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Background: As with the hepatocytes, cholangiocyte senescence can also easily be detected in damaged small bile
ducts and bile ductules during liver disease affecting the biliary system and cholangiocytes. Despite cellular
senescence being a feature of chronic progressive cholangiopathies in adults, only a few studies have investigated
its role in liver transplant rejection. Method: Transplant biopsies displaying features of rejection were reviewed
and classiﬁed based on the type of rejection and the time since transplantation. An immunohistochemistry
panel has been applied for 3 senescent cell markers (p53, p21, p16). Results: Immunohistochemical expression
analysis for the biliary senescence markers (53 biopsies) was done in the post-transplantation periods (Group
1–4) for the cases with the histologically proven diagnosis of rejection. In post-transplant group 1 (<3 months),
group 2 (3–6 months), group 3 (6–12 months) and group 4 (>12 months), any 2 senescent markers’ positivity
was noted in 5/14 (35.7%), 8/13 (61.5%), 16/17 (94.1%) and 9/9 (100%) biopsies respectively and were comparable in all four groups (P = 0.001). A comparison of early biopsies (Group1; 3 months) and late biopsies (Group
2,3&4; >3 months) revealed signiﬁcantly higher expression in late biopsies (>3 months) (P = 0.001 for any two
markers). In ACR, LAR, ECR, and CR/DR any two senescent markers were positive in 14/28 (50%), 12/13
(92.3%) cases, 9/9 (100%), and 3/3cases (100%). Senescent markers (any two) were comparable in all four histological groups (P < 0.001).
LAR group had increased expression (P = 0.009 for any two markers and 0.001 for all three markers) and has
increased progression to CR (P = 0.019) as compared to ACR. Conclusion: This study on a large number of LDLT
allograft biopsies demonstrates the role of biliary senescence in rejection and suggests a pathobiological role for
senescence in the poor prognosis seen in late acute cellular rejection and chronic rejection. ( J CLIN EXP HEPATOL 2022;12:1420–1427)

C

ellular damage, if not repaired, leads to apoptosis
or senescence. Senescent cells accumulate as a
consequence of cellular senescence, which limits
the proliferative potential of damaged cells by causing
a stable cell cycle arrest. Senescent cells can be seen in
the aging process as well as in certain diseases, such as
cirrhosis and ﬁbrosis. Once cellular senescence is established, these cells become apoptosis-resistant.1 As a
consequence, the increased number of senescent
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cells results in altered physiology and a decline in
organ function. The inﬂammatory nature of senescent
cells also results in substantial changes in the s
urrounding microenvironment, thus disrupting tissue
homeostasis.2–5
The selection of the appropriate marker is one of the
most difﬁcult aspects of detecting senescent cells. While
expression of senescence-associated -galactosidase enzymatic activity is considered a gold standard, it requires
frozen sections, which are not available in most settings.
As a result, several markers were used, including morphological changes, the expression of cell cycle inhibitors,
changes in the nuclear membrane, and the evaluation
of the inﬂammatory secretome. Most often the senescent
cells are classically arrested in the cell cycle at the G1/S
transition, so they have DNA content characteristic of
the G1 phase and express cells cycles inhibitors such as
p21, p16, p27, and p536–9 along with an absence of
proliferative markers.
Hepatocyte senescence appears to be a nearly universal
phenomenon in the context of chronic liver disease,
regardless of etiology.10 In addition to hepatocytes, the
senescence of cholangiocytes is also detected readily
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METHOD
This is a single-institutional 10-year study conducted from
January 2010 to December 2020. A total of 567 liver transplants were performed at the Institute of Liver and Biliary
Sciences, New Delhi, India. Following ethical committee
approval, a retrospective analysis was performed on all transplant cases in which liver biopsies indicated rejection
(Figure 1). Gender, age, the etiology of underlying liver disease, and the time of biopsy post-transplantation are among
the recipient variables studied. The biopsies having at least 6
portal tracts were assessed for histological variables that
included amount and type of portal inﬂammation, portal
vein and hepatic vein endothelialitis, portal eosinophils,
interface hepatitis, lobular inﬂammation, central perivenulitis, bile duct damage, bile duct atypia, and loss). All of the parameters were graded semiquantitatively (Figures 2 and 3).
All biopsies were reviewed and classiﬁed based on the
type of rejection and the time since transplantation. Acute
cellular rejection (ACR), late acute cellular rejection (LAR),
early chronic rejection (ECR), and chronic rejection or ductopenic rejection were histological diagnostic subcategories
(CR). Biopsies displaying evidence of rejection were also
subdivided into different time zones: Group 1 (<3 months),
Group 2 (3–6 months), Group 3 (6–12 months), and Group
4 (>12months).

Figure 1 Consort diagram displaying the study design.
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within damaged small bile ducts and bile ductules in liver
diseases affecting cholangiocytes and the biliary system.
Senescence may play a role in biliary atresia, primary sclerosing cholangitis, cellular rejection, and primary biliary
cirrhosis.11,12
Although cellular senescence is one of the features of
human adult chronic progressive cholangiopathies, only
a few studies have looked into its role in liver transplant
rejection. Previous research has described the role of
cellular senescence in both chronic rejection (CR)13 and
acute cellular rejections (ACR) of higher RAI.14
In a post-transplant setting, histology frequently differs at different times, with the conspicuous appearance
of atypical features at later times. In general, immune
cells actively clear senescent cells; however, in a posttransplant scenario with a high dose of immunosuppression, senescent cells may accumulate and impact allograft rejection. Thus, the current study was carried out
to assess the accumulation of senescent cells in a series
of liver biopsies taken at various time points after transplantation. The study also focuses on the relationship
between senescent markers and late acute cellular rejection (LAR) because of the atypical presentations, which
often included prominent biliary atypia, poor response
to immunosuppressants, and a poor prognosis.
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Figure 2 ACR displaying portal inflammation and bile duct injury (arrow) (A; H&E;400x). LAR portal tracts show less inflammation (B; H&E;200x) and
more prominent Zone 3 necroinflammatory lesion (Incet). An abnormal bile duct (arrow) in ECR along with nuclear pleomorphism and loss of polarity
produce a ‘dysplastic-like’ appearance (C; H&E;200x). CR/DR shows loss of bile ducts (D; H&E; 200x). ACR, Acute cellular rejection; LAR, Late acute
cellular rejection; ECR, Early chronic rejection; CR/DR, Chronic Rejection/Ductopenic Rejection.

IMMUNOSUPPRESSANTS USED IN
RECIPIENT
The recipient was given intraoperative methylprednisolone 500 mg followed by 100 mg, 80 mg and 60 mg on
day 1,2, and 3 respectively. After 2–3 days if renal function
is normal, a low dose of Tacrolimus (0.5 mg BD) was
added. According to the biochemical parameters the
dose of steroids was tapered down, tacrolimus was
increased, and myocphenolate mofetil was sometimes
added to make the patient steroid-free at the end of 3
months. Cyclosporine was not prescribed in any of our
study group patients.

HISTOPATHOLOGICAL CLASSIFICATION OF
TRANSPLANT REJECTION15
For cellular rejection, three components of the diagnostic
triad are portal inﬂammation, bile duct damage, and venular
endothelial inﬂammation. Two of these features are required
for the diagnosis of acute rejection. Grading was performed
according to the Banff RAI score on a scale of 0–9.
ACR is characterized by a mixed portal tract inﬂammation, bile duct damage, and venular endothelial inﬂam1422

mation including portal vein or hepatic vein. Lobular
changes are not seen usually.
LAR is characterized by mononuclear portal inﬂammation, less inﬂammation of the bile duct, and portal vein endothelialitis. More prominent interface hepatitis, Zone 3
necroinﬂammatory lesion, or central perivenulitis, and
bile duct degenerative changes are seen in the cases.
CR is characterized by the presence of ductopenia and
arteriopathy. Based on the severity & extent of ﬁndings,
CR may be considered as early CR & CR or Ductopenic
Rejection (DR).
Early Chronic Rejection (ECR): Two of the following
features are mandatory.
1: Senescence-related changes involving the majority of
the ducts or bile duct loss in <50% of the patients. 2: occasional loss of portal tract hepatic arterioles involving <25%
of the portal tract. 3: Zone 3 perivenular mononuclear
inﬂammation/necrosis and/or mild perivenular ﬁbrosis.
4: intimal inﬂammation, focal foam cell deposition
without luminal compromise in large perihilar branches,
5: or in large perihilar bile ducts.
Chronic Rejection/Ductopenic Rejection (CR/DR):
Two of the following features are mandatory.
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Figure 3 Immunohistochemical stain for the cells senescence markers p16, p21, and p53 in liver allograft biopsy with LAR (A, B, and C, respectively),
ECR (D, E, and F, respectively) and in CR/DR (G, H, and I, respectively) show a high level of expression. LAR, Late acute cellular rejection; ECR, Early
chronic rejection; CR/DR, Chronic Rejection/Ductopenic Rejection.

1: Bile duct loss is seen in >50% of portal tracts, degenerative in the remnant bile duct, and portal tract hepatic arterioles loss involving >25% of portal tracts. 3: variable
inﬂammation in or around terminal hepatic venules, focal
obliteration, and moderate changes to severe ﬁbrosis.
4: Luminal narrowing, ﬁbrointimal hyperplasia in large
perihilar hepatic arteriolar branches, 5: mural ﬁbrosis in
large perihilar bile ducts.
Histological features of senescence will include cytoplasmic eosinophilia, cellular and nuclear enlargement,
and irregular arrangement with uneven nuclear spacing.

IMMUNOHISTOCHEMISTRY APPLICATION
AND INTERPRETATION
Biopsies displaying 10 or more portal tracts with a minimum of three portal tracts having bile ducts were considered for immunohistochemistry. The IHC has been
applied manually for a panel of 3 senescent cell markers
(p53, p21, p16) to be assessed in bile ducts.

Senescent cells were evaluated by applying immunohistochemistry for p16 (clone EP16, mouse monoclonal, Livemore CA-9445, USA, ready to use), p21 (clone WA-1,
mouse monoclonal, Meridian Rd, Rockford IL 61101,
USA, 1:1000 dilution), and p53 (clone BP-53-12, mouse
monoclonal, Livemore CA 94551, USA, ready to use). For
the assessment of immunohistochemical expression in
small bile ducts, the extent of expression was evaluated
blindly by two histopathologists (AR, NN) and scores as
0 (negative), 1 (focal, weakly positive cells in =<1 small
bile ducts), and score 2 (moderate to strong positive cells
detected in 1–3 & >3 small bile ducts). Staining scores
0 and 1 were considered as Negative and score 2 was taken
as Positive immunohistochemistry.

Statistical analysis
Statistical analysis was done with the help of SPSS software22.0 (SPSS, Chicago IL). Quantitative variables are
indicated as mean  standard deviation. Categorical variables are represented as frequency (%). Intergroup
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Table 1 Expression of an Association of Cell Senescent Markers in Allograft Biopsy of Different Time-Zones Post-LDLT.
Groups

p53
No.

p21

p16

Any 2 markers positive
No.

%

No.

%

%

No.

%

Group 114

4

28.6%

6

42.9%

3

21.4%

3

21.4%

5

35.7%

Group 213

8

61.5%

9

69.2%

7

53.8%

2

15.3%

8

61.5%

Group 3

16

94.1%

15

88.2%

12

70.6%

5

29.4%

16

94.1%

Group 49

9

100%

9

100%

8

88.9%

1

11.1%

9

100%

17

No.

All 3 markers positive

Fisher Exact Test: P-value

0.743

%

<0.001

LDLT, Live donor liver transplantation.

comparison of categorical variables was done using the
Chi–Square test or Fisher Exact test as appropriate. A Pvalue of <0.05 was considered statistically signiﬁcant.

RESULTS

Liver Graft Rejection

From the year 2010–2020, 567 liver transplantation surgeries and 366 biopsies from 95 patients (16.7%) with a
clinical suspicion of rejection were performed. 53 biopsies
were further excluded as they did not contain adequate tissue for diagnosis. We excluded 190 biopsies as they did not
show any signs of rejection or other complications/pathologies. We examined the detailed histopathological parameters of 123 biopsies obtained from 68 patients in this
study. The observed rejection rate was 12% (68/567). An
immunohistochemistry panel for senescent markers was
applied to the biopsies (53) having an adequate number
of portal tracts ($10) and these belonged to 38 patients
[Figure 1].
The recipients' average age was 37.3  12.8 years, with a
male predominance (60/68; 88.2 percent). Ten patients had
acute liver failure, six had Acute on Chronic Failure
(ACLF), four had Hepatocellular Carcinoma (HCC), one
had polycystic liver disease, one had vascular pathology,
and the remaining 46 had chronic liver disease, with a
mean MELD Score of 24  7.56. Underlying aetiologies
for chronic liver disease patients were alcohol, HBV,
HCV, NASH, Cryptogenic, and others with frequencies of
16 (34.8%),4 (8.7%), 2 (4.4%), 14 (30.4%), and 10 (21.7%),
respectively.
The biopsies (n = 123) were classiﬁed as ACR (57), LAR
(44), ECR,14 CR/DR8 Thirty patients (44.1%) have had >2
episodes of rejection.
Histological parameters revealed that mixed portal
inﬂammation, portal vein endothelialitis, portal eosinophils, and bile duct damage were signiﬁcantly higher in
early biopsies (<3 months) whereas central perivenulitis
without hepatic vein (HV) endothelialitis, bile duct atypia,
and bile duct loss was more common in the late biopsies
(>3 months).
Bile duct injury may be focal in ACR and showed lymphocytic/mixed inﬂammatory cells inﬁltrating the small
1424

bile ducts, however, degenerative changes were not prominent. In LAR, inﬂammation of bile ducts and portal venous
endothelium was less obvious but the degenerative
changes of the bile ducts are well appreciated.
Immunohistochemical expression analysis for the
biliary senescence markers (53 biopsies) was done in the
post-transplantation periods (Group 1–4) for the cases
with the histologically proven diagnosis of rejection. In
post-transplant group 1 (<3 months), out of 14 biopsies
(14/53), positive immunoreactivity for p53, p21, and p16
was noted in 4/14 (28.6%), 6/14 (42.9%), and 3/14
(21.4%) respectively. Any 2 senescent markers’ positivity
was noted in 5/14 (35.7%) cases whereas all three markers
positivity was noted in only 3/14 (21.4%) cases.
The post-transplant group 2 (3–6 months) included 13
biopsies (13/53, percent), with 8,9,7 biopsies positive for
p53, p21, and p16.8/13 (61.5%) biopsies were positive for
any two senescent markers.
Group 3 (6–12 months) will include 17 biopsies (17/
53%) with positive immunoreactivity for p53, p21, and
p16 in 16/17 (94.1%), 15/17 (70.6%), and 12/17 (70.6%),
respectively. Only 5/17 (29.4%) biopsies were positive for
all three senescent cell markers, while 16/17 (94.1%) were
positive for any two of the markers.
Senescent cells were signiﬁcantly increased in posttransplant group 4 (>12 months). Positive immunoreactivity for p53, p21, and p16 was observed in 9/9 (100
percent), 9/9 (100 percent), and 8/9 (88.9 percent) of the
9 biopsies (9/53, percent). In all 9 cases (100 percent) of biopsies, the positivity rate for any two senescent markers
was noted. According to the Fisher exact test, senescent
markers (any two) were comparable in all four groups (p
0.001). (Table 1).
After observing an increasing trend of senescent cell
markers in different time zone groups, a comparison of
early biopsies (Group1; 3 months) and late biopsies
(Group2,3&4; >3 months) revealed signiﬁcantly higher
expression in late biopsies (>3 months) (P = 0.001 for any
two markers). (Table2).
Similar expression analysis was performed based on the
histological diagnosis rendered in the rejection spectrum.
Details were provided in Table 3. In ACR, any two
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Table 2 Correlation of Cell Senescent Markers Positivity in Early (<3 months) and Late (>3 months) Allograft Biopsies.
p53
No.

p21

p16
No.

All 3 markers positive

Any 2 markers positive

%

No.

%

%

No.

%

Early Biopsy: Group 1 [<3mo.]14

4

28.5%

6

42.8%

3

21.4%

3

21.4%

5

35.7%

Late Biopsy: Group 2,3&4 [>3mo.]

34

81.7%

33

84.6%

27

69.2%

8

20.5%

33

84.6%

Chi–Square Test: P-value

No.

0.942

%

<0.001

Table 3 Expression and Association of Cell Senescent Markers in Allograft Biopsy With Different Histological Rejection Stages.
Histological Rejection Groups

p53

p21

p16

All 3 markers positive

No.

%

No.

%

No.

%

No.

%

ACR (n = 28)

13

46.4%

15

53.6%

9

32.1%

6

LAR (n = 13)

12

92.3%

12

92.3%

11

84.6%

11

ECR (n = 9)

9

100%

9

100%

8

88.9%

CR (n = 3)

3

100%

3

100%

2

66.7%

Fisher Exact Test: P-value

P < 0.001

Any 2 markers positive
P = 0.009

No.

%

21.4%

14

50%

84.6%

12

92.3%

8

88.9%

9

100%

2

66.6%

3

100%

0.002

<0.001

senescent markers were positive in 14/28 (50%) cases,
whereas all three markers were positive in only 6/28
(21.4%) cases. LAR was positive for any two senescent
markers in 12/13 (92.3%) cases, whereas all three markers
were positive in 11/13 (84.6%) cases. CR revealed 100
percent positivity for two markers, and 8/9 (88.9 percent)
cases had all three markers positive. In the last group
with the diagnosis of chronic rejection/ductopenic rejection, any 2 senescent marker positivity was noted in all 3
cases (100%) and all three markers positivity was noted in
2/3 (66.7%). The Fisher exact analysis showed that senescent markers (any two) were comparable in all four histological groups (P < 0.001). (Table 3)
The comparison of the ACR and LAR groups in terms of
senescent marker expression revealed that the LAR group
had increased expression (P = 0.009 for any two markers
and 0.001 for all three markers). When the ACR group
was compared to the LAR and CR combined groups, the
senescent markers were signiﬁcantly higher in the latter
(P = 0.001) (Table 4).
All cases were followed up on for at least three months,
with a median follow-up period of 24 months. Follow-up
data from 38 patients with histologically proven rejection

in the ﬁrst 6 months and a biopsy diagnosis of AR or
LAR were analysed for evidence of biopsy-proven progression of immunologic pathology, i.e. chronic rejection.
Chronic rejection occurred in nine patients. Progression
to chronic rejection is signiﬁcantly increased (P = 0.019)
in LAR cases compared to ACR cases (Table 5).

DISCUSSION
Despite recent advances in liver transplantation, rejection
remains a signiﬁcant problem in the postoperative period.16
Acute cellular rejection (ACR) occurs in 15–25% of liver
transplant recipients. S Gruttadauria et al. studied 152 liver
transplant recipients who had been treated with tacrolimusbased immunosuppressants and found that 15% of the patients had one or multiple episodes of acute cellular rejections.17 In our study, the biopsy-proven rejection rate was
12% which was similar to the published literature.
Rejection has been divided into acute and chronic forms
based on the time of occurrence (acute: early, chronic: late),
and the histological features (ACR, LAR, CR). Diagnosis of
rejection biopsies always overlapped in terms of timeline
and histological diagnosis.18

Table 4 Comparison of Cell Senescent Markers Positivity Between Acute Cellular Rejection and Non-ACR (LAR, ECR & CR/DR).
Histological Rejection Groups2

p53

p21

p16

All 3 markers positive

Any 2 markers positive

No.

%

No.

%

No.

%

No.

%

No.

%

Group 1: Acute Cellular Rejection [ACR]28

13

46.4%

15

53.6%

9

32.1%

6

21.4%

14

50%

Group 2: Non ACR [LAR &Chronic Rejection]
[LAR, ECR, CR]25

24

96%

24

96%

21

84%

21

84%

24

96%

<0.001

<0.001

Chi–Square Test: P-value
ACR, Acute cellular rejection; LAR, Late acute cellular rejection; ECR, Early chronic rejection; CR/DR, Chronic Rejection/Ductopenic Rejection.
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ACR, Acute cellular rejection; LAR, Late acute cellular rejection; ECR, Early chronic rejection; CR, Chronic Rejection.
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Table 5 Association of Patients Progressed to Chronic
Rejection With a Histological Diagnosis of Rejection.
No of Patients

Progressed
to CR

Not Progressed
to CR

P-value

ACR25

3/9 (33.3%)

22/29 (75.8%)

0.019

13

6/9 (66.7%)

7/29 (24.1%)

LAR

ACR, Acute cellular rejection; LAR, Late acute cellular rejection; CR,
Chronic Rejection.

Liver Graft Rejection

The majority of acute cellular rejection episodes
occur one to three months after transplantation.19 It was
found less important because it responded well to the
immunosuppressant enhancement and was reversible.20
They respond well to immunosuppressant enhancement
and are reversible.
Late acute cellular rejection (LAR) refers to acute cellular
rejection that occurs after 3 months. It has different histological features, some in common with typical ACR and
some with CR. It was resistant to immunosuppressants,
caused causes graft loss, decreased patient survival, progression to chronic rejection, and poses a worse prognosis.20–22
A growing body of evidence suggested that cellular
senescence plays a role in inﬂammatory cholangiopathies,
including cellular rejection. Histological features are highly
subjective; however, the immunohistochemistry could
demonstrate the upregulated expression of p53, p21, and
p16 in senescent cells.12,23
To elucidate its role in inﬂammatory cholangiopathies,
we studied senescence in biliary epithelial cells from late biopsies and LAR & CR combined. We discovered that
cellular senescence markers were highly expressed in the biopsies of interest. Previous studies on the role of senescence in a rejection are rare, and none performed in a
large series like ours. Sasaki et al. investigated chronic
biliary pathologies including 10 chronic liver allograft
rejection biopsies in their study of senescence in liver diseases. In comparison to 25 histologically normal liver biopsies, they discovered the extensive-expression of p16
(6/10; 60%) and p21 (8/10; 80%) in small bile ducts in
chronic rejection biopsies.23
According to John G et al., the percentage and number
of p21+ biliary epithelial cells (BEC) per portal tract were
signiﬁcantly higher in early CR compared to BECs in
normal liver allograft biopsies or those with nonspeciﬁc
changes, chronic hepatitis C, or obstructive cholangiopathy.13
Our study showed concordant results with an 83.3%–
100% expression rate (all three markers vs any two markers)
in chronic rejection (ECR and CR/DR). We also discovered
that senescence markers were strongly expressed in chronic
rejection (both early and late) as opposed to acute cellular
rejection, where the expression was dismal.
1426
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J G Brain conducted a study to demonstrate the presence of senescent BEC in ACR by assessing the relationship
between sen BEC and ACR grade in transplant biopsies.
The cases included were 9 ‘time zero’ biopsies as control tissue and 25 transplanted liver biopsies with varying degrees
of acute rejection (mild, moderate, and severe). They found
a positive correlation (P < 0.0013) between increasing grade
T cell-mediated acute rejection and the number of BEC expressing the senescence marker p21. However, the time
zone and histological details to ascertain the proportion
of LAR were not mentioned in the study.14 Our ﬁndings
suggested that biliary senescence was implicated in the
development of late rejection episodes.
Degenerative changes of the bile ducts are well recognized in LAR. LAR is more frequently associated with the
emergence of early CR-related features, such as bile duct atrophy, early duct loss, or centrilobular ﬁbrosis. It was
discovered that patients with late acute cellular rejection
were more likely to develop chronic rejections (P = 0.019).
While these changes were typically associated with AR
that does not respond to treatment, cases that presented
late may have a more insidious course.24,25
Increased expression of senescent cell markers (p53,p21,
and p16) in the small bile ducts of LAR and CR compared
to acute cellular rejection may explain the worsening of
immunologic damage, therapy resistance, and poor prognosis observed in these cases. There is a need for research
to validate the role of senescence in rejection, as well as
its relationship to treatment and prognosis.
This study on a large number of LDLT allograft biopsies
demonstrates the role of biliary senescence in rejection and
suggests a pathobiological role for senescence in the poor
prognosis seen in late acute cellular rejection and chronic
rejection.
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