and laboratory parameters. In contrast, in
the intrahepatic NC group, biliary epithelium ATGS
overexpression demonstrated a significant positive
correlation with ALT levels (r = 0.384, P =.044).

Correlation Between Hepatocyte ATGS
H-Score and Biliary Epithelium ATGS IRS

In the extrahepatic NC group, a significant positive
correlation was observed between hepatocyte ATGS
H-scores and biliary epithelium ATGS IRS values (r =
0.595, P <.001). In contrast, no significant correlation
was found between these parameters in the intrahepatic
NC group (table not shown).

with the presence of microabscesses (P =.031) (Tables
6 and 7).

Table 6. Relationship between biliary epithelium ATGS5 IRS and radiological parameters in both extrahepatic and intrahepatic
cholestasis groups.

Extra hepatic NC U test Intra hepatic NC U test
Mean + SD. P value Mean + SD. P value
Hepatomegaly
Present - NA 0.33+0.58 12.50
Absent 1.93+1.54 2.12+1.59 (0.062)
Splenomegaly
Absent 2 A 0.50+0.71 11.50
Present 1.93 +1.56 2.04+1.61 (0.222)
GB contractility
Contracted 0.33+0.58 21.0 2.0£0.0 22.0
Absent 2.05+1.53 (0.053) 1.92 +1.67 (0.762)

SD: Standard deviation
p: p value for comparing between different categories

U: Mann Whitney test NA: none applicable
*: Statistically significant at p <0.05

Table 7. Relationship between biliary epithelium ATGS5 IRS and histopathological parameters in both extrahepatic and intrahepatic
NC groups.

IRS ATG5
expression of

IRS ATGS5
Test of .
Sienificant P expression of Test of
g IHC Significant

value

Parameters
EHC

Degree of Fibrosis

Mild fibrosis 2.07+1.64 210.0 0.730 2.05+1.61 0481 0.786
Moderate fibrosis 1.88 +1.52 ) 1.50 +1.52 )
- Portal tract edema
S Present 1.89£1.53 NA - 2.00£1.59 U=88.50 0.732
g Absent 4.0 1.83+1.70
(=p Bile duct proliferation -~ .
e Present 1.95+1.57 40.0 0.852 2.25£1.58 66.0 0.500
Gl Absent 1.50+0.71 ) 1.80 £ 1.64 )
g Bile ductular proliferation
‘S Present 1.93 £ 1.56 NA - 230+ 1.57 U=70.50 | 0.356
Absent 2.0 1.72 +1.64
Bile plugs _
Present 1.93 +1.54 NA - 1.75+£1.58 74_0 0.784
Absent - 2.00 + 1.65 )
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IRS ATGS Test of IRS ATGS
Parameters expression of S'o;e‘sf Oa it P expression of Test of
EHC lgniticar value THC Significant
Degree of Lymphocytic
mhlate 20+ 1.53 = 0.408 1.85+1.59 NA -
1.40 £ 1.67 78.50 ’ 4.0
Moderate
Degree of Neutrophil infiltrate L L
Mild 1.94 +£1.48 0.970 1.73£1.62 0.510
Moderate + Marked 1.80 £ 1.42 ARl 1.20 £ 1.64 A
Degree of Eosinophil infiltrate _ _
Mild 1.94 +1.54 0.961 1.81+1.47 0.098
Moderate + Marked 1.93 +£1.59 222.0 2.50+1.72 4.637
Hepatocyte swelling L L
Present 1.95+1.58 0.966 1.77 £1.56 0.106
Absent 1.88 £ 1.46 [ 4.00 £ 0.00 U2
Rosetting _ =
Present 1.90 £1.55 0.667 231+1.75 0.339
Absent 2.17 +£1.60 106.50 1.60 £1.45 760
Giant cell transformation L L
Present 1.68 +1.63 0.151 1.94 £ 1.66 0.981
s Absent 224+ 1.41 199.50 1.90 = 1.60 89.50
% Lympho?tic pomestien 1.0+ 1.41 N 0.464 1.94 +1.66 N 0.981
= resent Ox1. . 94 +£1. .
E Absent 1.98 +1.55 29.50 1.90 + 1.60 89.50
2 Extra medullary
[ - - =
£ he“;,ar;‘)slz‘;lteS‘s 1.0+ 1.32 olsgr | 0036 193+167 970 1.000
a3 Absent 2.16 £1.52 ’ 1.92 +1.61 ’
Steatosis 14333 + _
Present 42.13 NA - 2.00 +1.77 7850 0.940
Absent 18541 + 1.90 +£1.59 ’
50.64
Microabscess U= s
Present 2.50+1.73 67.0 0.534 2.80 + 1.40 45.0 0.031"
Absent 1.88+1.53 ) 1.44 +1.54 )
SD: Standard deviation U: Mann Whitney test H: H for Kruskal Wallis test

p: p value for Relation between H-score (Hepatocytes) ATGS expression and different parameters
*. Statistically significant at p <0.05 H-score: Histoscore EHC: Extrahepatic cholestasis,
IHC,; intrahepatic cholestasis.

43

® wme o . r,=0384
38 p=0.044°

IRS ATGS

0 Sq'm 1n'm| lslcm 21;0" 2500
. ALT
Fig. 6. Correlation between ATGS IRS and ALT level in intrahepatic NC group.

Discussion

Neonatal cholestasis (NC), characterized by in diagnostic modalities (11). The exact pathogenesis
persistent conjugated hyperbilirubinemia, remains a of biliary atresia (BA), the leading cause of NC, is still
significant diagnostic challenge despite advancements unclear (12).
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In the present study, patients with extrahepatic NC
had significantly higher ALKP and GGT levels.
Similarly, Agin et al reported that serum GGT levels
were significantly higher in BA than in non-BA groups
(P < .001) (13). Conversely, San et al found that
markedly elevated GGT and ALKP levels may also
occur in intrahepatic cholestasis caused by ductopenia,
cholangitic congenital hepatic fibrosis,
cytomegalovirus infection, PFIC type III, and
inspissated bile syndrome (14). Both GGT and ALKP
are recognized biochemical markers of cholestasis.
Increased GGT activity is associated with primary and
secondary hepatobiliary disorders, whereas sustained
ALKP elevation is more often linked to liver and bone
pathology (15). As bile acids accumulate in the liver,
they disrupt hepatocyte membranes, releasing GGT
and ALKP, while also stimulating ALKP synthesis
(16). Elevated serum GGT is therefore considered a
reliable marker of bile duct injury (17).

Histopathological assessment was particularly
valuable in differentiating intrahepatic = from
extrahepatic cholestasis in this study. Extrahepatic
cases were characterized by portal tract changes—
fibrosis, edema, bile duct proliferation, ductular
proliferation, and bile plugs—whereas intrahepatic
cases were more frequently associated with
parenchymal alterations, including extramedullary
hematopoiesis (EMH). These findings are consistent
with Bilal et al, who observed bile duct proliferation,
bile plugs, periportal edema, and fibrosis in all BA
patients (18). Portal fibrosis is thought to arise from
hepatic stellate cell activation, which drives type I
collagen deposition (19). Ductular proliferation may
result from pro-inflammatory cytokine signaling, such
as osteopontin, or from biliary differentiation of
progenitor cells and trans-differentiation of periportal
hepatocytes into biliary-type cells (20). Kandil et al
also reported that EMH was absent or rare in most BA
cases but significantly more frequent in non-BA
patients (21). However, Russo et al found no difference
between BA and non-BA cases regarding
hepatocellular swelling and EMH (22). EMH may
reflect residual fetal hepatic hematopoiesis or
pathological responses to infection, tumors, anemia, or
metabolic stress (23,24). Infection remains one of the
most important causes of intrahepatic cholestasis (25).

Autophagy is a lysosome-mediated recycling
pathway that maintains cellular homeostasis by
degrading damaged organelles, proteins, and
intracellular pathogens (4). Autophagy dysfunction has
been implicated in diverse liver diseases, including
NAFLD, alcoholic liver disease, drug-induced injury,
cholestasis, viral hepatitis, and hepatocellular
carcinoma (4). In cholestatic liver disease, the role of
autophagy is complex and appears to depend on timing
(early inflammation vs later bile acid injury) and cell
type (hepatocytes vs bile duct epithelium) (26).

Our findings demonstrated significantly higher
ATGS expression in zone II hepatocytes in intrahepatic
NC. This is notable, as hepatocyte repopulation in
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zones I and III is modulated by proliferation originating
from zone II (27). Evidence suggests autophagy is
essential for maintaining liver progenitor cell (LPC)
function. Cheng et al demonstrated that LPCs exhibit
higher autophagic activity than differentiated
hepatocytes, and ATGS5 knockdown impaired LPC
self-renewal, proliferation, and hepatic differentiation
(28). Furthermore, inhibition of autophagy sensitized
LPCs to senescence, while Ma et al reported that ATGS
suppression severely impaired LPC differentiation
(29).

We also observed significant associations between
hepatocyte ATGS overexpression and reduced serum
total protein and albumin levels. Cholestasis results
from impaired bile formation or excretion (30).
Prolonged hepatocellular dysfunction reduces albumin
synthesis, leading to hypoalbuminemia, a common
finding in chronic liver disease (31). Experimental
models show that autophagy stimulation during
cholestasis reduces liver injury (26). In BA,
autophagosome accumulation and elevated mitophagy
markers in hepatocytes further support autophagy
induction (32). ATGS plays a central role in protein
homeostasis. Its loss, or that of other autophagy
regulators such as ATG7, results in endoplasmic
reticulum stress, mitochondrial dysfunction, oxidative
stress, and impaired protein synthesis (33). mTORCI,
a major negative regulator of autophagy, promotes
protein synthesis but is itself modulated by autophagy-
related proteins, including p62/SQSTMI1, which
interacts with mTOR-raptor to regulate amino acid
sensing (34,35). Thus, autophagy can indirectly self-
regulate by modulating mMTORC1 and protein synthesis
(306).

In  extrahepatic NC, hepatocyte ATGS5
overexpression was significantly associated with
absent gallbladder contractility. This aligns with
previous  studies showing that  gallbladder
abnormalities—absence,  small  size, irregular
morphology, abnormal wall thickness, and lack of
contraction—are reliable ultrasound features for
diagnosing BA (37-39). Embryologically, the hepatic
diverticulum gives rise to the liver, intrahepatic and
extrahepatic bile ducts, cystic duct, and gallbladder
(40). The Notch signaling pathway, essential for biliary
morphogenesis, regulates cholangiocyte differentiation
from LPCs. Notch deficiency leads to bile duct
malformation and cholestasis requiring liver
transplantation (41). Autophagy is critical for
maintaining biliary epithelium homeostasis and
progenitor cell function (42). Notably, autophagy
inversely regulates biliary differentiation via mTOR-
Notch signaling: mTOR inhibition (e.g., by rapamycin
or nutrient deprivation) enhances autophagy,
suppressing Notch signaling and biliary differentiation,
whereas mTOR activation suppresses autophagy and
promotes  Notch-STAT3—-mediated cholangiocyte
differentiation (42).

The present study demonstrated a significant
association between hepatocyte ATGS overexpression
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in extrahepatic NC and the absence of portal tract
fibrosis as well as the presence of only mild
lymphocytic infiltrates. Autophagy may exert anti-
fibrotic effects by inducing apoptosis of hepatic stellate
cells (HSCs), facilitating degradation of pro-fibrotic
mediators such as collagen and metalloproteinases, and
reducing exosome-mediated profibrotic signaling (43).

ATGS5 also plays a critical role in immune
regulation. Innate lymphoid cells and natural killer
(NK) cells require ATGS for maturation and survival,
particularly during homeostatic proliferation under
lymphopenic conditions (44). Similarly, ATGS5
deficiency has been shown to reduce thymic cellularity
and peripheral T-cell counts by enhancing apoptosis,
underscoring its importance in T-cell homeostasis (45).

In the present study, overexpression of ATGS5 in the
biliary epithelium showed a significant positive
correlation with serum ALT levels. Elevated ALT is a
marker of hepatocellular injury, ranging from minor to
severe (46). In the liver, tumor necrosis factor o
(TNFa) is a common mediator of hepatocellular death.
Autophagy prevents TNFa-induced injury by
inhibiting caspase-8 activation and the mitochondrial
apoptotic pathway, suggesting that autophagy may
serve as a therapeutic target in TNF-dependent tissue
injury (47).

Within the intrahepatic NC group, biliary
epithelium ATGS5 overexpression was significantly
associated with the presence of microabscesses.
Autophagy has been shown to exert protective effects
in sepsis by modulating macrophage polarization and
suppressing inflammasome activation (48). Under
septic conditions, autophagy activation via ATF4
protects liver function (49), which may explain this
association.

In contrast, in the extrahepatic NC group, ATG5
overexpression in biliary epithelium was significantly
associated with the absence of extramedullary
hematopoiesis (EMH). Autophagy-related proteins are
critical for hematopoiesis (50), and hematopoietic cell—
specific ATGS deficiency results in lymphopenia,
anemia, and survival defects (51).

The present study also revealed significant positive
correlations between hepatocyte ATGS H-scores and
biliary epithelium ATGS IRS values in the extrahepatic
NC group. This finding may reflect crosstalk between
resident and non-resident liver cells during cholestatic
injury. Multiple cell types, including cholangiocytes,
HSCs, portal fibroblasts, and vascular cells, interact in
the setting of cholestasis to drive liver damage and
fibrosis (52). Cholangiocyte injury, in particular,
initiates a cascade of cellular signaling that promotes
ductular reaction, biliary and bridging fibrosis, and
eventual progression to chronic liver disease and
cirrhosis (52).

Cholestasis induces hepatic bile acid accumulation,
which disrupts transport and homeostatic mechanisms,
promoting fibrosis through interactions with portal
fibroblasts and HSCs. Angiogenesis is closely linked to
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biliary fibrosis, with angiocrine signaling between
portal fibroblasts, HSCs, and endothelial cells
contributing to disease progression. Furthermore,
immune cell infiltration during cholestasis and
cholangiopathies exacerbates fibrogenesis, with
different immune subsets exerting distinct effects on
portal fibroblasts, HSCs, and cholangiocytes (53).

Conclusion

In extrahepatic NC, portal tract changes were more
prominent, whereas in intrahepatic NC, parenchymal
alterations predominated. ATG5 expression may serve
as a useful adjunctive marker, alongside
histopathological features, to help distinguish
intrahepatic from extrahepatic NC.

Our findings suggest that ATG5 may play a dual
role in NC. In extrahepatic NC, ATGS5 overexpression
appeared protective, being associated with only mild
fibrosis and mild inflammation. In contrast, in
intrahepatic NC, ATGS5 overexpression was linked to
elevated ALT levels, suggesting a potential
contribution to hepatocellular injury. The preferential
overexpression of ATGS in zone II hepatocytes further
supports its role in maintaining hepatic regeneration
and protecting against injury.

Taken together, ATGS may represent a promising
surrogate diagnostic marker and a potential therapeutic
target in neonatal cholestasis.

Data Availability
There is no additional data separate from available
in cited references.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sector.

Ethics Approval:

Prior to the commencement of the study, each
participant completed a written consent that was
authorized by Menoufia Faculty of Medicine’s local
Ethical Research Committee. Additionally, the
Institutional Review Board was obtained [IBR No:
2/2020PATHA40].

Authorship Contributions

RMS revised the results and shared in manuscript
writing and editing. HSE established the concept of the
study and analyzed data. AMK constructed the idea,
shared in interpreting the results, and revised the
manuscript. SME provided the study design and
conducted data analysis. RMS applied clinical studies,
collected data, and shared in writing the manuscript.
HSE and SME collected data, analyzed results and
prepared manuscript. All authors read, revised and
approved the final manuscript

Conflict of Interest
The authors declared no conflict of interest.

IRANIAN JOURNAL OF PATHOLOGY



References
|

10.

11.

12.

13.

Karpen SJ. Pediatric Cholestasis: Epidemiology,
Genetics, Diagnosis, and Current Management. Clin
Liver Dis (Hoboken). 2020;15(3):115-9.
[DOI:10.1002/¢c1d.895] [PMID] [PMCID]

El-Guindi MA, Saber MA, Shoeir SA, Abdallah AR,
Sira AM. Variant etiologies of neonatal cholestasis and
their outcome: a Middle East single-center experience.
Clin Exp Hepatol. 2021;7(2):205-14.
[DOI:10.5114/ceh.2021.107066] [PMID] [PMCID]

Lin PW, Chu ML, Liu HS. Autophagy and metabolism.
Kaohsiung J Med Sci. 2021;37(1):12-9.
[DOI:10.1002/kjm2.12299] [PMID] [PMCID]

Kouroumalis E, Voumvouraki A, Augoustaki A,
Samonakis DN. Autophagy in liver diseases. World J
Hepatol. 2021;13(1):6-65. [DOI:10.4254/wjh.v13.i1.6]
[PMID] [PMCID]

Cao W, Li J, Yang K, Cao D. An overview of
autophagy: Mechanism, regulation and research
progress. Bull Cancer. 2021;108(3):304-22.
[DOI:10.1016/j.bulcan.2020.11.004] [PMID]

Lee WS, Looi LM. Usefulness of a scoring system in the
interpretation of histology in neonatal cholestasis.
World J Gastroenterol. 2009;15(42):5326-33.
[DOI:10.3748/wjg.15.5326] [PMID] [PMCID]

El-Araby HA, Saber MA, Radwan NM, Taie DM,
Adawy NM, Sira AM. Temporal histopathological
changes in biliary atresia: A perspective for rapid
fibrosis progression. Ann Hepatol. 2021;21:100263.
[DOI:10.1016/j.a0hep.2020.09.007] [PMID]

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J,
Gudat F, et al. Histological grading and staging of
chronic hepatitis. J Hepatol. 1995;22(6):696-9.
[DOI:10.1016/0168-8278(95)80226-6] [PMID]

Choi JH, Cho YS, Ko YH, Hong SU, Park JH, Lee MA.
Absence of autophagy-related proteins expression is
associated with poor prognosis in patients with
colorectal adenocarcinoma. Gastroenterol Res Pract.
2014;2014:179586. [DOI:10.1155/2014/179586]
[PMID] [PMCID]

Dawson B, Trapp RG. Basic & clinical biostatistics.
Basic & clinical biostatistics2004. p. 438-. [EBOOK]

Feldman AG, Sokol RJ. Recent developments in
diagnostics and treatment of neonatal cholestasis. Semin
Pediatr Surg. 2020;29(4):150945. [PMID] [PMCID]
[DOI:10.1016/j.sempedsurg.2020.150945]

Wu LN, Zhu ZJ, Sun LY. Genetic Factors and Their
Role in the Pathogenesis of Biliary Atresia. Front
Pediatr. 2022;10:912154.
[DOI:10.3389/fped.2022.912154] [PMID] [PMCID]

Agin M, Tumgor G, Alkan M, Ozden O, Satar M,
Tuncer R. Clues to the diagnosis of biliary atresia in
neonatal  cholestasis.  Turk J  Gastroenterol.

Vol.20, No.4 Fall, 2025

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rehab M Samaka et al. 443

2016;27(1):37-41.
[PMID]

[DOI:10.5152/tjg.2015.150379]

Sari S, EGRITAS GURKAN O, Baris Z, Unlusoy A,
Bukulmez A, Dalgic B. Infantile cholestatic liver
diseases: retrospective analysis of 190 cases. TURK
PEDIATRI ARSIVI-TURKISH ARCHIVES OF
PEDIATRICS. 2012:47(3).

Gowda S, Desai PB, Hull VV, Math AA, Vernekar SN,
Kulkarni SS. A review on laboratory liver function tests.
Pan Afr Med J. 2009;3:17. [PMID] [PMCID]

Pollock G, Minuk GY. Diagnostic considerations for
cholestatic liver disease. J Gastroenterol Hepatol.
2017;32(7):1303-9. [DOI:10.1111/jgh.13738] [PMID]

Lin H, Zhou X, Zhang Z. The Diagnostic Value of GGT-
Based Biochemical Indicators for Choledocholithiasis
with Negative Imaging Results of Magnetic Resonance
Cholangiopancreatography. Contrast Media Mol
Imaging. 2022;2022:7737610.
[DOI:10.1155/2022/7737610] [PMID] [PMCID]

Bilal H, Irshad M, Shahzadi N, Hashmi A, Ullah H.
Neonatal Cholestasis: The Changing Etiological
Spectrum in Pakistani Children. Cureus. 2022;
14(6):25882. [DOI:10.7759/cureus.25882]

Nishio T, Hu R, Koyama Y, Liang S, Rosenthal SB,
Yamamoto G, et al. Activated hepatic stellate cells and
portal fibroblasts contribute to cholestatic liver fibrosis
in MDR2 knockout mice. J Hepatol. 2019;71(3):573-85.
[DOI:10.1016/j.jhep.2019.04.012] [PMID]

Baghdasaryan A, Ofner-Ziegenfuss L, Lackner C,
Fickert P, Resch B, Morris NM, et al. Histological
demonstration of BSEP/ABCBI11 inhibition in transient
neonatal cholestasis: a case report. BMC Pediatr.
2020;20(1):340. [DOI:10.1186/s12887-020-02201-x]
[PMID] [PMCID]

El-Azab DS, Aiad HA, Kandil MA, Tantawy MS, El-
Goday SF. Clinicopathological differentiation between
biliary atresia and other causes of neonatal cholestasis.
Menoufia  Medical  Journal.  2019;32(1):151-9.
[DOI:10.4103/mmj.mmj_366_16]

Russo P, Magee JC, Boitnott J, Bove KE, Raghunathan
T, Finegold M, et al. Design and validation of the biliary
atresia research consortium histologic assessment
system for cholestasis in infancy. Clin Gastroenterol
Hepatol. 2011;9(4):357-62 e2.
[DOI:10.1016/j.cgh.2011.01.003] [PMID] [PMCID]

Rivella S. Ineffective erythropoiesis and thalassemias.
Curr Opin Hematol. 2009;16(3):187-94. [PMID]
[PMCID] [DOI:10.1097/MOH.0b013e32832990a4]

Yang X, Chen D, Long H, Zhu B. The mechanisms of
pathological extramedullary hematopoiesis in diseases.
Cell Mol Life Sci. 2020;77(14):2723-38.

[DOI:10.1007/s00018-020-03450-w] [PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1002/cld.895
https://www.ncbi.nlm.nih.gov/pubmed/32685137
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346681
https://doi.org/10.5114/ceh.2021.107066
https://www.ncbi.nlm.nih.gov/pubmed/34295989
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8284164
https://doi.org/10.1002/kjm2.12299
https://www.ncbi.nlm.nih.gov/pubmed/33021078
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11896468
https://doi.org/10.4254/wjh.v13.i1.6
https://www.ncbi.nlm.nih.gov/pubmed/33584986
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7856864
https://doi.org/10.1016/j.bulcan.2020.11.004
https://www.ncbi.nlm.nih.gov/pubmed/33423775
https://doi.org/10.3748/wjg.15.5326
https://www.ncbi.nlm.nih.gov/pubmed/19908342
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776861
https://doi.org/10.1016/j.aohep.2020.09.007
https://www.ncbi.nlm.nih.gov/pubmed/33007429
https://doi.org/10.1016/0168-8278(95)80226-6
https://www.ncbi.nlm.nih.gov/pubmed/7560864
https://doi.org/10.1155/2014/179586
https://www.ncbi.nlm.nih.gov/pubmed/24723943
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3960741
https://www.google.com/books/edition/Basic_Clinical_Biostatistics_4_E_EBOOK/p6hu-qU2zpsC?hl=en
https://www.ncbi.nlm.nih.gov/pubmed/32861449
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7459146
https://doi.org/10.1016/j.sempedsurg.2020.150945
https://doi.org/10.3389/fped.2022.912154
https://www.ncbi.nlm.nih.gov/pubmed/35844731
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9277099
https://doi.org/10.5152/tjg.2015.150379
https://www.ncbi.nlm.nih.gov/pubmed/26728861
https://pubmed.ncbi.nlm.nih.gov/21532726/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2984286/
https://doi.org/10.1111/jgh.13738
https://www.ncbi.nlm.nih.gov/pubmed/28106928
https://doi.org/10.1155/2022/7737610
https://www.ncbi.nlm.nih.gov/pubmed/35949700
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9348969
https://doi.org/10.7759/cureus.25882
https://doi.org/10.1016/j.jhep.2019.04.012
https://www.ncbi.nlm.nih.gov/pubmed/31071368
https://doi.org/10.1186/s12887-020-02201-x
https://www.ncbi.nlm.nih.gov/pubmed/32646411
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7346433
https://doi.org/10.4103/mmj.mmj_366_16
https://doi.org/10.1016/j.cgh.2011.01.003
https://www.ncbi.nlm.nih.gov/pubmed/21238606
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3400532
https://www.ncbi.nlm.nih.gov/pubmed/19318943
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3703923
https://doi.org/10.1097/MOH.0b013e32832990a4
https://doi.org/10.1007/s00018-020-03450-w
https://www.ncbi.nlm.nih.gov/pubmed/31974657
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11104806

444 Autophagy-Related Gene 5 (ATGS)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mahmud S, Gulshan J, Parvez M, Tasneem F, Ahmed
SS. Etiology and outcome of neonatal cholestasis: an
experience in a tertiary center of Bangladesh. Egyptian
Liver Journal. 2022;12(1):1. [DOI:10.1186/s43066-
021-00168-7]

Panzitt K, Fickert P, Wagner M. Regulation of
autophagy by bile acids and in cholestasis -
CholestoPHAGY or CholeSTOPagy. Biochim Biophys
Acta Mol Basis Dis. 2021;1867(2):166017.
[DOI:10.1016/j.bbadis.2020.166017] [PMID]

Kubota N, Kubota T, Kadowaki T. Midlobular zone 2
hepatocytes: A gatekeeper of liver homeostasis. Cell
Metab. 2021;33(5):855-6.
[DOI:10.1016/j.cmet.2021.04.005] [PMID]

Cheng Y, Wang B, Zhou H, Dang S, Jin M, Shi Y, et al.
Autophagy is Required for the Maintenance of Liver
Progenitor Cell Functionality. Cell Physiol Biochem.
2015;36(3):1163-74. [DOIL:10.1159/000430287]
[PMID]

Ma Z, Li F, Chen L, Gu T, Zhang Q, Qu Y, et al.
Autophagy promotes hepatic differentiation of hepatic
progenitor cells by regulating the Wnt/beta-catenin
signaling pathway. J Mol Histol. 2019;50(1):75-90.
[DOI:10.1007/s10735-018-9808-x] [PMID] [PMCID]

Onofrio FQ, Hirschfield GM. The Pathophysiology of
Cholestasis and Its Relevance to Clinical Practice. Clin
Liver Dis (Hoboken). 2020;15(3):110-4.
[DOI:10.1002/¢c1d.894] [PMID] [PMCID]

Bernardi M, Angeli P, Claria J, Moreau R, Gines P,
Jalan R, et al. Albumin in decompensated cirrhosis: new
concepts and perspectives. Gut. 2020;69(6):1127-38.
[DOI:10.1136/gutjnl-2019-318843] [PMID] [PMCID]

Xiao Y, Zhou Y, Lu 'Y, Zhou K, Cai W. PHB?2 interacts
with LC3 and SQSTM1 is required for bile acids-
induced mitophagy in cholestatic liver. Cell Death Dis.
2018;9(2):160. [DOI:10.1038/s41419-017-0228-8]
[PMID] [PMCID]

Antonucci L, Fagman JB, Kim JY, Todoric J, Gukovsky
I, Mackey M, et al. Basal autophagy maintains
pancreatic acinar cell homeostasis and protein synthesis
and prevents ER stress. Proc Natl Acad Sci U S A.
2015;112(45):E6166-74.
[DOI:10.1073/pnas.1519384112] [PMID] [PMCID]

Onodera J, Ohsumi Y. Autophagy is required for
maintenance of amino acid levels and protein synthesis
under nitrogen  starvation. J Biol Chem.
2005;280(36):31582-6.
[DOI:10.1074/jbc.M506736200] [PMID]

Duran A, Amanchy R, Linares JF, Joshi J, Abu-Baker
S, Porollo A, et al. p62 is a key regulator of nutrient
sensing in the mTORCI1 pathway. Mol Cell
2011;44(1):134-46.

[DOI:10.1016/j.molcel.2011.06.038] [PMID] [PMCID]

Lindqvist LM, Tandoc K, Topisirovic I, Furic L. Cross-
talk between protein synthesis, energy metabolism and
autophagy in cancer. Curr Opin Genet Dev.

Vol.20, No.4 Fall, 2025

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

2018;48:104-11.
[PMID] [PMCID]

[DOI:10.1016/j.gde.2017.11.003]

Aziz S, Wild Y, Rosenthal P, Goldstein RB. Pseudo
gallbladder sign in biliary atresia--an imaging pitfall.
Pediatr Radiol. 2011;41(5):620-6; quiz  81-2.
[DOI:10.1007/s00247-011-2019-1] [PMID] [PMCID]

Humphrey TM, Stringer MD. Biliary atresia: US
diagnosis. Radiology. 2007;244(3):845-51.
[DOI:10.1148/radiol.2443061051] [PMID]

Zhou L, Shan Q, Tian W, Wang Z, Liang J, Xie X.
Ultrasound for the Diagnosis of Biliary Atresia: A Meta-
Analysis. AJR Am J Roentgenol. 2016;206(5):W73-82.
[DOI:10.2214/AJR.15.15336] [PMID]

Hunter MP, Wilson CM, Jiang X, Cong R, Vasavada H,
Kaestner KH, et al. The homeobox gene Hhex is
essential for proper hepatoblast differentiation and bile
duct morphogenesis. Dev Biol. 2007;308(2):355-67.
[DOI:10.1016/j.ydbio.2007.05.028] [PMID] [PMCID]

Martinez Lyons A, Boulter L. The developmental
origins of Notch-driven intrahepatic bile duct disorders.
Dis Model Mech. 2021;14(9).
[DOI:10.1242/dmm.048413] [PMID] [PMCID]

Tomaipitinca L, Mandatori S, Mancinelli R, Giulitti F,
Petrungaro S, Moresi V, et al. The Role of Autophagy
in Liver Epithelial Cells and Its Impact on Systemic
Homeostasis. Nutrients. 2019;11(4)
[DOI:10.3390/nu11040827] [PMID] [PMCID]

Lucantoni F, Martinez-Cerezuela A, Gruevska A,
Moragrega AB, Victor VM, Esplugues JV, et al.
Understanding the implication of autophagy in the
activation of hepatic stellate cells in liver fibrosis: are
we there yet? J Pathol. 2021;254(3):216-28.
[DOI:10.1002/path.5678] [PMID]

O'Sullivan TE, Geary CD, Weizman OE, Geiger TL,
Rapp M, Dorn GW, 2nd, et al. Atg5 Is Essential for the
Development and Survival of Innate Lymphocytes. Cell
Rep. 2016;15(9):1910-9.

[DOI:10.1016/j.celrep.2016.04.082] [PMID] [PMCID]

Riffelmacher T, Simon AK. Mechanistic roles of
autophagy in hematopoietic differentiation. FEBS J.
2017;284(7):1008-20. [DOIL:10.1111/febs.13962]
[PMID]

Lala V, Zubair M, Minter D. Liver function tests.
StatPearls. 2023. [NBK482489]

Ding WX. Induction of autophagy, a promising
approach for treating liver injury. Hepatology.
2014;59(1):340-3. [DOI:10.1002/hep.26572] [PMID]
[PMCID]

Aki T, Unuma K, Uemura K. Emerging roles of
mitochondria and autophagy in liver injury during
sepsis. Cell Stress. 2017;1(2):79-89.
[DOI:10.15698/cst2017.11.110] [PMID] [PMCID]

Xiong X, Ren Y, Cui Y, Li R, Wang C, Zhang Y.
Obeticholic acid protects mice against
lipopolysaccharide-induced liver injury and

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1186/s43066-021-00168-7
https://doi.org/10.1186/s43066-021-00168-7
https://doi.org/10.1016/j.bbadis.2020.166017
https://www.ncbi.nlm.nih.gov/pubmed/33242590
https://doi.org/10.1016/j.cmet.2021.04.005
https://www.ncbi.nlm.nih.gov/pubmed/33951471
https://doi.org/10.1159/000430287
https://www.ncbi.nlm.nih.gov/pubmed/26111576
https://doi.org/10.1007/s10735-018-9808-x
https://www.ncbi.nlm.nih.gov/pubmed/30604254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6323068
https://doi.org/10.1002/cld.894
https://www.ncbi.nlm.nih.gov/pubmed/32257122
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7128027
https://doi.org/10.1136/gutjnl-2019-318843
https://www.ncbi.nlm.nih.gov/pubmed/32102926
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282556
https://doi.org/10.1038/s41419-017-0228-8
https://www.ncbi.nlm.nih.gov/pubmed/29416008
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833850
https://doi.org/10.1073/pnas.1519384112
https://www.ncbi.nlm.nih.gov/pubmed/26512112
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4653219
https://doi.org/10.1074/jbc.M506736200
https://www.ncbi.nlm.nih.gov/pubmed/16027116
https://doi.org/10.1016/j.molcel.2011.06.038
https://www.ncbi.nlm.nih.gov/pubmed/21981924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3190169
https://doi.org/10.1016/j.gde.2017.11.003
https://www.ncbi.nlm.nih.gov/pubmed/29179096
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5869074
https://doi.org/10.1007/s00247-011-2019-1
https://www.ncbi.nlm.nih.gov/pubmed/21409545
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3076559
https://doi.org/10.1148/radiol.2443061051
https://www.ncbi.nlm.nih.gov/pubmed/17709832
https://doi.org/10.2214/AJR.15.15336
https://www.ncbi.nlm.nih.gov/pubmed/27010179
https://doi.org/10.1016/j.ydbio.2007.05.028
https://www.ncbi.nlm.nih.gov/pubmed/17580084
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2045067
https://doi.org/10.1242/dmm.048413
https://www.ncbi.nlm.nih.gov/pubmed/34549776
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8480193
https://doi.org/10.3390/nu11040827
https://www.ncbi.nlm.nih.gov/pubmed/30979078
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6521167
https://doi.org/10.1002/path.5678
https://www.ncbi.nlm.nih.gov/pubmed/33834482
https://doi.org/10.1016/j.celrep.2016.04.082
https://www.ncbi.nlm.nih.gov/pubmed/27210760
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4889506
https://doi.org/10.1111/febs.13962
https://www.ncbi.nlm.nih.gov/pubmed/27860274
https://www.ncbi.nlm.nih.gov/books/NBK482489/
https://doi.org/10.1002/hep.26572
https://www.ncbi.nlm.nih.gov/pubmed/23775596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4096158
https://doi.org/10.15698/cst2017.11.110
https://www.ncbi.nlm.nih.gov/pubmed/31225438
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6551821

50.

51.

inflammation. Biomed Pharmacother. 2017;96:1292-8.
[DOI:10.1016/j.biopha.2017.11.083] [PMID]

Mortensen M, Soilleux EJ, Djordjevic G, Tripp R,
Lutteropp M, Sadighi-Akha E, et al. The autophagy
protein Atg7 is essential for hematopoietic stem cell
maintenance. J Exp Med. 2011;208(3):455-67.
[DOI:10.1084/jem.20101145] [PMID] [PMCID]

Jung HE, Shim YR, Oh JE, Oh DS, Lee HK. The
autophagy Protein Atg5 Plays a Crucial Role in the
Maintenance and  Reconstitution ~ Ability  of
Hematopoietic ~ Stem  Cells. Immune  Netw.
2019;19(2):e12. [DOI:10.4110/in.2019.19.¢12] [PMID]
[PMCID]

Vol.20, No.4 Fall, 2025

52.

53.

Rehab M Samaka et al. 445

Thomson J, Hargrove L, Kennedy L, Demieville J,
Francis H. Cellular crosstalk during cholestatic liver
injury. Liver Res. 2017;1(1):26-33.
[DOI:10.1016/].livres.2017.05.002] [PMID] [PMCID]

Ceci L, Gaudio E, Kennedy L. Cellular Interactions and
Crosstalk Facilitating Biliary Fibrosis in Cholestasis.
Cell Mol Gastroenterol Hepatol. 2024;17(4):553-65.

[DOI:10.1016/j.jemgh.2024.01.005] [PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1016/j.biopha.2017.11.083
https://www.ncbi.nlm.nih.gov/pubmed/29174575
https://doi.org/10.1084/jem.20101145
https://www.ncbi.nlm.nih.gov/pubmed/21339326
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3058574
https://doi.org/10.4110/in.2019.19.e12
https://www.ncbi.nlm.nih.gov/pubmed/31089439
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6494762
https://doi.org/10.1016/j.livres.2017.05.002
https://www.ncbi.nlm.nih.gov/pubmed/29552372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5854144
https://doi.org/10.1016/j.jcmgh.2024.01.005
https://www.ncbi.nlm.nih.gov/pubmed/38216052
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10883986

