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Abstract: Background: Acute antibody-mediated rejection (AMR) is an uncommon complication
after ABO-compatible liver transplantation (LT). This case series investigated the clinicopathologic
characteristics and outcomes of acute AMR in LT recipients with autoimmune liver disease (ALD).
Patients and Methods: Among 809 patients who underwent LT from January 2014 to December 2020,
four ALD patients developed AMR, which was confirmed based on clinical features, histopathology
of liver biopsy, donor-specific antibodies (DSA) or panel reactive antibody (PRA) level. Therapies
were individualized based on clinical manifestations. Results: The incidence of acute AMR was
0.49%, and the incidence of acute AMR with ALD and non-ALD recipients was 11.1% and 0%,
respectively. Three patients had strongly positive HLA class II DSA, and one patient was with the
PRA class I and II sensitivities, which were >80%; complement component 4d (C4d) staining was
negative in all patients. The first patient underwent re-LT, and the other three patients had good
prognoses with treatments. Conclusions: ALD patients are prone to acute AMR after LT, thus should
be kept vigilant against the occurrence of acute AMR.

Keywords: acute antibody-mediated rejection; liver transplantation; autoimmune liver disease

1. Introduction

Autoimmune liver disease (ALD) is a rare disease with a reported incidence of less
than 50 per 100,000 [1]. Primary biliary cholangitis, primary sclerosing cholangitis, and
autoimmune hepatitis are the major types of ALDs [2]. Several drugs can improve the
long-term prognosis in patients with early ALD, while for patients with end-stage ALD,
liver transplantation (LT) is still the only effective treatment option [3].

The incidence of acute T cell-mediated rejection (TCMR) after LT is between 10% and
30% [4,5]. The incidence of chronic TCMR is about 2~5% in adults but may also reach 8~16%
in the pediatric population [6], while the incidence of acute antibody-mediated rejection
(AMR) is rare (<5%) [7]. The liver is the only organ resistant to antibody-mediated rejection,
even hyperacute rejection [8]. Although the liver belongs to the immunologically privileged
organ and acute AMR is rarely observed after LT, it has been recognized as a cause of graft
dysfunction in a proportion of LT recipients [9]. Additionally, acute AMR has been widely
reported after ABO-incompatible LT, but it is relatively rare after ABO-compatible LT, with
a prevalence of 0.8% to 3.6% [10]. The diagnosis of acute AMR is challenging, and so far, no
guidelines and consensus criteria have been proposed [11,12].

Studies have shown that LT recipients with ALD have a higher incidence of acute
TCMR than other LT recipients [13]. Previous studies have discussed a correlation between
ALD and TCMR after LT [13,14]. Herein, we discussed clinical features in four LT recipients
with ALD that developed acute AMR.
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2. Patients and Methods

A total of 809 patients underwent primary liver transplantation from January 2014 to
December 2020 performed by our medical team, including 36 patients with ALD (4 cases
had postoperative acute AMR) and 773 patients without ALD and postoperative acute
AMR (these data are only for the adult recipients). Four patients with end-stage liver
disease caused by ALD (Patient 1 and Patient 3 had autoimmune hepatitis; Patient 2 and
Patient 4 had primary biliary cholangitis) developed acute AMR within 30 days after ABO-
compatible LT. Acute AMR was diagnosed based on the following four criteria: (i) clinical
signs of graft dysfunction; (ii) histopathology indicative of acute injury ± positive C4d stain;
(iii) presence of PRA or human leukocyte antigen (HLA) DSA; (iv) reasonable exclusion of
other lesions that might cause a similar pattern of injury. Biochemical indicators of liver
function (including alanine aminotransferase (ALT), aspartate aminotransferase (AST),
total bilirubin (TBIL), and direct bilirubin (DBIL)), hepatic histopathology, PRA, HLA DSA,
immunosuppressive regimen, and prognosis were evaluated for each patient.

3. Histopathology

Percutaneous liver biopsy guided by ultrasound was performed when graft dysfunc-
tion was clinically indicated. All liver allograft biopsies were analyzed by an experienced
liver pathologist and reviewed by a second pathologist for the purpose of this study, ac-
cording to Banff Schema on liver allograft rejection. In addition, all liver biopsies were
completed with C4d staining in our center. The C4d positive staining criteria were vascular
endothelial cells (>50% lumen) positive staining, including hepatic sinusoidal endothelial
cells and portal interstitial microvessels, interlobular vein, and central vein endothelial cells
staining [15,16].

4. HLA Antibodies Detection

HLA antibody detection was performed using Luminex-bead-based panel reactive
screening immunoassays. Detection of HLA antibodies in patients, donor-recipient mis-
matched HLA comparisons, and DSA positivity with potential clinical significance is
preliminarily defined as mean fluorescence intensity (MFI) ≥5000; yet, the positive cutoff
values vary from laboratory to laboratory and need to be standardized [17].

5. Immunosuppression Management

Four LT recipients received an immunosuppressive regimen with steroids, mycophe-
nolate mofetil (MMF), and tacrolimus in the early post-LT period. Basiliximab (20 mg
twice, 2 h before surgery and 4 days after surgery) was used for immune induction. The
valley of tacrolimus troughs levels varies based on each patient’s clinical condition, with
an initial target valley level of 6–7 ng/mL (during the first two weeks of treatment); the
actual tacrolimus level was 4–6 ng/mL at the time that AMR was diagnosed. Acute AMR
therapies were individualized, and included steroids, ATG (25 mg, Qd), high-dose IVIG
(20 g, Qd), rituximab or bortezomib (1.3 mg/m2), and plasmapheresis (every other day, the
duration for 1.5–2 h).

5.1. Patient 1

A 48-year-old woman with end-stage liver disease caused by ALD underwent pig-
gyback LT in April 2014. One week after the transplant, the ALT (153 U/L) and AST
(118 U/L) began to increase, while bilirubin levels were normal (Figure 1a). The Doppler
ultrasound of the liver was normal, and the biopsy revealed few lymphocytes infiltrates
in the portal area, slight hepatocyte swelling, and necrosis, and slight cholestasis of cap-
illary bile ducts around the central vein compatible with Banff Schema (Figure 1b), so
mild ischemia-reperfusion injury or drug-induced liver injury was considered. To avoid
hepatotoxicity of the drugs of tacrolimus, the patient was treated with ATG therapy for
5 days (Figure 1a), during which tacrolimus was discontinued. After treatment, the ALT,
AST, and bilirubin levels remained elevated.



J. Pers. Med. 2023, 13, 41 3 of 12

J. Pers. Med. 2023, 13, x FOR PEER REVIEW 3 of 13 
 

 

A 48-year-old woman with end-stage liver disease caused by ALD underwent pig-
gyback LT in April 2014. One week after the transplant, the ALT (153 U/L) and AST (118 
U/L) began to increase, while bilirubin levels were normal (Figure 1a). The Doppler ultra-
sound of the liver was normal, and the biopsy revealed few lymphocytes infiltrates in the 
portal area, slight hepatocyte swelling, and necrosis, and slight cholestasis of capillary bile 
ducts around the central vein compatible with Banff Schema (Figure 1b), so mild ischemia-
reperfusion injury or drug-induced liver injury was considered. To avoid hepatotoxicity 
of the drugs of tacrolimus, the patient was treated with ATG therapy for 5 days (Figure 
1a), during which tacrolimus was discontinued. After treatment, the ALT, AST, and bili-
rubin levels remained elevated. 

 

 

Figure 1. (a) Clinical course of patient 1. (b) Portal inflammatory infiltrate, slight bile ductular reac-
tion, and hepatocyte swelling and necrosis around the central vein on PTD 20 (hematoxylin-eosin 
(H&E) × 400). (c) Aggravation of bile duct cholestasis, severe hepatocyte necrosis around the central 
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vein and capillaries on PTD 35 (×400). (e) Further aggravation of central perivenulitis, bile duct 

Figure 1. (a) Clinical course of patient 1. (b) Portal inflammatory infiltrate, slight bile ductular
reaction, and hepatocyte swelling and necrosis around the central vein on PTD 20 (hematoxylin-
eosin (H&E) × 400). (c) Aggravation of bile duct cholestasis, severe hepatocyte necrosis around the
central vein on PTD 35 (H&E × 400). (d) Immunocytochemistry shows negative C4d staining in the
portal vein and capillaries on PTD 35 (×400). (e) Further aggravation of central perivenulitis, bile
duct cholestasis, and hepatocyte necrosis on PTD 60 (H&E×400). (f) H&E × 100, (g) H&E × 400,
(h) H&E × 1000) Intrahepatic arterial endothelial edema, lumen stenosis, even occlusion, central
perivenulitis, severe hepatocyte necrosis around the central vein in resected transplanted liver on
PTD 62.

The second liver biopsy showed the lymphocyte infiltrates in the portal area, cholesta-
sis of the capillary bile ducts, and hepatocyte necrosis around the central vein was more
severe than before (Figure 1c). C4d stain was negative (Figure 1d). No significant bil-
iary stricture or dilation was observed by magnetic resonance cholangiopancreatography
(MRCP). HLA antibody testing showed strongly positive DSA to DQ7 (8307.19 MFI). So, the
patient was diagnosed with acute AMR and treated with high doses of IVIG, bortezomib,
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and plasmapheresis (Figure 1a). However, the ALT and AST fluctuated back and forth
during this period (they did not reach normality), while bilirubin levels continued to rise.

The third liver biopsy showed that the inflammatory infiltration in the portal area
was relieved, but focal necrosis of hepatocytes around the central vein, further aggravation
of central perivenulitis and bile duct cholestasis could be seen (Figure 1e). The liver
biochemistry was still abnormal, and cholestasis continued to worsen. In order to save
her life, she received a re-LT. The pathological findings of the resected transplanted liver
showed obvious intrahepatic arterial endothelial edema, lumen stenosis, even occlusion,
central perivenulitis, and severe hepatocyte necrosis around the central vein, which further
confirmed the occurrence of AMR (Figure 1f–h). The patient was followed for 1 year
without any adverse events.

5.2. Patient 2

A 34-year-old male with end-stage liver disease caused by ALD received ABO-identical
orthotopic LT on May 2017. The AST and ALT began to rise on PTD 20 (Figure 2a). The
Doppler ultrasound and MRCP of the liver graft were both normal. However, due to
persistent elevation in AST 924 U/L and ALT 1348 U/L, a liver biopsy was performed.
Histopathology showed lymphocyte infiltrates in the portal area, moderate to severe central
perivenulitis, hepatocyte hemorrhage, and necrosis around the central vein (Figure 2b).
C4d staining was negative (Figure 2c). Acute AMR was suspected, so he was treated with
steroids, IVIG, and ATG. Yet, liver function did not improve after treatment (Figure 2a).
Strongly positive DSA to DQ2 (9907.12 MFI) combined histopathology confirmed AMR
in the liver graft. The patients continued treatment for acute AMR with plasmapheresis,
bortezomib, IVIG, and ATG (Figure 2a). The biochemical indexes of liver function began to
gradually decrease. After treatment, liver biopsy showed inflammatory portal infiltration
and central perivenulitis were significantly relieved, and hepatocyte hemorrhage and
necrosis around the central vein were significantly reduced (Figure 2d). Terminally, the
levels of ALT, AST, and bilirubin decreased to normal 63 days after LT.
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5.3. Patient 3

A 48-year-old female with end-stage liver disease caused by ALD underwent ABO-
compatible piggyback LT in December 2017. The patient was admitted on PTD 27 due to
an elevated AST (147 U/L) and ALT (129 U/L) (Figure 3a). Doppler ultrasound and MRCP
were normal. After conservative treatment, she had continued elevation of AST, ALT, TBIL,
and DBIL, which peaked on PTD 31 at 207 U/L, 169 U/L, 138 umol/L, and 116 umol/L,
respectively. She was treated with steroids (80 mg/day) for two days, yet no significant
decrease in the biochemical indexes of liver function was observed.
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A liver biopsy revealed mild central perivenulitis and inflammatory portal infiltration
(Figure 3b). C4d stain was negative (Figure 3c). PRA of class I and II test were 98.6% and
84.1%, respectively, suggesting acute AMR. The patient then received IVIG, bortezomib,
and plasmapheresis treatment (Figure 3a). At the same time, she received steroid therapy
(500 mg of methylprednisolone for 3 days; 80 mg prednisone on day 4, and progressively
tapered to 10 mg and maintained this dosage afterward). Ultimately, the liver biochemical
parameters returned to normal 45 days after LT.

5.4. Patient 4

A 51-year-old woman with end-stage liver disease caused by ALD underwent ortho-
topic LT in December 2019. The patient was admitted on PTD 27 due to an elevated AST
(257 U/L) and ALT (422 U/L) (Figure 4a). Doppler ultrasound and MRCP were normal. A
liver biopsy showed mild lymphocytic infiltrate in the portal tract and scattered hepatocyte
necrosis (Figure 4b), so the TCMR was considered. The patient was treated with a steroid
pulse (500 mg of methylprednisolone for 3 days). After treatment, the ALT and AST began
to decrease, but bilirubin continued to rise.
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Figure 4. (a) Clinical course of patient 4. (b) Mild lymphocytic infiltrate in the portal tract, ductular
reaction, and scattered hepatocyte necrosis on PTD 28 (H&E × 400). (c) Central perivenulitis and
hepatocyte necrosis around the central vein furtherly aggravated and lymphocytic infiltrate in the
portal tract on PTD 39 (H&E × 400). (d) Negative C4d staining on PTD 39 (×200).



J. Pers. Med. 2023, 13, 41 7 of 12

On PTD 39, the TBIL and DBIL were 176.2 µmol/L and 157.7 µmol/L, respectively.
Besides lymphocytic infiltration in the portal tract, the second liver biopsy showed further
aggravated central perivenulitis and hepatocyte necrosis around the central vein (Figure 4c).
C4d stain was negative (Figure 4d). In addition, HLA antibody testing showed strongly
positive DSA to DQ7 (11126.41 MFI) and DQ9 (10642.11 MFI), which suggested acute AMR.

In the next half month, the patient was given plasmapheresis, combined with rituximab
(100 mg, twice with an interval of 5 days), ATG, and IVIG treatment (Figure 4a). During
this period, she had continued elevation of her TBIL and DBIL, which peaked at 505.2
µmol/L and 421.2 µmol/L on PTD 49, respectively. Repeat antibody testing showed DSA
to DQ7 (7178.65 MFI) and DQ9 (6573.781 MFI) were decreased on PTD 54. On PTD 65, the
bilirubin levels began to decrease. Eventually, the ALT, AST, TBIL, and DBIL returned to
normal on PTD 126.

6. Results

From January 2014 to December 2020, in our medical group, the incidence of acute
AMR was 0.49% (4/809), and the incidence rates of acute AMR after LT in ALD and non-
ALD recipients were 11.1% (4/36) and 0% (0/773), respectively. The incidence of AMR was
significantly higher in patients with ALD than in those without ALD.

Four LT recipients were diagnosed with acute AMR based on the clinical manifes-
tations, histopathological and immunological criteria described above. Simultaneously,
the recurrence of ALD was ruled out in all the patients. A summary of their clinical
characteristics, histopathology, and outcomes is shown in Table 1.

While treatment modality varied for each patient, all patients were treated with
plasmapheresis, which was well tolerated. Because of the delay in diagnosis, patient 1 had
acute refractory AMR and received re-LT. The other three patients showed improvement in
graft function after therapy. All patients were followed up for 1 year after discharge, and
the liver functions were normal.
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Table 1. Summary of cases of acute AMR following LT.

Treatment a
Pat
ient

Age,
Sex

Start of
Graft Dys-
function

PRA
Class I

PRA
Class II

DSA
Speci-
ficity

Ster
oids

Plasma
pheresis IVIG Ritux

imab ATG Bortez
omib

AMR
Outcome

Notable Findings on Liver Histopathology
C4d

Stain

PTD 20: portal inflammatory infiltrate, slight bile ductular reaction
and hepatocyte swelling and necrosis around the central vein
PTD 35: the aggravation of bile duct cholestasis, severe hepatocyte
necrosis around the central vein
PTD 60: further aggravation of central perivenulitis, bile duct
cholestasis, and hepatocyte necrosis

1 48 y, F PTD 7 3.40% 95.90% DQ 7 3 3 3 3
Re-LT,

survival

PTD62: intrahepatic arterial endothelial edema, lumen stenosis,
even occlusion, central perivenulitis, severe hepatocyte necrosis
around the central vein in resected transplanted liver

-

2 34 y, M PTD 20 2.17% 0.31% DQ 2 3 3 3 3 3 Survival

PTD 30: lymphocyte infiltrates in the portal area, moderate to
severe central perivenulitis, local hepatocyte hemorrhage and
necrosis around central vein

-

PTD 51: mild central perivenulitis
3 44 y, F PTD 27 98.56% 84.05% NT 3 3 3 3 Survival PTD 33: mild central perivenulitis, portal inflammatory infiltration -

PTD 28: mild lymphocytic infiltrate in portal tract, ductular
reaction, and scattered hepatocyte necrosis

4 51 y, F PTD 27 42.30% 41.50%
DQ 7,
DQ9 3 3 3 3 3 3 Survival PTD 39: central perivenulitis and hepatocyte necrosis around the

central vein furtherly aggravated, and lymphocytic infiltrate in
portal tract

-

F, female; M, male; NT, not tested; y, years old. a Treatment in addition to standard induction and maintenance immunosuppression.
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7. Discussion

The incidence of AMR in ABO-compatible LT is relatively low, and AMR was found
in the case reports and reviews to lead to liver allograft dysfunction, and the failure of
transplantation is relatively rare [18]. Herein, we reported four patients with ALD who
developed acute AMR after LT. Based on our findings, liver dysfunction and hyperbiliru-
binemia early after surgery can indicate acute AMR, yet the following conditions should be
excluded first: ischemia/reperfusion injury, biliary obstruction and/or stenosis, hepatic
artery thrombosis, acute TCMR, viral infections, recurrent primary disease [19–21]. In this
study, patient 1 was diagnosed late with AMR due to an insufficient understanding of
the characteristics of AMR and thus missed the optimal treatment time; anti-AMR treat-
ment failed to save the liver graft failure, and re-LT was the only treatment for AMR. The
failure of patient 1 suggests that histopathological manifestations of central perivenulitis,
hepatocyte hemorrhage, and necrosis around the central vein could be suggestive of acute
AMR. Interestingly, these manifestations were found in the other three patients. Yet, in
those cases, acute AMR was diagnosed and timely treated, so the other three patients had
good prognosis.

According to the 2016 Banff Working Group on Liver Allograft Pathology, the “sig-
nature” acute AMR microvascular pathology lesions include endothelial cell enlarge-
ment/hypertrophy with dilatation and edema, and endothelitis with intraepithelial and
marginating eosinophils, macrophages, lymphocytes, and neutrophils within the portal
veins, capillaries, and inlet venules [15]. In addition, acute TCMR histopathology often
shows venous endothelial inflammation in the portal tract, bile duct inflammation damage,
and portal inflammation. Although the pathological manifestations of acute AMR were
more serious in our patients and often involved the centrilobular vein, the most common
features included central perivenulitis, hepatocyte hemorrhage, and necrosis around the
central vein (Table 1). Therefore, we believe that lymphocyte infiltrates in the portal area,
central perivenulitis, hepatocyte hemorrhage, and necrosis around the central vein are
outstanding pathological features of acute AMR in liver graft. When the above-mentioned
pathological manifestations occur, further C4d staining and DSA examination should be
conducted to confirm the occurrence of AMR.

C4d staining is a key component in diagnosing acute AMR [22]. Meanwhile, diffuse
microvascular C4d deposition is part of the Banff standard. However, studies have shown
that the positive rate of C4d in LT AMR is only 4.5%, which is far lower than the positive
rate of C4d in transplanted kidney biopsy tissue of 15% [23]. Other studies have shown
that C4d is more common in chronic inflammatory liver diseases than AMR (54% vs. 3.7%,
respectively) [24]. Complements may have different roles in liver rejection because many
of the complement components are produced in the liver. Therefore, the liver endothelium
has a stronger resistance to complement-induced damage [25]. All the LT recipients in
our study were negative for C4d staining, but combined with pathological findings and
HLA-DSA, excluding possible causes of a similar injury, all were diagnosed as acute AMR.
Furthermore, anti-AMR therapy was highly effective. Therefore, C4d-negative LT recipients
can be diagnosed when they meet other diagnostic criteria for acute AMR.

Class II DSA is more associated with graft dysfunction of all organ types. AMR
can occur in prefabricated or de novo class I and/or class II DSA [26–28]. In our case
series, three of four patients with acute AMR were associated with class II DSA (Table 1).
Although patient 3 HLA-DSA results were negative, PRA class I and II sensitivities were
>80%; thus, it is suggested that non-HLA-DSA antibodies have an important role in AMR.
The histopathological damage of patient 3 was mild, and the effect of anti-AMR therapy
was remarkable. AMR was confirmed based on the clinical manifestations and evaluation
of liver function, liver biopsy results, and effective anti-AMR therapy.

The mainstay of treatment is plasmapheresis and IVIG that theoretically remove
and neutralize the antibodies mediating the rejection process [29]. The other modalities
experimented with all work against B cells and plasma cells, which are the main cell type
in the pathophysiology of AMR. Examples include rituximab (an anti-CD20 antibody, the
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depletion of naive and memory B cells), bortezomib (inactivation of plasma cells), and
eculizumab (the blockade of complement component C5 by monoclonal antibodies) [29].
Yet, bortezomib has been associated with some adverse reactions, such as viral infection,
thrombocytopenia, or peripheral neuropathy. Additionally, there is a potential risk of
persistent B cell failure and hypogammaglobulinemia when bortezomib is combined with
rituximab [30]. Steroids have also been found to reduce the likelihood of de novo DSA,
and a combination of tacrolimus and steroids may be effective [31,32]. Because activating B
cells requires the assistance of T cells, acute TCMR is also accompanied by the process of
AMR, so we think it is necessary to apply ATG or steroids in anti-AMR therapy. In our case
series, a combination of steroids, ATG, plasmapheresis, IVIG, and bortezomib anti-AMR
therapies appeared to be most efficacious (Table 1). For LT recipients whose anti-AMR
treatment cannot save AMR-induced graft injury, the most important thing is to select the
donor for re-LT [33]. We suggest evaluating DSA before re-LT to guide clinical management
when allograft dysfunction, rejection, or other complications occur after re-LT [12]. The
experience of the failure of anti-AMR therapy in patient 1 suggests that acute AMR should
be examined and early and timely treated. If the function of the graft cannot be reversed
after anti-AMR therapy, re-LT should be considered as soon as possible.

Our data suggest that ALD patients are prone to acute AMR after LT. In order to
prevent the occurrence of acute AMR, ATG or basiliximab immune induction is recom-
mended; ATG or basiliximab induction strategies are often used to delay the introduction
of calcineurin inhibitor (CNI) therapy in patients with renal dysfunction. Induction ther-
apy is also used for those at higher immunological risk (re-transplantation for rejection,
immune-mediated liver disease, simultaneous liver-kidney; highly sensitized)7. Simul-
taneously, a too-low tacrolimus blood concentration should be avoided and maintained
at about 7–10 ng/mL. In order to avoid insufficient immunosuppression, post-transplant
maintenance immunosuppression regimens should be tacrolimus combined with MMF
and steroids.

The present study has several limitations. This is a retrospective study, and the
number of cases with AMR was small. All four recipients with AMR had ALD, and two
had autoimmune hepatitis, while the specific type of the other two cases was primary
biliary cholangitis.

8. Conclusions

Herein, we reported four cases of AMR in ALD patients who underwent LT. AMR
was not observed in LT patients without ALD. The main characteristic manifestations of
AMR were central perivenulitis, hepatocyte hemorrhage, and necrosis around the central
vein in liver biopsy, even if the C4d staining was negative. Combined with DSA or PRA,
acute AMR should be timely examined. To sum up, our data suggest that ALD patients are
prone to acute AMR after LT.
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