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Background & Objective: Neonatal cholestasis (NC) is a significant clinical condition
involving hepatobiliary dysfunction, often accompanied by immunological alterations
regardless of etiology. Human leukocyte antigens (HLA) molecules, particularly classes
I and II, play roles in autoimmune liver diseases. Previous studies showed inconsistent
results regarding their expression in hepatocytes and cholangiocytes under normal and
pathological conditions. This study aimed to evaluate immunohistochemical expression
of HLA I and II in NC.

Methods: A retrospective analysis included 45 pediatric NC cases: 27 with biliary atresia
(BA), 13 with progressive familial intrahepatic cholestasis (PFIC), and 5 with idiopathic
neonatal hepatitis (INH). Twenty normal liver samples from adult transplant donors
served as controls. Immunohistochemistry was used to evaluate HLA I and II expression
in hepatocytes and cholangiocytes.

Results: Control livers lacked detectable HLA I and II expression. In NC cases, HLA I
was expressed in hepatocytes (84.4%) and all cholangiocytes, while HLA II was
expressed in both cell types across all cases. BA cases showed significantly higher
cholangiocyte expression of HLA I (p = 0.001) and II (p < 0.001) compared to PFIC and
INH. HLA T expression was linked to cholangiocyte proliferation (p = 0.005) and
inversely with lobular inflammation (p = 0.027). Strong HLA II expression in hepatocytes
correlated with severe portal inflammation (p = 0.048), while in cholangiocytes, to
proliferation, neutrophilic cholangitis (p = 0.05), and mild lobular inflammation (p =
0.043).

Conclusion: HLA I and II are upregulated in NC, especially in BA, which correlates
with disease severity, suggesting a role in pathogenesis.
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Introduction

Neonatal cholestasis (NC)

an important encoded on chromosome 6 and are crucial for antigen

hepatobiliary disorder in infancy characterized by
impaired bile excretion and conjugated
hyperbilirubinemia (1,2). It encompasses several
etiologies including biliary atresia (BA), progressive
familial intrahepatic cholestasis (PFIC), and idiopathic
neonatal hepatitis (INH), which represent the most
common subtypes (3—5). The underlying mechanisms
of these conditions remain complex and multifactorial,
involving genetic, infectious, and immune-mediated
processes that lead to chronic bile duct injury and
hepatocellular inflammation (6-8). The immune
response, particularly the expression of human
leukocyte antigens (HLA), plays a pivotal role in
modulating hepatic inflammation. HLA molecules are
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presentation to T cells. HLA class I molecules are
expressed on all nucleated cells, whereas class II
molecules have more restricted expression and typically
require activation by cytokines such as interferon-y
(IFN-y) (9). Class 1 molecules are crucial for
recognizing and eliminating virally infected or
transformed cells, whereas class II molecules
orchestrate adaptive immune responses (9-11).
Previous research on hepatic HLA expression has
yielded conflicting results. Calmus et al. demonstrated
that cholestasis itself can trigger aberrant HLA class I
expression on hepatocytes even in the absence of
immune activation (12). Conversely, Barnes et al. and
studies using the rotavirus-induced (RRV) biliary
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atresia model reported cytokine-driven upregulation of
both HLA classes I and II in cholangiocytes,
implicating an immune-mediated mechanism (13).
These inconsistencies highlight the need for
clarification of HLA expression patterns in neonatal
cholestatic diseases based on human liver tissue.
Therefore, the present study aimed to investigate the
immunohistochemical expression of HLA classes I and
II in different subtypes of neonatal cholestasis and to
correlate their expression with histopathological
features, to better understand the immunopathological
basis and potential prognostic relevance of HLA
upregulation in these conditions.

Materials and Methods

This retrospective study analyzed consecutive 45
liver tissue samples from pediatric patients diagnosed
with NC alongside 20 normal liver specimens serving
as a control group (11). Control group were obtained
from potential adult liver transplant donors (age range:
18-45 years; sex distribution: 12 males, 8 females) as
neonatal donor tissues are not available in our setting
for ethical and practical reasons.

All specimens were liver biopsies previously
obtained through a Tru-cut needle 14-gauge (G) by
ultrasound guidance for diagnostic or management
reasons. All specimens were retrieved from the
Pathology Department's archives between 2022 and
2024. Complete blood count, liver function tests and
abdominal ultrasonography (US) findings were
retrieved from patient’s medical records. Formalin
fixed, paraffin embedded blocks were sectioned and
stained for histopathological assessment. Two
independent  histopathologists  evaluated  the
histological  features, including cholangiocyte
proliferation, portal tract inflammation, portal fibrosis
and lobular necroinflammation, in accordance with the
criteria established by Russo et al (14). The study
protocol was approved by the National Liver Institute,
Menoufia university ethical committee (IRB number
00748/2025). Inclusion criteria involved patients under
18 years of age with biopsy-confirmed NC (BA, PIFC,
INH). Each case was included in the overall analysis;
however, only the variable with incomplete data was
omitted for the particular case. Other subtypes of NC
(e.g. al-antitrypsin deficiency, tyrosinemia, bile acid
synthesis defects, and Alagille syndrome) were also
excluded from the analysis due to their low incidence
and the limited availability of biopsy-confirmed cases
in our national liver institute.

Sample size estimation: A formal sample size
calculation was not feasible due to the rarity of the
condition (n=45, represents all available neonatal
cholestasis cases with adequate biopsy material during
the study period at our institution (15).

In case of disagreement between the two
independent histopathologists, a consensus was
reached through joint review.
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Immunohistochemical technique and interpretation:

Immunohistochemical staining was performed
using a streptavidin-biotin amplification method.
Sections were incubated with monoclonal mouse
antibodies targeting HLA class I (Abcam, Cambridge,
UK; Ref; ab70328; dilution 1:100) and HLA class II
(Santa Cruz Biotechnology, Texas, USA; Ref; sc-
53302; dilution 1:150). After tissue deparaffinization
and rehydration, antigen retrieval was carried out using
high PH EDTA solution (Dako, Ref K8000, Glostrup,
Denmark), followed by cooling at room temperature,
20 minutes for each step. The slides were incubated
with the primary antibodies overnight at 4°C.
Secondary antibody using Ultravision detection
system, anti-polyvalent HRP/DAB, ready-to-use,
Neomarker was applied for 30 minutes. The staining
was visualized using DAB chromogen substrate and
Mayer’s hematoxylin as a counterstain. All control and
patient tissues were processed and stained in parallel
using identical protocols (fixation time, paraffin
embedding, section thickness, antigen retrieval,
antibody batches, and detection reagents). Positive
controls (tonsil tissue for HLA-II; lymph node for
HLA-I) and negative controls (omitting the primary
antibody) were included in each run.

Expression was considered positive when
cytoplasmic staining was present in > 10 % of
hepatocytes or cholangiocytes. Staining intensity was
graded on a four-point scale: 0 = negative, 1 = faint, 2
= moderate, and 3 = strong, in accordance with
previously established criteria (16).

Statistics

statistical analysis was conducted using SPSS
version 20.0 (IBM, Armonk, NY). Categorical
variables were presented as frequencies and
percentages. To compare categorical variables between
two groups, the Chi-square test was applied; however,
if more than 20% of expected cell counts were below
5, the Fisher’s Exact Test was utilized instead. The
distribution of continuous variables was evaluated
using the Kolmogorov-Smirnov test to determine
normality. Continuous variables were described using
the range, mean, standard deviation, and median as
appropriate. For comparing two sets of normally
distributed continuous variables, the independent
samples t-test was used. In cases involving more than
two groups with non-normally distributed data, the
Kruskal-Wallis test was conducted. Statistical
significance was considered at a p-value less than 0.05.

Results

Clinicopathological characteristics of the studied
groups

This study comprised 45 NC cases: 27 (60%) cases of
BA, 13 (28.9%) cases of PFIC, and 5 (11.1%) cases of
INH. Statistically significant differences were
observed among these groups regarding age, with PFIC
cases occurring in relatively older children (p=0.026).
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laboratory investigations revealed elevated serum
levels of AST and ALT predominantly in PFIC patients
(p=0.023 and p=0.03, respectively), whereas GGT
levels were markedly elevated in BA group (p=0.001).
Histopathological evaluation demonstrated that BA
cases were significantly associated with extensive
cholangiocyte  proliferation, the

presence  of
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neutrophilic cholangitis, and advanced stages of
fibrosis (p=0.001 for all). Conversely, lobular
inflammation was more pronounced in the INH group
compared to the other NC subtypes (p < 0.001).
Comparison of the clinicopatholoical characteristics
among the studied NC subtypes were summarized in
Table 1.

Table 1. Comparison of the clinicopathological characteristics among the NC subtypes studied

B2 PICON-TY | INH (-

Age (months), Mean + SD 2.65+1.05
Gender, n (%)
Male 9 (33.3%)
Female 18 (66.7%)
Total bilirubin (mg/dL), Mean + SD 9.05+4.12
Direct bilirubin (mg/dL), Mean + SD 5.88 +£3.26
AST (U/L), Mean + SD 223 +136.78

ALT (U/L), Mean + SD 128.44 +71.14

GGT (U/L), Mean + SD 924.67 +452.93
Cholangiocyte proliferation, n (%)

Absent 1 (3.7%)

Mild 2(7.4%)
Moderate 17 (63.0%)

Marked 7 (25.9%)

Portal inflammation, n (%)

Mild 8(29.6%)
Moderate 17 (63.0%)

Marked 2 (7.4%)

Neutrophilic cholangitis, n (%)
Absent/mild 9 (34.6%)
Moderate/marked 17 (65.4%)
Fibrosis, n (%)

Mild 0 (0.0%)
Moderate 15 (55.6%)
Marked 12 (44.4%)

Lobular inflammation, n (%)

Absent 7 (25.9%)
Mild 18 (66.7%)

Moderate 1 (3.7%)

Marked 1 (3.7%)

3.92+2.24 2.2+0.45 0.026* =0.127
0.185 Cramer’s V =0.274
8 (61.5%) 3 (60.0%)
5(38.5%) 2 (40.0%)
10.96 +4.92 8.99 +1.77 0.259 1n%2=0.017
6.5+2.49 5.63 £2.06 0.442 7? -0.009
374.54 +208.66 350.2+157.5 0.023* 7% =0.131
265.77 +£199.76 207.2 + 143.57 0.03* 7?=0.119
370.77 £ 490.8 222.2+167.28 0.001* $\eta”2$ = 0.369
0.001%* Cramer’s V =0.584
2 (15.4%) 4 (80.0%)
6 (46.2%) 1 (20.0%)
2 (15.4%) 0(0.0%)
3(23.0%) 0(0.0%)
0.220 Cramer’s V = 0.249
7 (53.8%) 4 (80.0%)
5(38.5%) 1 (20.0%)
1(7.7%) 0(0.0%)
0.001* Cramer’s V = 0.546
11 (84.6%) 5(100.0%)
2 (15.4%) 0(0.0%)
0.001* Cramer’s V=10.574
5(38.5%) 5(100.0%)
7 (53.8%) 0(0.0%)
1(7.7%) 0(0.0%)
<0.001* Cramer’s V=0.513
3 (23.0%) 0(0.0%)
5(38.5%) 0(0.0%)
5(38.5%) 5(100.0%)
0 (0.0%) 0(0.0%)

Abbreviations: N: number; NC: neonatal cholestasis; BA: Biliary atresia; PFIC: Progressive familial intrahepatic
cholestasis; INH: Idiopathic neonatal hepatitis; SD: Standard deviation; AST: Aspartate aminotransferase; ALT:

Alanine aminotransferase; GGT: Gamma-glutamyl transferase; n2: Eta squared.

Notes:

*Statistically significant (p < 0.05)

o  Statistical tests used include Kruskal-Wallis, Fisher’s Exact, and Chi-square tests.

e  All 45 cases were included in the analysis. Any variation in totals or percentages is due to missing data for

specific parameters.
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Fig. 2. Negative expression of MHC class II in
cholangiocytes and hepatocyte in control normal liver
tissue (IHC. X200).

Fig.1. Negative expression of MHC class I in
cholangiocytes and hepatocyte in control normal liver
tissue (IHC. X200).

Table 2. Comparison of immunohistochemical expression patterns of HLA class I and II in studied NC cases

(N=45) N=27) (N=13 (N=5) P

HLA I in hepatocytes, n (%) 0.416 0.249
Negative 7 (15.6%) 2 (7.4%) 4 (30.8%) 1 (20.0%)
Faint 18 (40.0%) 12 (44.4%) 3 (23.0%) 3 (60.0%)
Moderate 17 (37.8%) 11 (40.8%) 5 (38.5%) 1 (20.0%)
Strong 3 (6.6%) 2 (7.4%) 1(7.7%) 0 (0.0%)
HLA I in cholangiocytes, n (%) 0.001* 0.407
Negative 0(0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Faint 8 (17.8%) 2 (7.4%) 4 (30.8%) 2 (40.0%)
Moderate 14 (31.1%) 5 (18.5%) 7 (53.8%) 2 (40.0%)
Strong 23 (51.1%) 20 (74.1%) 2 (15.4%) 1 (20.0%)
HLA II in hepatocytes, n (%) 0.189 0.274
Negative 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%)
Faint 10 (22.2%) 4 (14.8%) 3 (23.2%) 3 (60.0%)
Moderate 22 (48.9%) 13 (48.1%) 8 (61.4%) 1 (20.0%)
Strong 13 (28.9%) 10 (37.1%) 2 (15.4%) 1 (20.0%)
HLA 1II in cholangiocytes, n (%) <0.001* 0.461
Negative 0 (0.0%) 0(0.0%) 0(0.0%) 0 (0.0%)
Faint 7 (15.6%) 2 (7.4%) 4 (30.8%) 1 (20.0%)
Moderate 18 (40.0%) 6 (22.2%) 9 (69.2%) 3 (60.0%)
Strong 20 (44.4%) 19 (70.4%) 0(0.0%) 1 (20.0%)

Abbreviations: N: number; %: percentage; NC: neonatal cholestasis; BA: Biliary atresia; PFIC: Progressive
familial intrahepatic cholestasis; INH: Idiopathic neonatal hepatitis; HLA: Major histocompatibility complex.
**Statistically significant (p <0.05)

Notes:

e Tests used were Fisher’s Exact and Chi-square tests.
e  All 45 cases were included in the analysis. Any variation in totals or percentages is due to missing data or
specific parameters rather than case exclusion.
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Immunohistochemical expression of HLA class I and 11

In the control group (normal liver tissue), both
antigens of class I and Il showed negative expression
in hepatocytes and cholangiocytes (Fig. 1,2). In
contrast, among NC cases, HLA class I was detected in
hepatocytes in 38 cases (84.4 %) of patients and was
uniformly expressed in cholangiocytes across all cases.
Furthermore, HLA class II was positively expressed in
both hepatocyte and cholangiocytes in 45 (100%) of
the NC cases. Details regarding staining intensity were
summarized in Table 2.

Comparison between NC subgroups
BA patients exhibited significantly stronger
expression of both HLA class I and II in cholangiocytes
(Fig. 3,4) compared to PFIC and INH cases (p=0.001
and p<0.001, respectively; Table 2) (Fig. 5, 6).
Association between HLA class I expression and
histopathological features:

The degree of HLA class 1 staining in
cholangiocytes was significantly associated with

Fig.3. Strong expression of MHC class 1 in
cholangiocytes and hepatocyte in cases of biliary
atresia representing marked bile ductular proliferation
and mild lobular inflammation (IHC. X200).

Fig.5. Milder expression of MHC class
cholangiocytes and hepatocytes in cases of Progressive
familial intrahepatic cholestasis, PFIC (IHC. X200).
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increased cholangiocyte proliferation (p=0.005)
(Fig.3). Interestingly, this expression was inversely
related to the severity of lobular inflammation, being
more prominent in cases with mild inflammation
(p=0.027). No significant association was noted
between HLA 1 intensity in hepatocytes and other
pathological features (Table 3).

Association between HLA class II expression and
histopathological features

Regarding, HLA class II, higher expression in
hepatocytes was a significantly linked to severe portal
tract inflammation (p=0.048) (Fig. 4). Meanwhile, in
cholangiocytes, higher HLA class II expression
associated with both moderate/marked cholangiocyte
proliferation (Fig.4) and moderate/marked neutrophilic
cholangitis (p=0.05 for both). A significant association
was also observed with mild lobular inflammation
(p=0.043). (Table 4).

Fig.4. Strong expression of MHC class II in
cholangiocytes and hepatocytes in biliary atresia
associated with marked bile duct proliferation and severe
portal tract inflammation (IHC. X200).

Fig.6. Milder expression of MHC class II in
cholangiocytes and hepatocytes in cases of Idiopathic
neonatal hepatitis, INH (IHC. X200).
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Table 3. Correlation between HLA I expression intensity in hepatocytes and cholangiocytes and the histopathological features of
the studied cases

_ HLA I expression intensity in hepatocytes HLA I expression intensity in cholangiocytes

1 - '
Faint | Moderate @ Strong P CLaIC Faint | Moderate @ Strong P CLaEE
value \4 ve value \4
Cholangiocyte proliferation
Absent 2 1 3 1 0 3 3 1
Mild 1 6 2 0 0.655 0.217 0 1 6 2 0.005* 0.422
Moderate 2 8 8 1 0 2 5 12
Marked 2 4 3 1 0 2 0 8
Portal inflammation
Mild 4 6 7 2 0 4 6 9
0.752 0.178 0.886 0.115
Moderate 3 11 8 1 0 3 7 13
Marked 0 2 1 0 0 1 1 1
Neutrophilic infiltrate
Absent/mild | 5 10 8 3 0217 0.272 0 5 10 11 0.348 0.215
Moderate/ 2 9 3 0 0 3 4 12
marked
Fibrosis
Mild 2 6 2 0 0 2 6 2
0.274 0.268 0.113 0.285
Moderate 3 9 7 3 0 5 5 12
Severe 2 4 7 0 0 1 3 9
Lobular inflammation
Absent 0 5 4 1 0 1 2 7
i *
Mild 5 9 8 1 0.671 0.302 0 2 7 14 0.027 0.382
Moderate 2 5 3 1 0 5 5 1
Severe 0 0 1 0 0 0 0 1

Abbreviations: -ve: negative; Mod: moderate; HLA: Major histocompatibility complex.
* Statistically significant (p < 0.05).
Notes:

o  Statistical tests used were Fisher’s Exact and Chi-square tests.

e  All45 cases were included in the analysis. Any variation in totals is due to missing data or specific parameters
rather than case exclusion.

Table 4. Correlation between HLA II expression intensity in hepatocytes and cholangiocytes and the histopathological features of
the studied cases

_ HLA II expression intensity in hepatocytes HLA II expression intensity in cholangiocytes

Fain = Modera | Stron P Cramer | _ | fain | Modera Stron P Cramer

e t te g value 'sV Z t te g value 'sV

Cholangiocyte proliferation

Absent 0 3 2 2 0 1 5 1
Mild 0 4 4 1 0.133 0.319 0 3 5 1 0.05* 0.357
Moderate 0 1 10 8 0 2 5 12
Marked 0 2 6 2 0 1 3 6
Portal inflammation
Mild 0 4 9 0 3 10 6
0.255 0.231 0.199
Moderate 0 4 13 6 0 3 7 13 | 0.489
Marked 0 2 0 1 0 1 1 1
Neutrophilic infiltrate 0.234 0.254 0.05* 0.351
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_ HLA II expression intensity in hepatocytes HLA II expression intensity in cholangiocytes

Absent/mild 0 7 14 5
Mode;;:(tle/mar 0 3 3 2
Fibrosis
Mild 0 4 4 2 0.048
Moderate 0 4 14 4 *
Severe 0 2 4 7
Lobular inflammation
Absent 0 1 7 2
Mild 0 3 11 9 0.139
Moderate 0 5 4 2
Severe 0 1 0 0

0.342

0 4 14 8
R 4 12
0] 2 7 1

0.295 0120 0.269
0 3 12
0| 2 4 7
0| 2 2 6
0 4 7 12 0043 0365
0 1 9 1 ¥
0 0 0 1

Abbreviations: -ve: negative; Mod: moderate; HLA: Major histocompatibility complex.

* Statistically significant (p < 0.05).
Notes:

e  Statistical tests used were Fisher’s Exact and Chi-square tests.

e All 45 cases were included in the analysis. Any variation in totals is due to missing data or specific parameters

rather than case exclusion.

Discussion

Research investigating HLA expression patterns in
pediatric cholestatic liver diseases remains limited and
has produced inconsistent findings. The current study
highlights a clear upregulation of HLA class I and II
molecules in NC cases, particularly in BA, indicating
an immunological contribution to disease progression
and severity.

In the present study, in healthy liver tissue, neither
hepatocytes nor cholangiocytes exhibited
immunohistochemical expression of HLA class I and 11
antigens, consistent with prior recent reports indicating
that baseline HLA expression in normal liver tissue is
minimal (16-18). Notably, Lobo-Yeo et al found HLA
class I expression without concurrent class II detection
in 9 normal liver tissue samples analyzed by ultraviolet
microscopy and flow cytometry (19). According to
Bertolino et al, hepatocytes are capable of assembling
HLA class I complexes at levels sufficient to engage
lymphocytes and influence the activity of natural killer
(NK) cells and T cells (21). The discrepancies among
studies have been attributed primarily to
methodological limitations, particularly the low
sensitivity of earlier detection techniques (eg, IHC vs
flow cytometry), rather than true biological differences
(20). Some studies suggest that reduced or altered HLA
antigen presentation by hepatocytes may serve a
protective role, maintaining hepatic immune tolerance
and preventing unnecessary immune-mediated damage
(21).

In the current study, HLA class I was detected in
hepatocytes in the majority of NC cases and was
consistently expressed in cholangiocytes across all
samples. Similarly, HLA class II expression was
observed uniformly in both hepatocytes and

Vol.21, No.2 Spring, 2026

cholangiocytes among the studied cohort. However,
previous reports have shown variable findings. For
example, Lobo-Yeo et al reported hepatocytic HLA
class I expression in all studied cases but limited HLA
class II expression to only 10.5% of samples (27), and
others reported HLA class II expression mainly in
cholangiocytes in all cases of BA and PSC, and in two-
thirds of PBC cases (17,22,23). Conversely,
hepatocytic HLA class II expression has been more
frequently linked to inflammatory hepatitic conditions
rather than cholestatic disorders (24). Notably, our
results differ from those of Lobo-Yeo et al, who
observed stronger HLA class I expression in INH and
absent HLA class II expression in BA (20). The precise
mechanisms driving the overexpression of HLA class I
and II molecules in cholestatic liver diseases remain
incompletely understood. Evidence from Calmus et al
suggests that cholestasis itself, independent of immune
mechanisms, may induce abnormal hepatocytic class I
HLA expression (25). Their findings indicated that
HLA class I antigens localize to both the cytoplasm and
membranes of hepatocytes in cholestatic conditions,
even in the absence of corresponding class II
expression (25).

Our findings diverge from earlier reports,
particularly those by Lobo-Yeo et al and Calmus et al,
who described limited or absent HLA class II
expression in hepatocytes (25,27). These discrepancies
may reflect both technical and biological factors.
Earlier studies often employed less sensitive detection
methods such as ultraviolet microscopy or early-
generation immunohistochemistry, possibly
underestimating HLA expression (26). Differences in
disease stage, degree of inflammation, and patient age

IRANIAN JOURNAL OF PATHOLOGY
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can strongly influence inducible HLA expression (27).
In our study, both hepatocytes and cholangiocytes
showed cytoplasmic staining of HLA class I and II,
which likely reflects intracellular synthesis, trafficking,
or pathologic retention of HLA molecules during
cholestatic injury rather than surface antigen
presentation. Similar cytoplasmic localization has been
previously described in cholestatic and inflammatory
liver diseases (24,25).

The local cytokine milieu, especially elevated IFN-
v and TNF-a levels, may upregulate HLA molecules in
cholangiocytes and hepatocytes, leading to the broader
expression pattern observed in BA (25,28,29). These
pro-inflammatory cytokines act synergistically to
enhance antigen presentation and perpetuate local
immune activation. In addition, epigenetic regulation
via microRNAs, particularly miR-155, has been
implicated in modulating HLA expression by
influencing antigen processing and inflammatory
signaling. Increased hepatic miR-155 expression
reported in BA correlates with enhanced immune cell
infiltration and fibrosis (30,31). Collectively, cytokine
and microRNA pathways likely underlie the
exaggerated HLA expression seen in our cohort.

The concurrent expression of both HLA class I and
IT in hepatocytes and cholangiocytes observed in the
present study may reflect immune system activation
rather than a therapeutic effect. Similar co-expression
has been reported in immune-mediated liver diseases,
such as autoimmune hepatitis (AIH) and PSC (26).
Inflammatory cytokines, particularly IFN-y and TNF-
a, are known to upregulate HLA class I and II
molecules, promoting antigen presentation and
increasing hepatocyte susceptibility to cytotoxic T
lymphocyte—mediated injury (26,35). The distribution
of HLA class II antigens also appears to mirror the
pattern of liver injury—hepatocytic in inflammatory
diseases such as viral hepatitis and AIH, and
cholangiocytic in cholestatic diseases such as primary
biliary cholangitis (PBC) and PSC (31). This aberrant
antigen presentation may activate CD4+ helper T cells
and contribute to bile duct or hepatocyte injury,
reflecting ongoing immune-mediated pathology. In the
present study, HLA «class 1 expression in
cholangiocytes  correlated with mild lobular
inflammation and  cholangiocyte  proliferation,
indicating local immune activation and possible
contribution to ductal injury and remodeling.
Homozygous expression of HLA alleles has been
linked to reduced CTL diversity, immune
dysregulation, and prolonged disease progression (36).
Aberrant HLA class II expression in bile duct
microvilli in BA has been linked to poorer surgical
outcomes (29), supporting its role in ongoing bile duct
injury and immune-mediated pathology.

Limitations

This study has several limitations. First, the control
liver tissues were obtained from adult transplant donors
rather than age-matched neonates. This limitation was
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due to ethical and practical constraints in acquiring
normal neonatal liver samples. Given that HLA,
particularly class II expression, can vary with age and
immune maturation, this difference should be
considered when interpreting our findings. Second, the
relatively small sample size may limit the statistical
power to detect subtle differences among subgroups,
reflecting the rarity of neonatal cholestatic liver
diseases. Third, the retrospective design may introduce
inherent selection bias and restrict control over clinical
or technical variables. Finally, the
immunohistochemical evaluation, while providing
valuable localization data, is semi-quantitative in
nature and could be complemented by molecular
analyses in future studies to validate protein expression
levels.

Conclusion

Our findings demonstrate that individuals with NC
exhibited elevated levels of class I and II HLA
expression on both hepatocytes and cholangiocytes.
This increased expression appears to correlate with
indicators of disease severity. These findings
underscore the need for further research to explore
specific HLA allele variants that may influence disease
development and progression. Additionally, further
investigations are warranted into the potential
integration of HLA related pathways within
interactome-based models to support the discovery of
new therapeutic agents.
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