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Abstract 

Background:  Currently, research on the quantitative distribution of ABO antigens in different organs and tissues 
remains limited. We aimed to examine the individual characteristics of blood group glycoprotein A and B antigen 
expression in human kidneys and livers.

Methods:  We obtained human samples, including the renal artery, renal vein, renal tissue, hepatic artery, hepatic 
vein, portal vein, and hepatic tissue, from 24 deceased organ transplant donors. The expression of the blood group 
antigens glycoprotein A and B was analysed and compared by Western blotting.

Results:  There was no significant difference in the expression between blood group glycoprotein A and B antigens 
at any of the seven sites (p > 0.05). The expression of both A and B antigens was highest in renal tissue and the portal 
vein and was lowest in the renal artery. A large difference in glycoprotein antigen expression was observed among 
various donors or different regions of the same individual. Univariate analysis revealed that glycoprotein A/B antigens 
were affected by the age and sex of donors and were significantly higher in males and in young people.

Conclusions:  Our study found that blood group glycoprotein antigen expression showed certain trends and distinct 
distribution in the kidney, liver, and vessels among individuals and in different regions of the same individual, which 
may explain the different clinical outcomes of patients who received ABO-incompatible transplantation.
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Introduction
The transplantation of ABO-incompatible (ABOi) donor 
allografts into recipients with naturally occurring anti-
A or B antibodies may sometimes result in antibody-
mediated rejection (AMR); this process is initiated by 
antibodies binding to A or B antigens present on the 
vascular endothelium within the graft and subsequent 

complement activation [1]. Thus, pre-existing anti-donor 
ABO antibodies in recipient blood must be removed 
before ABOi transplantation, and antibody rebound must 
be prevented after transplantation [2, 3]. Currently, clini-
cal preconditioning protocols exclusively consider the 
anti-donor ABO antibody titre, which must be reduced 
to the “safe” range (e.g., ≤ 1:16 in most transplant cen-
tres) on the transplant day [4–6]. Performing organ 
transplantation in ABO-incompatible cases continues to 
pose a significant challenge [7]. Even when the ABO anti-
body titre was “safe” on the day of transplantation, some 
ABOi recipients still experienced AMR or even hyper-
acute rejection [8, 9]. In contrast, some ABOi allografts 
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survived without AMR when the posttransplant ABO 
antibody titre gradually increased to the preoperative 
level [10, 11]. It is unclear why these two contrasting 
events occur.

To date, most studies have focused on the anti-donor 
ABO antibody titre of recipients, and very little is known 
about the influence of the donor expression pattern of 
A/B antigens on posttransplant AMR incidence. It is 
hypothesized that, in addition to ABO antibodies, the 
onset and absence of AMR in these ABOi recipients may 
also be attributed to the individual pattern of distribution, 
subtype, and levels of ABO blood group antigens within 
the allograft. Several previous studies have described the 
expression pattern of organ- surface A/B antigens. On the 
vascular endothelial cells of the human heart, only type II 
A/B antigens were expressed, and type III/IV structures 
were not detected. Conversely, in children who received 
ABOi heart transplants, ABO antibodies specific for type 
II antigens—the only A/B antigen subtypes expressed in 
heart tissue—were absent, demonstrating the high speci-
ficity of B cell tolerance to donor blood group antigens 
[12–14]. In the human renal vascular bed, a previous 
study reported that there were three different A antigen 
expression patterns (major, minor, and minimal staining 
distribution), while all kidneys showed a B antigen pat-
tern that was similar to the major pattern of A antigen 
but was slightly weaker [15]. These expression profiles 
have important implications that should be considered in 
clinical settings of ABOi transplantation.

However, these previous studies are limited because 
A/B antigen quantification was performed with only 
immunohistochemistry (IHC), which may be particu-
larly difficult to interpret. A/B antigens are expressed 
in tissues as portions of glycolipids and glycoproteins. 
Highly individual- and tissue-specific expression of gly-
colipid group A and B blood antigens was found in previ-
ous studies [16], but no studies have used Western blot 
analysis to quantify glycoprotein A/B antigens; previ-
ous studies used tissue samples in which red blood cells 
(RBCs) were present at high levels, making it impossible 
to distinguish between erythrocytic and tissue sources of 
ABO blood group antigen expression with Western blot-
ting. Thus, the purpose of this study was to evaluate the 
hypothesis that the quantitative glycoprotein A/B antigen 
expression in RBC-free human kidneys and livers (the 
two most common organs used for ABOi transplanta-
tion) varies greatly among individuals as well as among 
different sites in an individual based on Western blotting.

Materials and methods
Tissue samples
This study protocol was reviewed and approved by the 
Biomedical Ethics Committee, West China Hospital 

(No. 2019SHEN282). All organ donation cases were con-
ducted according to the protocols for China Categories 
I, II, and III donors [17]. All kidney [renal artery, renal 
vein, renal tissue (by a 14-gauge BARD MAX-CORE 
disposable core biopsy instrument)] and liver [hepatic 
artery, hepatic vein, portal vein, hepatic tissue (by wedge 
resection)] samples were obtained from deceased organ 
transplant donors. The donor kidney and liver were per-
fused before and immediately after being removed surgi-
cally (to remove residual red blood cells) and preserved 
in an RBC-free histidine-tryptophan-ketoglutarate solu-
tion. For blood groups that were positive for antigen A, 
namely, groups A and AB, further tests were performed 
with anti-A1 lectin to determine the subtype of the blood 
A antigen (A1 or A2).

Eligibility criteria
The eligibility criteria for deceased donors were as fol-
lows: (1) written consent obtained from the next of kin, 
(2) 18–65  years old, (3) ABO blood group, (4) organ 
donation after cardiac or brain death, (5) normal terminal 
serum creatinine [< 110  µmol/l (female) or < 140  µmol/l 
(male)], (6) normal terminal serum alanine aminotrans-
ferase [< 40  IU/L (female) or < 50  IU/L (male)], and (7) 
the donated kidneys and livers were used for subsequent 
ABO-compatible organ transplantation and had normal 
graft function.

Exclusion criteria included (1) acute kidney or liver 
injury before donation, (2) a medical history of chronic 
kidney disease or hepatitis B or C virus infection, (3) 
active infection needing antibiotic treatment, and (4) 
renal or liver parenchyma damage or lithiasis revealed by 
ultrasound.

Western blot analysis
Total protein was extracted from tissue samples, the tis-
sues were homogenized, and centrifuged at 4  °C. The 
supernatants were used for Western blot assays. Proteins 
were separated by 10% SDS-PAGE and then transferred 
onto PVDF membranes (Amersham, GE Healthcare, 
Chicago, IL). After being blocked with 5% nonfat milk, 
membranes were incubated with an anti-blood group A 
antibody (1:1000, BIOSCOT, Merck Millipore) at 4  °C 
overnight, with a mouse monoclonal anti-β-actin anti-
body (1:10,000, ab8245) used as the internal reference, 
followed by a subsequent incubation with a goat anti-
rabbit secondary antibody (1:8000, Santa Cruz Biotech-
nology, Santa Cruz, CA, USA). The visualization of the 
protein bands was performed with enhanced chemilu-
minescence kits (Santa Cruz Biotechnology). The band 
intensity was quantified using Image Lab 6.0.1 Software 
(Bio-Rad Laboratories, Inc). The relative expression of 
blood group antibodies is represented by the ratio of the 
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band intensity between the experimental band and inter-
nal reference.

H&E and immunohistochemical staining
Specimens from human kidneys and livers were fixed 
in formalin and embedded in paraffin. For H&E stain-
ing, 4-µm slices were stained with H&E for histologi-
cal examination. For immunohistochemistry of blood 
group A antigens, samples were rehydrated, washed with 
TBS, and blocked with TBS containing 10% FCS and 1% 
BSA, followed by incubation for 16 h in TBS containing 
1% BSA and primary antibodies for blood group A or B 
antigens. Tissue sections were washed twice with TBS, 
and then HRP-conjugated anti-IgG secondary antibod-
ies were added to TBS. After washing twice, sections 
were counterstained with Mayer’s haematoxylin, and 
images were analysed with a Nikon eclipse 90i digital 
microscope.

Statistical analysis
Experimental data are presented as the mean ± stand-
ard deviation (sd) or median (range). Mean values of the 
groups with normally distributed data were compared 
using Student’s t-tests or ANOVA, whereas Wilcoxon 
rank-sum tests and Friedman M tests were used for com-
parisons of non-normally distributed data. All statistical 
analyses were conducted using R (version 3.4.4), and a 
P-value below 0.05 was considered significant.

Results
In this study, we obtained 168 tissue samples from 24 
deceased organ donors, including 13 (54.2%) donors in 
group A, 2 (8.3%) donors in group AB, 6 (25%) donors in 
group B, and 3 (12.5%) donors in group O; there were 15 
(62.5%) males and 9 (37.5%) females, with a mean age of 
50.29 ± 12.32 years (Table 1). All the donors in groups A 
and AB belonged to the A1 subtype. The mean height was 
1.64 ± 0.08 m, and the mean weight was 62.67 ± 12.76 kg, 
with a mean body mass index (BMI) of 23.04 ± 4.00 kg/
m2. The deceased donors died of a variety of causes: head 
trauma (n = 13, 54.2%), stroke (n = 10, 41.7%), and central 
nervous system tumours (n = 1, 4.2%).

To eliminate false-positive errors, specimens from 
blood group O were incubated with anti-blood group A 
and B antibodies, and A/B antigens were not detected in 
type O organs. In addition, B antigen expression was not 
detected in blood group A specimens, and vice versa.

The glycoprotein A and B antigen intensities at the 
seven sites are displayed in Fig. 1. Western blot analysis 
of blood group antigens from partial samples is shown in 
Fig.  2. The mean intensities of A antigen among the 13 
type A donors and 2 type AB donors were 0.25 ± 0.30 in 
the renal artery, 0.25 ± 0.17 in hepatic tissue, 0.52 ± 0.50 

in the hepatic artery, 0.64 ± 0.53 in the hepatic vein, 
0.71 ± 0.61 in the renal vein, 1.16 ± 0.90 in renal tissue, 
and 1.56 ± 1.23 in the portal vein, in increasing order. The 
mean intensities of B antigen among the 6 type B donors 
and 2 type AB donors were 0.43 ± 0.36 in the renal artery, 
0.61 ± 0.44 in hepatic tissue, 1.06 ± 0.78 in the renal vein, 
1.10 ± 0.98 in the hepatic artery, 1.89 ± 1.10 in the por-
tal vein, 2.87 ± 3.20 in the hepatic vein, and 3.20 ± 2.92 
in renal tissue, in increasing order. There was a 6.24-fold 
difference in the mean glycoprotein A antigen intensity 
between the lowest- and highest-intensity sites and a 
corresponding 7.44-fold difference in the glycoprotein B 
antigen intensity.

Much wider individual differences in blood group anti-
gen intensities were observed at the same site of various 
donors as well as at different sites of the same donor. The 
Friedman M test was then used and indicated that there 
were differences in the distribution among the seven 
sites of the glycoprotein A antigen group (p < 0.001), but 
there was not a significant difference in the glycoprotein 
B antigen group (p = 0.544). Individual differences were 
significantly different in both the glycoprotein A antigen 
group (p = 0.004) and B antigen group (p = 0.002). The 
fold difference between the highest and lowest A antigen 
intensities at the same site among the 13 type A donors 
and 2 type AB donors was 98 (0.98/0.01) in the renal 
artery, 213 (2.13/0.01) in the renal vein, 54.2 (3.25/0.06) 
in renal tissue, 81.5 (1.63/0.02) in the hepatic artery, 10.2 
(1.53/0.06) in the hepatic vein, 11.4 (5.00/0.44) in the 
portal vein, and 10.2 (0.51/0.05) in hepatic tissue. The 

Table 1  Clinical parameters of included deceased organ 
transplant donors

BMI Body Mass Index

Feature N = 24

Blood type [n (%)]

A 13 (54.2%)

B 6 (25%)

AB 2 (8.3%)

O 3 (12.5%)

Gender [n (%)]

Male 15 (62.5%)

Female 9 (37.5%)

Age (years) [mean ± sd] 50.29 ± 12.32

Height (meters) [mean ± sd] 1.64 ± 0.08

Weight (kilograms) [mean ± sd] 62.67 ± 12.76

BMI (kg/m2) [mean ± sd] 23.04 ± 4.00

Cause of death [n (%)]

Head trauma 13 (54.2%)

Stroke 10 (41.7%)

Central nervous system tumor 1 (4.2%)
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fold difference between the highest and lowest B antigen 
intensities at the same site among the 6 type B donors 
and 2 type AB donors was 56.5 (1.13/0.02) in the renal 
artery, 36.2 (2.17/0.06) in the renal vein, 63.3 (8.23/0.13) 
in renal tissue, 21.7 (2.82/0.13) in the hepatic artery, 
48.9 (10.26/0.21) in the hepatic vein, 9.88 (3.26/0.33) in 
the portal vein, and 8.7 (1.31/0.15) in hepatic tissue. The 

median fold difference between the highest and lowest A 
antigen intensity at various sites in the same donor was 
11.9 (range 4.15–317), while the median fold difference 
between the highest and lowest B antigen intensity at var-
ious sites in the same donor was 20.1 (range 4.03–70.75).

Univariate analysis revealed that blood group glyco-
protein antigen expression in males was significantly 

Fig. 1  Western blot results showing the relative expression of blood group A and B antigens in different tissues. The tissue samples included 
88 samples from 15 blood group A donors and 49 samples from 8 blood group B donors. Research data are presented as the mean ± standard 
deviation. PV: portal vein, RA: renal artery; RV: renal vein; HA: hepatic artery; HV: hepatic vein; Renal: kidney tissue; Hepatica: liver tissue

Fig. 2  Western blot analysis of blood group antigens from two antigen A donors and two antigen B donors. PV: portal vein; RA: renal artery; RV: 
renal vein; HA: hepatic artery; HV: hepatic vein; RE: kidney tissue; HE: liver tissue
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higher than that in females (p = 0.048) in both the A and 
B groups (Table  2). Furthermore, we found that glyco-
protein antigen expression was higher in young people 
(p = 0.038). No association was observed between anti-
gen expression intensity and the BMI or transfusion his-
tory of the donor (Table 2).

In all IHC sections, blood group antigen is shown in 
red, and nuclei are represented in blue. The intensity and 
distribution of the A antigen showed distinctly different 
patterns in different tissues (Fig. 3). The renal tissue was 
most strongly stained, and positivity was mainly found in 
the glomerular and tubular capillaries. In the renal artery 
and renal vein, the immunostaining was relatively weaker, 
which was most obvious in the renal artery. In the renal 
vein, portal vein, hepatic artery, and hepatic vein, positive 
staining was mainly seen in the vascular bed, where the 
endothelium was stained, whereas in liver tissue, positive 
staining was mainly found in the venae centrales hepatis 
and hepatic sinusoid. The intensity and distribution of 
blood group antigens showed distinctly different patterns 
in different tissues in both WB and IHC results.

Discussion
ABO blood group antigens are carbohydrate chains 
expressed on the cell membrane of RBCs. The H anti-
gen is the only ABO structure present in blood type O, 
and A/B blood group antigens contain the H antigen as 
a common precursor [18]. Blood group A individuals 

express A antigens on their RBCs. Similarly, blood group 
B individuals express B antigens, group O individuals 
express neither A nor B antigens, and group AB individu-
als express both [19]. In addition to RBCs, ABO blood 
group antigens are also distributed on lymphocytes, 
platelets, and most epithelial and endothelial cells. The 
targets of blood group antibodies in ABOi transplanta-
tion are endothelial cells, but the antigen expression pat-
terns of endothelial cells are not faithfully modelled by 
RBCs. Currently, there is little known about the endothe-
lial expression of blood group antigens in human organs. 
Vascularized allografts are the targets of blood group 
antibodies, which, upon binding to endothelial cell sur-
faces, activate the complement system, which in turn 
mediates AMR [20].

The amount of antigen displayed on a specific organ 
may be of particular importance in ABOi transplan-
tation. Gehrie et  al. performed IHC staining of blood 
group A antigen in tissue blocks of 18 blood type A 
cadaveric hearts obtained at autopsy [12]. Light micro-
scopic examination found that the endothelium stained 
with a low intensity in 4 (22%) myocardial samples, an 
intermediate intensity in 5 (28%) samples, and a high 
intensity in 9 (50%) samples. The digital analysis of IHC 
staining intensity and percentage of the total surface 
area of immunoreactivity revealed a 20-fold difference 
between the lowest and highest expressing specimens, 
and immunoreactivity was positively associated with 

Table 2  Univariate analysis of clinical features related to blood group antigen expressions

Patients were grouped and then compared by male/female, transfusion history/no transfusion history, cut-off value of median age, or cut-off value of median BMI 
value. P < 0.05 was regarded significantly different and marked in bold

PV portal vein; RA renal artery; RV renal vein; HA hepatic artery; HV hepatic vein; RE kidney tissue; HE liver tissue

Feature P value

PV RA RV HA HV RE HE Total

Sex

A 0.567 0.045 0.003 0.001 0.365 0.300 – 0.008
B – 0.738 0.749 0.832 0.958 0.718 0.543 0.739

A&B 0.920 0.238 0.027 0.130 0.598 0.295 0.568 0.048
Transfusion

A 0.090 0.168 0.475 0.262 0.187 0.580 0.848 0.675

B 0.036 0.990 0.698 0.471 0.321 0.934 0.747 0.367

A&B 0.005 0.237 0.719 0.252 0.227 0.783 0.872 0.699

Age

A 0.648 0.382 0.309 0.178 0.678 0.646 0.050 0.459

B 0.890 0.504 0.042 0.009 0.446 0.165 – 0.029
A&B 0.690 0.908 0.121 0.065 0.464 0.204 0.809 0.038
BMI

A 0.722 0.380 0.351 0.850 0.714 0.885 – 0.874

B – 0.124 0.133 0.006 0.266 0.177 0.255 0.009
A&B 0.926 0.940 0.153 0.208 0.398 0.143 0.350 0.054
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Fig. 3  Immunohistochemical staining of the renal artery (A), renal vein (B), portal vein (C), hepatic tissue (D), hepatic artery (E), hepatic vein (F), 
renal tissue (G) of an A antigen donor and the renal tissue (H) of a blood type O donor. RA, renal artery; RV, renal vein; RE, renal tissue; HE, hepatic 
tissue; HA, hepatic artery; HV, hepatic vein; PV, portal vein
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patient age (p = 0.004). Breimer et al. examined the A/B 
antigen expression of renal biopsy samples by IHC [15]. 
In the human renal vascular bed, three different A anti-
gen expression patterns with a major, minor, and minimal 
staining distribution were observed. The major pattern 
showed intense A antigen expression in the endothelium 
of arteries, glomerular/peritubular capillaries, and veins. 
A minor pattern showed overall weaker antigen expres-
sion, whereas minimal had faint staining of peritubular 
capillaries only. In all cases, the distal tubular epithelium 
was focally stained, whereas proximal tubules were nega-
tive. The secretor gene did not influence renal A antigen 
expression. All B kidneys showed a B antigen pattern 
slightly weaker but similar to the major pattern of the A 
antigen.

However, the major limitation of these previous studies 
was that the IHC analysis of blood groups may be subject 
to intra- and interobserver variability. Meanwhile, other 
techniques for blood group antigen detection—such as 
Western blotting—could have been affected by contami-
nating RBCs that are ubiquitous in autopsy and biopsy 
specimens [20]. RBCs made it difficult to distinguish 
between erythrocytic and tissue sources of blood group 
antigen expression. The existence of RBCs may lead to 
an overestimation of the relative expression in WB and 
IHC results. Thus, autopsy samples cannot be used to 
accurately quantify blood group antigens. Our study used 
RBC-free histidine-tryptophan-ketoglutarate solution to 
perfuse donor kidneys and livers to eliminate residual 
RBCs. Thus, there should have been few, if any, resid-
ual RBCs in our tissue samples. A previous study found 
highly individual- and tissue-specific expression of gly-
colipid group A and B blood antigens, but no studies have 
analysed and compared glycoprotein A/B antigens. Thus, 
we detected the relative expression of blood group glyco-
protein antigens in kidney and liver tissues with Western 
blotting.

Our study found that the mean intensity of glycopro-
tein A and B antigen was generally similar (p > 0.05). 
Furthermore, kidney tissue and the portal vein were the 
two sites with the highest average intensity, and the renal 
artery was the site with the lowest intensity. It was not 
surprising that the injury in renal tissue would be more 
severe than that in the main renal vessels when blood 
group AMR occurred. The high level of blood group anti-
gens in the portal vein may be related to the high inci-
dence of portal vein thrombosis and portal vein stenosis 
after liver transplantation. Additionally, the compari-
son of the intensity in kidney versus liver tissues indi-
cated that there was a much higher expression level of 
glycoprotein antigen in renal tissue than in liver tissue 
from the same donor, which might partially explain why 
ABOi kidney transplantation requires more aggressive 

pre-transplant preconditioning than ABOi liver trans-
plantation and why the incidence of AMR in ABOi kid-
ney transplantation was more higher than that in ABOi 
liver transplantation. We also found a wide diversity of 
blood group glycoprotein antigen intensities at the same 
site from a cohort of different deceased donors as well 
as at different sites from the same donor. These observa-
tions may explain why even when the ABO antibody titre 
was “safe” on the transplant day, two allografts in our case 
series of 48 ABOi recipients exhibited immediate failure 
and pathology consistent with hyperacute rejection [21].

Thus, pre-transplant evaluation of the risk and sever-
ity of ABO blood group AMR may be important when 
performing ABOi kidney transplantation and may allow 
individualized preconditioning regimens based on A/B 
antigen intensity and diversity. For example, when the 
organ tissues and main vessels in a donor express a high 
level of blood group antigens, the risk of AMR in the cor-
responding ABOi recipients may be likely to be higher, 
and such recipients may need more intense precondition-
ing to decrease the ABO antibody titre to an even lower 
level [22]. Worldwide, there are currently no safe, non-
invasive, and reliable methods that can be used to quan-
tify and inhibit ABO blood group antigen expression in 
donor organs. As a result, the preconditioning regimen in 
ABOi organ transplantation has been limited to decreas-
ing the blood group antibody titre in the recipients. Our 
research revealed the prominent individual diversity of 
glycoprotein intensity for the ABO antigen in different 
organs and tissues by Western blotting. These results 
are useful for the further study of risk stratification and 
preconditioning regimens based on donor blood group 
antigen expression levels in ABOi organ transplantation. 
This study also provided important experimental datato 
further illustrate the mechanism of ABOi AMR.

Two weeks after ABOi transplantation, an antigen–
antibody reaction does not occur, and the ABOi allo-
grafts function normally, despite the presence of A/B 
antigens on the graft and the existence of antibodies 
directed against the corresponding antigens in the blood 
of the recipient [23–25]. This type of tolerance is referred 
to as “accommodation”, and its underlying mechanisms 
remain to be elucidated. Accommodation may be due 
to (1) a change in the antigen, leading to decreased anti-
body binding; (2) a change in antibodies, reducing their 
cytotoxicity; or iii) a change in the graft, enabling it to 
resist the injury mediated by the host immune system 
[16, 26, 27]. During clinical transplantation accommo-
dation, these processes can manifest as the inhibition of 
the activity of glycosyltransferase, resulting in decreased 
antigenic immunogenicity. On the other hand, antigen 
downregulation might underlie the process of accommo-
dation in which a graft survives and functions despite the 
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presence of anti-donor antibodies in the circulation of 
the recipient. Ulfvin et al. analysed glycolipids extracted 
from ABO-incompatible allografts that had become 
accommodated and found the accommodated grafts had 
reduced levels of antigen, suggesting that antigen down-
modulation might play a role in the long-term function of 
the organs [28].

This study had several limitations. First, the statistical 
power may have been limited due to the relatively small 
sample size. Second, all individuals in the A and AB 
blood groups had A1 subtypes because the frequency of 
A2 in the Chinese population is < 1%, and no A2 individ-
uals were included in this study. Finally, all livers and kid-
neys from the deceased donors underwent subsequent 
ABO-compatible but not ABOi organ transplantation. 
Thus, the association between A/B expression patterns 
and blood group AMR remains to be elucidated. A large 
prospective clinical trial is needed to confirm our current 
findings and explore the association of A/B expression 
patterns with AMR and graft function in ABOi organ 
transplant recipients. Further studies might determine 
whether there is a threshold of the expression of blood 
group antigen that is likely to trigger AMR.

Conclusions
Our study revealed substantial inter-individual variations 
in blood group A and B antigens between human livers 
and kidneys. These variations may explain differences in 
the incidence and clinical severity of AMR in ABOi kid-
ney/liver transplantations and could theoretically be used 
to risk-stratify ABOi organ transplant procedures. Future 
studies may consider non-invasive detection methods 
for the intensity of blood group antigens in a specific 
donor organ, which could more accurately assess the risk 
of AMR in ABOi transplantation recipients and help to 
select more precise desensitization regimens to perform 
ABOi organ transplantation safely.

Abbreviations
ABOi: ABO-incompatible; AMR: Antibody-mediated rejection; IHC: Immunohis-
tochemistry; BMI: Body mass index; PV: Portal vein; RA: Renal artery; RV: Renal 
vein; HA: Hepatic artery; HV: Hepatic vein; RE: Kidney tissue; HE: Liver tissue.

Acknowledgements
The authors have none to declare.

Authors’ contributions
XW, FZ and YJ wrote the main manuscript text. The clinical tisses were col-
lected by ZX, XF, LL, YF, TS, YS, and ZH. Study was designed by TL and XW. 
The experiments were done by FZ and YJ. XW and FZ prepared Figs. 1, 2 
and Tables 1, 2. All authors reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding
This work was supported by grants from the National Natural Science Founda-
tion of China [grant number 81870513]; Sichuan Science and Technology Pro-
gram [grant number 2019YJ0133]; Chengdu Science and Technology Program 

[grant number 2019-YF05-00084-SN]; and 1.3.5 Project for Disciplines of 
Excellence-Clinical Research Incubation Project, West China Hospital, Sichuan 
University [grant number 2018HXFH049, ZYJC18004, ZY2016104, 2019-075, 
2021HXFH007]. The funders had no role in study design, data collection or 
analysis, preparation of the manuscript, or the decision to publish.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Informed consent was obtained from next of kin in accordance with the 
Declaration of Helsinki and the Council for International Organizations of 
Medical Sciences. This study protocol was reviewed and approved by the 
Biomedical Ethics Committee, West China Hospital (No. 2019SHEN282). This 
study protocol was reviewed and approved by the Biomedical Ethics Commit-
tee, West China Hospital (No. 2019SHEN282). All organ donation cases were 
conducted according to the protocols for China Categories I, II, and III donors. 
Written consent to participate in the study was obtained from the donor’s 
family. All tissues were obtained in West China Hospital, China and no tissues 
were obtained from prisoners.

Consent for publication
Not applicable.

Competing interests
The authors have none to declare.

Author details
1 Department of Urology/Institute of Urology, West China Hospital, Sichuan 
University, Number 37, Guoxue Alley, Chengdu 610041, Sichuan, China. 
2 Organ Transplantation Center, West China Hospital, Sichuan University, 
Chengdu, Sichuan, China. 3 Department of Urology/Shanghai Key Laboratory 
of Organ Transplantation, Zhongshan Hospital, Fudan University, Shanghai, 
China. 4 West China School of Clinical Medicine, Sichuan University, Chengdu, 
Sichuan, China. 5 Department of Nephrology, West China Hospital, Sichuan 
University, Chengdu, Sichuan, China. 

Received: 28 October 2020   Accepted: 23 September 2021

References
	1.	 Schiffer M, Kielstein J. ABO-incompatible renal transplantation: from 

saline flushes to antigen-specific immunoadsorption-tools to overcome 
the barrier. Korean J Hematol. 2011;46(3):164–8.

	2.	 Montgomery R, Locke J, King K, Segev D, Warren D, Kraus E, Cooper M, 
Simpkins C, Singer A, Stewart Z, Melancon J, Ratner L, Zachary A, Haas 
M. ABO incompatible renal transplantation: a paradigm ready for broad 
implementation. Transplantation. 2009;87(8):1246–55.

	3.	 Flint S, Walker R, Hogan C, Haeusler M, Robertson A, Francis D, Millar R, 
Finlay M, Landgren A, Cohney S. Successful ABO-incompatible kidney 
transplantation with antibody removal and standard immunosuppres-
sion. Am J Transplant Off J Am Soc Transplant Am Soc Transplant Surg. 
2011;11(5):1016–24.

	4.	 Koo T, Yang J. Current progress in ABO-incompatible kidney transplanta-
tion. Kidney Res Clin Pract. 2015;34(3):170–9.

	5.	 Uchida J, Kosoku A, Naganuma T, Tanaka T, Nakatani T. Latest insights on 
ABO-incompatible living-donor renal transplantation. Int J Urol Off J Jpn 
Urol Assoc. 2020;27(1):30–8.

	6.	 Masterson R, Hughes P, Walker RG, Hogan C, Haeusler M, Robertson AR, 
Millar R, Suh N, Cohney SJ. ABO incompatible renal transplantation with-
out antibody removal using conventional immunosuppression alone. Am 
J Transplant. 2014;14(12):2807–13.

	7.	 Scurt F, Ewert L, Mertens P, Haller H, Schmidt B, Chatzikyrkou C. 
Clinical outcomes after ABO-incompatible renal transplantation: 



Page 9 of 9Wang et al. BMC Immunol           (2021) 22:66 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

a systematic review and meta-analysis. Lancet (London, England). 
2019;393(10185):2059–72.

	8.	 Fryer J, Benedetti E, Perry E, Matas A. Antibody-mediated rejection of 
an HLA-identical, ABO-incompatible kidney transplant after two failed 
cadaver transplants. Transplantation. 1994;58(6):723–5.

	9.	 Sugiyama K, Arai K, Aikawa A, Miyagi M, Ohara T, Hasegawa A, Muramatsu 
M, Hirayama N, Tajima E, Kawamura T, Ogihara H, Hadano T, Nakano H. 
Reversibility from delayed hyperacute rejection in ABO-incompatible 
renal transplantation: histopathological findings of renal allograft biopsy. 
Transpl Proc. 2005;37(2):701–4.

	10.	 Warner P, Nester T. ABO-incompatible solid-organ transplantation. Am J 
Clin Pathol. 2006;125:S87-94.

	11.	 Montgomery J, Berger J, Warren D, James N, Montgomery R, Segev D. 
Outcomes of ABO-incompatible kidney transplantation in the United 
States. Transplantation. 2012;93(6):603–9.

	12.	 Gehrie E, Cates J, Nian H, Olson S, Young P. Blood Group A antigen expres-
sion on cardiac endothelium is highly individualized: possible implica-
tions for transplantation. Cardiovasc Pathol. 2013;22(4):251–6.

	13.	 Jeyakanthan M, Tao K, Zou L, Meloncelli P, Lowary T, Suzuki K, Boland D, 
Larsen I, Burch M, Shaw N, Beddows K, Addonizio L, Zuckerman W, Afzali 
B, Kim D, Mengel M, Shapiro A, West L. Chemical basis for qualitative and 
quantitative differences between ABO blood groups and subgroups: 
implications for organ transplantation. Am J Transplant Off J Am Soc 
Transplant Am Soc Transplant Surg. 2015;15(10):2602–15.

	14.	 Jeyakanthan M, Meloncelli P, Zou L, Lowary T, Larsen I, Maier S, Tao K, 
Rusch J, Chinnock R, Shaw N, Burch M, Beddows K, Addonizio L, Zucker-
man W, Pahl E, Rutledge J, Kanter K, Cairo C, Buriak J, Ross D, Rebeyka I, 
West L. ABH-glycan microarray characterizes ABO subtype antibodies: 
fine specificity of immune tolerance after ABO-incompatible transplanta-
tion. Am J Transplant Off J Am Soc Transplant Am Soc Transplant Surg. 
2016;16(5):1548–58.

	15.	 Breimer ME, Mölne J, Nordén G, Rydberg L, Thiel G, Svalander CT. Blood 
group A and B antigen expression in human kidneys correlated to A1/
A2/B, Lewis, and secretor status. Transplantation. 2006;82(4):479–85.

	16.	 Ulfvin A, Bäcker A, Clausen H, Hakomori S, Rydberg L, Samuelsson B, Bre-
imer M. Expression of glycolipid blood group antigens in single human 
kidneys: change in antigen expression of rejected ABO incompatible 
kidney grafts. Kidney Int. 1993;44(6):1289–97.

	17.	 Huang J, Wang H, Fan ST, Zhao B, Zhang Z, Hao L, Huo F, Liu Y. The 
national program for deceased organ donation in China. Transplantation. 
2013;96(1):5–9.

	18.	 Milland J, Sandrin M. ABO blood group and related antigens, natural 
antibodies and transplantation. Tissue Antigens. 2006;68(6):459–66.

	19.	 Yamamoto F, McNeill P, Hakomori S. Genomic organization of human 
histo-blood group ABO genes. Glycobiology. 1995;5(1):51–8.

	20.	 Garcia de Mattos Barbosa M, Cascalho M, Platt J. Accommodation in ABO-
incompatible organ transplants. Xenotransplantation. 2018;25(3):e12418.

	21.	 Wang XD, Liu JP, Fan Y, Song TR, Shi YY, Li YM, Lv YH, Li XH, Huang ZL, Lin T. 
Individualized preconditioning for ABO-incompatible living-donor kidney 
transplantation: an initial report of 48 cases from China. Ann Transplant. 
2020;25:e920224.

	22.	 Kobayashi T, Saito K. A series of surveys on assay for anti-A/B antibody by 
Japanese ABO-incompatible Transplantation Committee. Xenotransplan-
tation. 2006;13(2):136–40.

	23.	 Shimmura H, Tanabe K, Ishikawa N, Tokumoto T, Takahashi K, Toma H. 
Role of anti-A/B antibody titers in results of ABO-incompatible kidney 
transplantation. Transplantation. 2000;70(9):1331–5.

	24.	 Aikawa A, Hadano T, Ohara T, Yamashita M, Arai K, Hirayama N, Mori Y, 
Muramatsu M, Hasegawa A. Donor specific antibody suppression in ABO 
incompatible kidney transplantation. Transplant Proc. 2001;33(1–2):395–7.

	25.	 Park WD, Grande JP, Ninova D, Nath KA, Platt JL, Gloor JM, Stegall 
MD. Accommodation in ABO-incompatible kidney allografts, a novel 
mechanism of self-protection against antibody-mediated injury. Am J 
Transplant. 2003;3(8):952–60.

	26.	 Park W, Grande J, Ninova D, Nath K, Platt J, Gloor J, Stegall M. Accom-
modation in ABO-incompatible kidney allografts, a novel mechanism of 
self-protection against antibody-mediated injury. Am J Transplant Off J 
Am Soc Transplant Am Soc Transplant Surg. 2003;3(8):952–60.

	27.	 Takahashi K, Saito K, Takahara S, Okuyama A, Tanabe K, Toma H, Uchida 
K, Hasegawa A, Yoshimura N, Kamiryo Y. Excellent long-term outcome 
of ABO-incompatible living donor kidney transplantation in Japan. 
Am J Transplant Off J Am Soc Transplant Am Soc Transplant Surg. 
2004;4(7):1089–96.

	28.	 Ogasawara K, Ueki J, Takenaka M, Furihata K. Study on the expression of 
ABH antigens on platelets. Blood. 1993;82(3):993–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Highly individual- and tissue-specific expression of glycoprotein group A and B blood antigens in the human kidney and liver
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Tissue samples
	Eligibility criteria
	Western blot analysis
	H&E and immunohistochemical staining

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


