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Complement degradation product C4d has become an important marker of humoral or antibody-mediated
rejection in renal and heart allograft biopsies. Although there have been several reports on the detection of C4d
in liver allografts, the significance of C4d in liver transplantation and its relationship with humoral rejection are
still not clear. We investigated the frequency and pattern of C4d staining in liver allograft biopsies with
reference to preoperative lymphocyte crossmatch tests, which detect donor-reactive lymphocyte antibody.
Survival rates at 5 years were 77% for crossmatch-negative patients and 53% for crossmatch-positive patients
(P¼ 0.009). In crossmatch-negative patients, reproducible positive staining was obtained in 28 of 86 (33%)
biopsies taken within 90 days after transplantation and 33 of 96 (34%) biopsies 90 days or after transplantation.
Most C4d staining was observed in the portal areas, and no clear correlation was observed between C4d
positivity and histological diagnosis. In crossmatch-positive patients, 9 of 11 (82%) biopsies showed positivity
for C4d. C4d stained perivenular areas as well as portal areas. Histology of crossmatch-positive patients
included acute rejection and cholangitis, but did not include periportal changes that were seen in humoral
rejection in ABO-incompatible liver transplantation. In summary, focal C4d deposition was seen in various
types of liver allograft injury and had little clinical impact on crossmatch-negative patients, but extensive C4d
staining in crossmatch-positive patients may be associated with humoral rejection and poor graft survival.
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The occurrence of cellular rejection or T-cell-
mediated rejection is well known in any solid organ
transplantation, but the significance of humoral or
antibody-mediated rejection in liver allograft re-
mains uncertain. In clinical practice, hyperacute
rejection is very rare, and some initial reports
suggested that liver allografts were much more
resistant to humoral rejection than other solid
organ allografts.1–3 It is natural for the liver to be
considered an ‘immunologically privileged organ’,
and cadaveric donor liver transplantation is usually
performed without considering human leukocyte
antigen (HLA) matching.4

However, other studies including the most recent
reported that some cases of positive lymphocyte
crossmatch or positive panel reactive antibody were
associated with decreased liver graft survival.5–7

Histological changes included portal edema with
neutrophilic infiltration and platelet thrombi in the
venules, accompanied by ductular proliferation and
cholestasis.5 These changes are similar to the
changes seen in biliary stricture. Histological diag-
nostic criteria for humoral rejection have not been
established in liver allografts.

In contrast, the importance of clinical humoral
rejection caused by preformed anti-donor-HLA anti-
body is widely recognized in kidney and heart
transplantation. For pathological evaluation, C4d
deposition has now been accepted as an important
marker for the assessment of humoral or antibody-
mediated rejection, which causes acute and chronic
allograft dysfunction and graft loss.8–10

The role of C4d in the evaluation of humoral
rejection in liver allografts has not been clearly
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described.8 Recent papers reported the demonstra-
tion of C4d in liver allografts, especially in allografts
showing cellular or apparent humoral rejection,
but the status of anti-donor antibodies was not
described in most cases.11–19 In ABO-incompatible
transplantation, our group reported that portal
stromal C4d immunostaining was associated with
a high postoperative titer of anti-A/B antibody and
reduced graft survival, suggesting the association of
C4d deposition and ABO-incompatible humoral
rejection.20

In this study, we focused on the role of C4d
immunohistochemistry in ABO-identical/compati-
ble liver allografts with reference to preformed
alloantibodies evaluated by lymphocyte crossmatch
tests. We also evaluated the pattern of C4d deposi-
tion and conventional morphology.

Materials and methods

Case Selection and Clinical Backgrounds

Between January 1996 and December 2005, 764
primary living donor liver transplantations were
performed in Kyoto University without ABO in-
compatibility. This series included liver transplan-
tation for both children (age under 16, 356 patients)
and adults (age 16 or older, 408 patients). Deceased
donor liver transplantation, ABO-incompatible
transplantation and re-transplantation were not
included in this study. The patients’ characteristics
are shown in Table 1. Among them, 749 (98%) were
crossmatch-negative patients and 15 (2%) were
crossmatch-positive. As of July 2006, 2627 allograft
biopsies (crossmatch-negative, 2595; crossmatch-
positive, 32) were taken after living donor liver
transplantation. For the evaluation of crossmatch-

negative patients, 10% of biopsies were selected
from every other ten accession numbers, and
biopsies that were not given definitive histological
diagnosis or did not contain five or more portal
tracts were excluded from the study. In this method,
we selected 182 biopsies from 152 patients for C4d
staining. For crossmatch-positive patients, 32 biop-
sies were obtained from 11 patients. Among them,
all first postoperative biopsies and five follow-up
biopsies were available for C4d staining.

The baseline immunosuppression protocol con-
sisted of tacrolimus and low-dose steroids. For
tacrolimus, the post-transplant target whole-blood
trough level was 10–12 ng/ml during the first 2
weeks and the dose was tapered thereafter. Main-
tenance trough level after 3 months transplantation
was around 5ng/ml in most cases. Steroids were
started at graft reperfusion at a dose of 10mg/kg, and
then gradually reduced and discontinued. Biopsy-
proven rejection was treated with steroid bolus
therapy. Around 2000, mycophenolate mophetil
was administered for selected patients with steroid-
resistant rejection.

Lymphocyte Crossmatch Test

Pretransplant lymphocyte crossmatch test was per-
formed using both direct complement-dependent
cytotoxicity and anti-human globulin. Incubation
was performed using 1 ml of donor lymphocyte
suspension and 5 ml of recipient serum in a Terasaki
plate (Nunc, Roskilde, Denmark) at room tempera-
ture for 30min. For anti-human globulin-enhanced
complement-dependent cytotoxicity, anti-human
globulin (Goat IgG k and l light chains) was added
and incubated at room temperature for 3min. Five
microliters of rabbit complement was added to
each well and the mixture was incubated at
room temperature for 60min. Two microliters of
5% eosin solution was added and the cells were
fixed with formalin. The plate was examined using
phase contrast microscopy (IMT-2, Olympus; Tokyo,
Japan). The results were considered positive when
more than 20% of the donor lymphocytes were
killed by the recipient’s serum in either test.

Histological Examination

Eighteen-gauge liver core tissue biopsies were
placed in 10% buffered formalin from several hours
to overnight, processed routinely and sliced into
3mm paraffin sections. The staining methods for
routine histological evaluation included hematox-
ylin and eosin, Masson trichrome and immunostain-
ing of cytokeratin 7 (OV-TL 12/30, DakoCytomation,
Denmark, dilution 1:200). Staining was performed
for two serial sections.

Histologic diagnosis was by pathologists (HS, HH,
MCW and AMH) in routine clinical practice. The
diagnosis of acute rejection and chronic rejection

Table 1 Patient selection

Total number of primary living donor liver
transplantation (1996–2005)

764

Crossmatch-negative patients 749 (98%)
Male:female 366:383
Age under 16 (median 1, range 0–15) 151:200
Age 16 or older (median 48, range 16–69) 215:183
Total number of postoperative biopsies 2595 (0–33,

median 3)
C4d-stained biopsy 182
Male:female 82:100
Age under 16 (median 1, range 0–15) 23:51
Age 16 or older (median 51, 16–69) 59:49

Crossmatch-positive patients 15 (2%)
Male:female 3:12
Age under 16 (median 8, range 1–11) 2:3
Age 16 or older (median 51, range 17–67) 1:9
Total number of postoperative biopsies 32 (0–9,

median 2)
C4d stained biopsies 16
Male:female 4:12
Age under 16 (median 8, range 1–11) 3:3
Age 16 or older (median 50, range 33–67) 1:9

C4d in liver transplantation
H Sakashita et al

677

Modern Pathology (2007) 20, 676–684



was made according to Banff criteria.21,22 Diagnosis
of HCV hepatitis was made considering the levels of
serum HCV RNA. Combination of lobular changes
with apoptotic hepatocytes and slight portal inflam-
mation was diagnosed as ‘lobular hepatitis C’,
suggesting early recurrent hepatitis C.23 Cholangitis
was diagnosed using the standard criteria of surgical
pathology and confirmed by the presence of biliary
leak, biliary stricture, or infection.

To clarify the effect of antibody-mediated rejec-
tion in early and late postoperative courses, each
biopsy was categorized as early (taken no earlier
than 90 days posttransplantation) or late (obtained
later than 90 days after transplantation).

C4d Immunostaining and Control Materials

The polyclonal antibody against C4d complement
(BI-RC4D; Biomedica, Vienna, Austria, 1:50) was
used for immunostaining with an automated im-
munostainer (BENCHMARKsXT, Ventana Medical
Systems, Tucson, AZ, USA). For antigen retrieval,
deparaffinized and rehydrated sections were treated
with protease I (Ventana, 0.5U/ml) at 371C for
20min.

We used lymphoid tissue with follicular hyper-
plasia as a positive control for C4d staining.24 A
reticular staining pattern in germinal centers was
confirmed in every C4d immunostaining. As for
other positive control specimens, several liver
allograft biopsies and one kidney allograft biopsy
from ABO-incompatible transplantation were also
available.25 ABO-incompatible humoral rejection
showed strong portal and periportal C4d staining
in the liver. Glomerular and peritubular capillary
staining was seen in the kidney. Five needle
biopsies of living donor candidates with near-
normal histology and 10 wedge biopsies of the liver
allografts taken during graft resection (time-zero
biopsy) were used as negative controls.

Evaluation of C4d Immunostaining

Two pathologists (HS and HH) independently
evaluated the C4d immunostaining slides of the
liver biopsies. To minimize false-negative cases,
biopsies showing any portal stromal or endothelial
staining were evaluated as positive.26 Stromal
positivity was recorded with or without endothelial
staining.20 Biopsies in which only vascular endothe-
lium was stained were evaluated as endothelial-only
positive. Staining involving 50% or more of the
portal tracts was classified as diffuse, whereas less
than 50% as focal. Staining of hepatocytes or
sinusoids was recorded but not categorized as
diffuse or focal. Faint connective tissue staining
outside the liver parenchyma and staining of elastic
fibers were regarded as nonspecific and considered
negative. Completely negative staining was evalu-
ated as negative.

Statistical Analysis

Statistical significance of differences among groups
was assessed by Fisher’s exact test or analysis of
variance (ANOVA). Patient survival was determined
by Kaplan–Meier analysis and differences in survi-
val were analyzed by the log-rank test. For all
analyses, P-values of less than 0.05 were taken as
significant.

Results

Survival of Liver Allografts

As of July 2006, 175 crossmatch-negative patients
and seven crossmatch-positive patients died or
underwent retransplantation. Crossmatch-negative
patients showed significantly better graft survival
rate at 5 years than crossmatch-positive patients (77
vs 53%, P¼ 0.009, Figure 1). Causes of graft loss in
crossmatch-negative patients consisted of sepsis
or multiorgan failure (47%), recurrence of original
disease (16%), rejection or de novo autoimmune
hepatitis (15%), anastomotic complication (7%),
and others (14%). In crossmatch-positive patients,
three (43%) died of sepsis, three (43%) died of
anastomotic complication (two hepatic artery rup-
ture and one massive hemorrhage), and one (14%)
underwent retransplantation for probable portal
overperfusion due to small-for-size graft.

C4d Immunostaining and Histology in
Crossmatch-Negative Patients

Representative C4d staining patterns are shown in
Figure 2. The intensity of endothelial-only staining
varied, being usually focal but distinctly positive in
capillaries in the portal tracts (Figure 2a). Sinusoidal
staining was unusual and faint. Staining in the
internal elastic lamina of the hepatic artery was
occasionally seen in nontransplant settings and
was considered nonspecific (Figure 2b). In portal
stromal staining, C4d staining was observed in the

Figure 1 The overall graft survival curves of crossmatch-negative
patients (n¼ 749) and crossmatch-positive patients (n¼ 15).
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stroma surrounding portal capillaries or bile ducts
(Figure 2c).

The hepatic capsule was usually negative and
faint staining in time-zero biopsy was regarded as
negative (Figure 2d).

Table 2 shows the results of early biopsies in
crossmatch-negative patients. Among these, 28 of 86
cases (33%) showed stromal- or endothelial-positive
staining. The highest frequency was seen in moder-
ate to severe acute rejection (35%), but that was not
significantly different from lobular hepatitis C (33%)
or early chronic rejection (33%). The most common
staining pattern was endothelial-only staining. The
focal stromal staining pattern was most frequently
seen in moderate to severe acute rejection showing
C4d positivity (7/12, 58%), but was also observed
in lobular hepatitis C (1/3, 33%) and early chronic
rejection (1/2, 50%).

Table 3 shows the results of late biopsies in
crossmatch-negative patients. Positive staining was
seen in 33 of 96 (34%) biopsies. Chronic hepatitis C
tended to show a lower frequency of C4d (2/13,
15%). Chronic rejection revealed positivity in four

of five (80%), and all showed endothelial staining.
The focal stromal staining pattern was seen in two
cases of lobular hepatitis C, one case of chronic
hepatitis C, one case of de novo autoimmune
hepatitis, and one case of recurrent primary biliary
cirrhosis. C4d staining did not affect those patients’
graft survival (data not shown).

Figure 2 Representative C4d staining in crossmatch-negative patients. Capillary staining of C4d in the portal area showing acute
rejection (a). Internal lamina of the hepatic artery (b). Acute rejection with portal stromal staining surrounding blood vessels or bile ducts
(c). Faint capsular staining in time-zero biopsy (d).

Table 2 Early (PODr90 days) histological diagnoses and
frequency of C4d positivity in crossmatch-negative patients

Histological diagnoses C4d positivity

Acute rejection, mild 1/4 (25%)
Acute rejection, moderate to severe 12/34 (35%)
Acute cholangitis 4/16 (25%)
Cholestasis 4/11 (36%)
Chronic rejection (early phase) 2/6 (33%)
Lobular HCV hepatitis 3/9 (33%)
Lobular inflammation 1/5 (20%)
Steatosis 1/1 (100%)

Total 28/86 (33%)

POD, postoperative days.
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C4d Immunostaining and Clinicopathological Results
in Crossmatch-Positive Patients

Clinicopathological features of crossmatch-positive
patients are summarized in Table 4. Nine of 11 (82%)
initial biopsies showed C4d positivity, which was
significantly higher than biopsies from crossmatch-
negative patients (82 vs 34%, P¼ 0.002). Seven of nine
(77%) stainings were associated with perivenular or

lobular C4d deposition as well as portal stroma. Two
late biopsies were included in C4d-positive biopsies.
Representative portal and perivenular staining patterns
in crossmatch-positive patients are shown in Figure 3.

The histology of those seven stromal-positive
cases varied: two cases of moderate to severe acute
rejection, two acute cholangitis, one lobular inflam-
mation, one hepatocanalicular cholestasis, and one
portal hemorrhage were included. Typical periportal
edema and periportal necrosis, which we observed
in early humoral rejection in ABO-incompatible
transplantation, were not evident in those patients.

Second postoperative biopsies were available in
cases 6, 7, 13, 14, and 15. Cases 6 and 15 showed
persistent endothelial and stromal staining at post-
operative day 74 and 13, respectively. Cases 7, 13,
and 14 were negative for C4d at days 723, 911, and
F410, respectively.

Three of the four patients whose biopsy was not
available died within 30 days after transplantation.
Three of the seven with C4d stromal positivity died
within 90 days after transplantation. One of two
patients with endothelial staining died 118 days
after transplantation. Two patients whose biopsy
was negative for C4d were alive and well.

Discussion

In crossmatch-negative patients, more than half of
the biopsies were completely negative for C4d, but

Table 3 Late (POD490 days) histological diagnoses and fre-
quency of C4d positivity in crossmatch-negative patients

Histological diagnoses C4d positivity

Acute rejection, mild 0/7 (0%)
Acute rejection, moderate to severe 2/6 (33%)
Acute cholangitis 0/1 (0%)
Chronic cholangitis 4/8 (50%)
Cholestasis 0/1 (0%)
Chronic rejection (late phase) 4/5 (80%)
Chronic HCV hepatitis 2/13 (15%)
Chronic HBV hepatitis 1/4 (25%)
Lobular HCV hepatitis 4/6 (67%)
Mild lobular inflammation 3/10 (30%)
Mild portal inflammation 2/4 (50%)
Perivenular or portal fibrosis 6/12 (50%)
Recurrent primary biliary cirrhosis 2/3 (67%)
De novo autoimmune hepatitis 3/10 (30%)
Steatosis 0/4 (0%)
No remarkable change 0/2 (0%)

Total 33/96 (34%)

POD, postoperative days.

Table 4 Clinical and histological summary of crossmatch-positive patients (n¼15)

Case Age/sex Original liver disease Initial biopsy (POD) C4d staining Follow-up (POD)

1 11/F BA Portal hemorrhage (2) S Retransplantation (2), hemorrhagic
necrosis; dead (22)

2 7/M WD Moderate AR (28) S Alive (3547)
3 33/M HCV-LC Cholangitis (57) E Alive (2565)
4 59/F PBC Moderate AR (204) N Alive (2301)
5 10/F BA No biopsy — Alive (2273)
6 67/F PBC Cholangitis (40) E Dead (118), sepsis
7 8/M WD Severe AR (22) N Alive (1979)
8 44/F CHF No biopsy — Dead (12), intraabdominal hemorrhage

and sepsis
9 53/F PBC No biopsy — Dead (26), sepsis
10 19/F BA No biopsy — Dead (28), hepatic artery rupture
11 49/F HCV LC Cholestasis (18) S Dead (69), sepsis and hepatic artery

leakage
12 47/F PBC Cholangitis (183) S Alive (1475)
13 50/F PBC Cholangitis (183) S Alive (1020)
14 1/F BA Severe AR (8) S Alive (857)
15 47/F Metastatic

neuroendocrine tumor
Lobular inflammation (3) S Dead (49), intraabdominal hemorrhage

AR, acute rejection; BA, biliary atresia; CHF, congenital hepatic fibrosis; HCV-LC; hepatitis C cirrhosis; PBC, primary biliary cirrhosis; POD,
postoperative day; WD, Wilson’s disease. S, stromal and endothelial positive (including sinusoids and perivenular areas); E, portal capillary or
arterial staining only; N, negative; —, not evaluated.

Figure 3 C4d staining in crossmatch-positive patients. (a, b) Case 14 (day 8) showing acute rejection with portal stromal C4d staining;
(c, d) case 11 (day 18) with minimal portal inflammation with portal stromal staining; (e, f) case 14 (day 8) centrilobular necrosis with
perivenular and hepatocyte C4d staining; (g, h) case 15 (day 3) lobular inflammation with sinusoidal macrophage proliferation and
steatosis demonstrating perivenular C4d deposition.
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various histologies showed C4d staining in early
and late postoperative courses. As in other reports,
late-phase chronic rejection tended to show a high
percentage of C4d positivity and chronic hepatitis C
showed low C4d positivity.15,18 However, less than
half of the acute rejection cases showed C4d
positivity, and a similar frequency of C4d staining
was observed in lobular hepatitis C, which makes it
difficult to use C4d as a marker of acute rejection in
patients with hepatitis C infection. In this series,
C4d staining for crossmatch-negative and ABO-
compatible/identical liver transplantation does not
seem to be a useful marker for histological diagnosis.
C4d deposition in those biopsies may be a reaction
to nonspecific cellular injury including infection
and rejection.

Controversy remains regarding the significance of
C4d and its staining pattern in liver transplantation.
So far, there is no consensus as to the anatomic
pattern of C4d staining in liver allograft rejection.
The differences of staining protocols including the
type of materials (frozen or formalin-fixed tissue),
type of C4d antibodies, and antigen retrieval can
affect the results of C4d staining. At present, the
only consensus is that there is virtually no immu-
noreactivity for C4d in normal liver or time-zero
biopsy at liver transplantation. The Berlin group
reported that half or more of patients diagnosed with
acute rejection showed C4d deposits along portal
vessels, mainly portal veins, and C4d may be a
useful marker to distinguish acute rejection from
recurrent hepatitis C.11,14,15 Other groups empha-
sized that hepatic lobules or sinusoidal deposition
was more specific in hepatic rejection and may be
useful to differentiate rejection from recurrent viral
hepatitis.12,16–18 Complement activation in the sinu-
soids may be seen in conditions other than rejection,
and clinicopathological correlation is always neces-
sary in the evaluation of C4d deposition.27,28 Non-
specific staining should also be excluded using
proper positive and negative controls. As proposed
in the meeting report of a national conference to
assess antibody-mediated rejection, humoral rejec-
tion should be characterized by (1) clinical, (2)
morphologic, (3) immunopathologic, and (4) serolo-
gic evidence.9 Recently, Watson et al29 reported a
clearcut case of antibody-mediated rejection includ-
ing distinct sinusoidal C4d deposition. They also
observed mild C4d deposition in the portal areas but
described the changes as nondiagnostic, although
hematoxylin–eosin-stained specimens showed signi-
ficant morphological changes in portal tracts.

In our study, lymphocyte crossmatch-positive
patients showed reduced graft survival and strong
C4d staining, which suggested the possible effect of
humoral rejection. C4d deposition in crossmatch-
positive patients was seen in perivenular areas as
well as in portal areas.

It may be thought that the major drawback of this
study was the lack of data from frozen tissue. C4d on
paraffin sections tended to be less sensitive than on

frozen sections.30 In our routine practice, obtaining
frozen tissue was difficult. Possible low sensitivity,
however, did not seem to affect the value of C4d
staining in liver transplantation. Our results are that
only strong and extensive staining can have clinical
impact and that faint staining seems to be negligible
in our routine practice.

In cellular rejection, most inflammatory response
is localized in the portal tracts and perivenular
areas, which are rich in HLA class II antigen.31,32

Sinusoidal endothelium is generally not a main
target for the cellular immune response; rather, liver
sinusoidal endothelial cells might be associated
with resistance of the liver to cellular-mediated
rejection.33,34

In humoral rejection, on the other hand, target
cells with alloantigens would be directly recognized
by alloantibodies, and the anatomic patterns of liver
injury are expected to parallel the distribution of
antigens. ABO antigens are relatively restricted to
portal areas,35,36 whereas HLA class I are expressed
on all endothelial cells.37 There is also a report
suggesting that antibodies against sinusoidal cells
can be related to rejection episodes.38 Although our
current protocol of C4d staining using paraffin-
embedded sections did not always demonstrate
sinusoidal endothelial staining, perivenular staining
was observed in crossmatch-positive patients. Con-
sidering these facts, crossmatch-positive humoral
rejection may be characterized by more widely
distributed C4d deposition than the usual acute
‘cellular’ rejection or ABO-incompatible humoral
rejection.

In this series, the histology of crossmatch-positive
cases did not include typical periportal edema or
hemorrhage, which was typical of ABO-incompati-
ble rejection.25 Only one case showed massive
hemorrhagic necrosis in biopsy, but was clinically
attributed to small-for-size graft and portal over-
perfusion. Acute rejection and purulent cholangitis
are the most frequent histology, but nonspecific
changes such as lobular inflammation or cholestasis
were also observed. It seems safe to conclude that
conventional morphological evaluation is not diag-
nostic in crossmatch-positive humoral rejection,
and immunopathological evaluation is necessary.5,29

Clinically, causes of graft loss in crossmatch-
positive patients were difficult to evaluate. It is of
note that the patients died of sepsis or vascular
complication or both. It has already been reported
that crossmatch-positive patients were more likely
to suffer from sepsis in the early period after
transplantation.6,7 Vascular complication may be
explained by vascular damage caused by humoral
rejection, but why sepsis relates to humoral rejec-
tion remains unclear. In cases of sepsis, humoral
rejection might be masked by the histology of ‘septic
cholangitis’ or unrecognized because of a lack of
biopsy and immunopathological studies.

A previous study by our group demonstrated that
positive flowcytometry crossmatch was associated
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with a higher rate of clinical rejection episodes in
pediatric patients but was not associated with graft
survival.39 That study did not include adult patients
and flowcytometry was used instead of a comple-
ment cytotoxicity test. In this study, crossmatch
positivity was associated with reduced graft survi-
val, and all graft failures occurred in women.
Complement-dependent cytotoxicity seemed less
sensitive but more specific for the prediction of
severe humoral rejection. Infants or young children
often escape severe humoral rejection or achieve
accommodation in ABO-incompatible transplanta-
tion, and this may be the case in crossmatch-positive
transplantation.10,40 On the other hand, caution
should be taken for female patients with children
or patients who received a transfusion since they
have a higher risk of sensitization to allogenic HLA
antigens.6

In conclusion, C4d deposit in ABO-compatible/
identical liver transplantation, unlike in kidney or
cardiac transplantation, is not always specifically
associated with rejection histology; however,
extensive staining of C4d suggested possible
humoral rejection in crossmatch-positive patients.
Clinicopathological correlation is essential in the
evaluation of C4d immunostaining in liver trans-
plantation.
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