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Previous studies have implicated the role of CD146 and its soluble form (sCD146) in

the pathogenesis of inflammatory diseases. However, the association between CD146

and acute rejection in kidney transplant patients remains unexplored. In this study,

fifty-six patients with biopsy-proved rejection or non-rejection and 11 stable allograft

function patients were retrospectively analyzed. Soluble CD146 in plasma was detected

in peripheral blood by enzyme linked immunosorbent assay (ELISA), and local CD146

expression in graft biopsy was detected by immunohistochemistry. We found that plasma

soluble CD146 in acute rejection recipients was significantly higher than in stable patients

without rejection, and the biopsy CD146 staining in the rejection group was higher than

that of the non-rejection group. Multivariate analysis demonstrated soluble CD146 as

an independent risk factor of acute rejection. The area under the receiver operating

characteristic curve (AUC) of sCD146 for AR diagnosis was 0.895, and the optimal

cut-off value was 75.64 ng/ml, with a sensitivity of 87.8% and a specificity of 80.8%,

which was better than eGFR alone (P = 0.02496). Immunohistochemistry showed

CD146 expression in glomeruli was positively correlated with the Banff-g score, and its

expression in tubules also had a positive relationship with the Banff-t score. Therefore,

soluble CD146 may be a potential biomarker of acute rejection. Increased CD146

expression in the endothelial or tubular epithelial cells may imply that endothelial/epithelial

dysfunction is involved in the pathogenesis of immune injury.

Keywords: kidney transplantation, acute rejection, biomarker, melanoma cell adhesion molecule,

endothelial dysfunction

INTRODUCTION

Kidney transplantation is a preferred treatment for patients with end stage renal disease (ESRD),
improving quality of life and survival more so than dialysis (1).While current immunosuppressants
have improved the short-term outcomes of kidney transplantation, long-term allograft loss remains
a significant conundrum. Acute rejection (AR) as a result of alloimmune injury due to individual
genetic differences and inadequate immunosuppression occurs in 10–20% of kidney transplant
recipients and could cause allograft dysfunction. Repeated rejection episodes undoubtedly
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aggravate long-term renal allograft survival (2, 3). Early detection
and intervention of ongoing allogeneic immune response may
hinder development of rejection, alleviate immunological lesions,
sustain renal function, and improve long-term graft survival.
The early monitoring strategy prevents the need for later costly
treatment of rejection and subsequent allograft dysfunction and
provides more cost-effective benefits. In current clinical practice,
acute rejection is suspected when renal function parameters such
as serum creatinine and urine protein are abnormal or unstable.
Renal allograft biopsy is then implemented as a gold-standard
procedure to determine the diagnosis of rejection. The change of
renal function parameters often lags behind the ongoing immune
response and pathological lesions. Renal biopsy, as an invasive
technique, may lead to surgical complications, such as bleeding,
hematuria, perirenal hematoma, arteriovenous fistulas, and even
graft loss (4–6), limiting its clinical usage as a consecutive
monitoring tool. The needs of non-invasive or less invasive
biomarkers which are necessary to discriminate rejection early
from other disorders causing graft dysfunction are unmet in the
field of kidney transplantation.

CD146, known as melanoma cell adhesion molecule
(MCAM), is an integral membrane glycoprotein, which belongs
to the immunoglobulin superfamily. Different from other
widely expressed cell adhesion molecules, its expression is
mainly limited to endothelial cells and pericytes (7). Besides,
there are about 1–2% of lymphocytes that are detected as
CD146-positive. CD146 on lymphocytes enhances production
of proinflammatory cytokines and prompts inflammation
(8, 9). The soluble form of CD146 (sCD146) derives from the
shedding of membrane CD146 (10), and has been detected
in the supernatant of endothelial cell culture medium and
in the peripheral blood of patients and healthy population.
Membrane CD146 and soluble CD146 can both function in
cell-cell conjunction and vessel integrity, and are associated
with cell signaling, migration, proliferation, differentiation, and
angiogenesis (11, 12), as well as the pathogenesis of multiple
illnesses including autoimmune diseases (13–15), tumors
(16–19), acute heart failure (20–22), and ischemic disorders
(23, 24).

A previous study found a significant increase of sCD146
in patients with chronic renal failure (CRF) compared to the
heathy control, and this increase was correlated with elevated
endothelial expression of CD146 in renal biopsies. It was
indicated CD146 reflected the degree of endothelial dysfunction
which is one of the critical changes in CRF (25). In a cohort
of kidney transplantation, Malyszko and his colleagues found

Abbreviations: ABMR, antibody-mediated rejection; ANOVA, analysis of

variance; AR, acute rejection; AUC, area under the curve; BBB, blood brain

barrier; CAD, coronary artery disease; CAN, chronic allograft nephropathy;

CNINT, calcineurin inhibitors nephrotoxin; CNS, central nervous system; CRF,

chronic renal failure; EDTA, ethylenediaminetetra-acetic acid; ELISA, enzyme

linked immunosorbent assay; ESRD, end stage renal disease; eGFR, estimated

glomerular filtration rate; IBD, inflammatory bowel disease; IF/TA, interstitial

fibrosis and tubular atrophy; IQR, interquartile range; MCAM, melanoma cell

adhesion molecule; NPV, negative predictive value; PBS, phosphate buffered

saline; PPV, positive predictive value; ROC, receiver operating characteristic curve;

TCMR, T cell mediated rejection.

circulating sCD146 was higher in recipients with coronary artery
disease (CAD), and this phenomenon was more apparent in
patients with lower renal allograft function (26). Studies have
shown the activation and injury of endothelial cells is an
essential event in the initial of either T cell-mediated rejection
(TCMR) or antibody-mediated rejection (ABMR). To date,
clinical implication of CD146 in monitoring acute rejection
after kidney transplantation has not been well-explored. We
hypothesize circulating sCD146 or CD146 expression in renal
allografts increases in kidney transplant patients with acute
rejection. In this study, plasma sCD146 and CD146 expression
in allograft biopsies of renal transplant recipients were examined
to evaluate the capability of sCD146 as a less invasive biomarker
of acute rejection.

PATIENTS AND METHODS

Study Subjects
Kidney transplantation recipients who received indicated
allograft biopsies from May 2016 to May 2019 in Organ
Transplant Center, The First Affiliated Hospital of Sun Yat-sen
University were included in this study. A total of 143 patients
who underwent a renal allograft biopsy and had blood samples
were included in the study. Patients with the following conditions
were excluded: (1) systematic autoimmune diseases including
systemic lupus erythematosus (SLE), antineutrophil cytoplasmic
antibody (ANCA) glomerulonephritis, inflammatory bowel
diseases (IBD), Crohn’s disease and multiple sclerosis, etc;
(2) diabetes mellitus; (3) active infection; (4) tumors; (5) no
peripheral blood samples available before the day of biopsy. We
also excluded the mixed rejection in order to more clearly figure
out whether there is a difference between two types of rejection.
In practice, 56 patients who met the criteria were included in
the cohort analysis. Furthermore, we also enrolled 11 renal
transplant patients from a surveillance program after kidney
transplantation, who visited the outpatient clinic of our center
at the same period, as a control group reflecting postoperative
normal state. These controls had a stable allograft function, and
no history of kidney diseases, diabetes, cardiovascular events,
or autoimmune disorders. Hypertension, if present, was treated
with a maximum of one class of antihypertensive drugs.

This study was approved by the institutional ethics committee
and was conducted according to the standards of the Declaration
of Helsinki. Informed consent was obtained from all subjects.

Clinical and laboratory data was collected including
blood count, blood urea nitrogen, serum creatinine, serum
electrolytes (potassium, sodium, and calcium), urine analysis,
immunosuppression (calcineurin inhibitor trough level), and
donor specific antibody (DSA). Estimated glomerular filtration
rate (eGFR) was calculated according to MDRD formula (27).

Diagnosis of Acute Rejection
All biopsies were reviewed by two independent pathologists
according to the Banff classification (28, 29). Acute rejection
includes antibody-mediated rejection (ABMR) and T cell-
mediated rejection (TCMR). Briefly, the diagnostic criteria
of acute ABMR are (1) histologic evidence of acute tissue
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injury, including one or more of the following: microvascular
inflammation, intimal or transmural arteritis, acute thrombotic
microangiopathy, and acute tubular injury; (2) evidence of
antibody interaction with vascular endothelium, including at
least one of the following: linear C4d staining in peritubular
capillaries, at least moderate microvascular inflammation, and
increased expression of gene transcriptions in the biopsy tissue
indicative of endothelial injury; (3) serologic evidence of donor-
specific antibodies. Acute TCMR is defined as significant
interstitial inflammation and foci of moderate or severe tubulitis
and/or different levels of intimal arteritis.

Examination of Plasma sCD146 With
Enzyme Linked Immunosorbent Assay
(ELISA)
Peripheral blood samples were collected in plastic tubes
containing ethylenediaminetetraacetic acid (EDTA) and were
centrifuged at 3,000 rpm for 15min. The supernatants were
stored at−80◦C until they were analyzed. Repeated thawing and
freezing of the blood samples were forbidden. At the day of
testing, the samples were simultaneously thawed and analyzed
in triplicate. The concentration of sCD146 was determined by
ELISA (RayBio R© Human MCAM ELISA Kit, RayBiotech, USA)
according to the manufacturer’s instructions.

Detection of CD146 Expression in Allograft
Biopsies With Immunohistochemistry (IHC)
Staining
CD146 immunohistochemistry staining was only performed
in patients with biopsy, excluding the stable controls. Sections
from formalin-fixed and paraffin-embedded tissues were
dewaxed in xylene and ethanol. After antigen retrieval and
endogenous peroxidase blocking, the sections were incubated
with primary anti-CD146 antibody (rabbit monoclonal antibody;
Abcam, Cambridge, UK), then were washed with phosphate
buffered saline (PBS) before application of the anti-rabbit
secondary antibody. Following 3 washes with PBS, the sections
were developed with 3,3′-diaminobenzidine (DAB), and then
counterstained with hematoxylin and eosin (H&E).

CD146 staining was calculated with a semi-quantitative score,
as previously described (30, 31). The method, scoring the extent
of CD146 staining in renal glomeruli and tubules, was as follows:
Under a 200-fold microscopic field of view, 5 microscopic
visions were randomly selected. In each vision, we estimated
each glomerulus as follows: score 0, absence of specific staining;
score 1, <25% area has specific staining for CD146; score 2,
25–50%; score 3, 50–75%; and score 4, >75%, and calculated
the arithmetic average of the glomerular scores of one vision.
The staining of tubular compartment was also scored on a scale
of 0–4, using the same method. Then the mean value of the
glomerular and tubular scores in 5 random visions were regarded
as the semi-quantitative score of the glomerular and tubular
CD146 staining in one patient. Representative PSAM staining of
ABMR, TCMR and IF/TA are shown in Supplement Figure 1.

Statistical Analysis
Continuous variables were described as mean and standard
deviation, or median (interquartile range), as appropriate after
testing for normality using the Shapiro-Wilk test. Categorical
variables were described as number (percentage). Differences
between the two groups were assessed with t-test, Wilcoxon
rank sum test, or Fisher’s exact test. One-way analysis of
variance (ANOVA) with Tukey’s multiple comparisons test
or Kruskal-Wallis test with Dunn’s multiple comparisons test
were used when more than two groups were compared. The
correlation of sCD146 and eGFR was assessed by Pearson test.
Receiver operating characteristic curve (ROC) analysis of plasma
sCD146 level and eGFR, and calculation of the corresponding
area under the curve (AUC) was performed. The difference
between two AUCs was compared using the Delong test. The
optimal cut-off point was defined by the Yoden index. Logistic
regression analysis was used to assess the risk factors for acute
rejection. A value of P < 0.05 was considered to indicate
statistical significance. Internal validation was performed using
2000-bootstrap resamples and the optimism-corrected AUC was
also calculated. The seed for randomization was 20200101.
All statistical analyses were performed using GraphPad Prism
(v.7.04) and R software (v.2.10.1).

RESULTS

From May 2016 to May 2019, 56 patients, who met the inclusion
and exclusion criteria and had matched blood samples, and
11 outpatients with stable allograft function were included in
this study. The active rejection subgroup contained ACMR
(n = 21) and TBMR (n = 20). The non-rejection cohort
contained interstitial fibrosis and tubular atrophy (IF/TA, n= 7),
calcineurin inhibitors (CNIs) nephrotoxicity (n= 4), and normal
tissue (n = 4). The indication of biopsy included elevated serum
creatinine (n= 37), proteinuria (n= 10), or both (n= 9). Patient
characteristics are summarized in Table 1. Rejection patients had
a mean age of 38.2 ± 10.7 years; 82.9% of rejection patients
were male. At baseline, they were 245 [IQR, 149-1506] days after
transplantation, had a mean eGFR of 43.9 ± 18.5 mL/min/1.73
m2, a median urinary protein excretion of 0.27 [IQR, 0.16–0.72]
g/24 h. Non-rejection patients had a mean age of 32.1 ± 8.1
years; 73.3% patients were male. They were 430 [IQR, 163.5-
2811] days after transplantation, had a mean eGFR of 56.6 ±

25.4 mL/min/1.73 m2, a median urinary protein excretion of
0.29 [IQR, 0.21–0.49] g/24 h stable controls had a mean age of
40.6 ± 10.3 years; 54.5% patients were male. They were 196
[IQR, 171–587] days after transplantation, had a mean eGFR of
74±22.6 mL/min/1.73 m2, a median urinary protein excretion of
0.17 [IQR, 0.1-0.21] g/24 h. All patients were primary transplant
recipients, and received calcineurin inhibitors, mycophenolate,
and prednisone as maintenance immunosuppressive therapy.

Soluble CD146 Level Was Higher in Renal
Transplantation Patients With Rejection
sCD146 level in the rejection group (89.8 ± 12.8 ng/ml) was
significantly higher than that in the non-rejection group (73.8 ±
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7.9 ng/ml, P < 0.0001) and control subjects (62.8 ± 8.3 ng/ml,
P < 0.0001). The non-rejection group was slightly higher than
the stable group (P = 0.0557) (Figure 1A). We then compared

TABLE 1 | Characteristics of kidney transplantation patients.

Clinical

Characteristics

Patients with biopsy Stable

patients
Rejection Non-rejection

Number of patients 41 15 11

Age at enrollment, y 38.2 ± 10.7 32.1 ± 8.1 40.6 ± 10.3

Men, n (%) 34 (82.9) 11 (73.3) 6 (54.5)

Post-transplant time

d (IQR)a
245

(149, 1506)

430

(163.5, 2811)

196

(171, 587)

Donor type, n (%)

Deceased donor 25 (61) 10 (66.7) 6 (54.5)

Living donor 16 (39) 5 (33.3) 5 (45.5)

Donor age, y 43.6 ± 15.4 42.3 ± 15.4 38.1 ± 17.7

Donor gender, Men, n (%) 26 (63.4) 9 (60) 5 (45.5)

Cold ischemia time, min 7.5 ± 4.2 10 ± 5.2 6.9 ± 3.5

HLA mismatch 2.2 ± 0.8 1.9 ± 0.9 1.6 ± 0.8

DSA MFImax (IQR) 5635 (4618,

7590.5)c
– –

eGFRb

[ml*min−1*(1.73m2)−1]

43.9 ± 18.5* #### 56.6 ± 25.4* 74.0 ± 22.6

Serum creatinine µmol/L 180.5 ± 71.5*

####

132.2 ± 46.1 87.0 ± 14.9

Proteinuria

g/24 h (IQR)

0.27*

(0.16, 0.72)

0.29*

(0.21, 0.49)

0.17

(0.1, 0.21)

Compared with the group of stable patients, *P < 0.05.

Compared with the group of non-rejection, ####P < 0.0001.
a IQR, interquartile range.
beGFR, estimated glomerular filtration rate.
cthe data is derived from ABMR subgroup.

the differences of sCD146 levels between the six subgroups, i.e.,
TCMR, ABMR, IF/TA, CNI nephropathy, the normal tissue,
and stable subjects. The sCD146 level in ABMR patients (90.0
± 14.1 ng/ml) was higher than that in CNI nephropathy (69.5
± 3.3 ng/ml, P = 0.0193), normal tissue on biopsy (70.3 ±

5.5 ng/ml, P = 0.0272) and stable subjects (62.8 ± 8.3 ng/ml, P
< 0.0001), but TCMR (89.5±11.8 ng/ml, P > 0.9999) and IF/TA
(78.2 ± 9.0 ng/ml, P = 0.1798). The sCD146 level of TCMR
patients was higher than that of CNI (P = 0.0252), normal
tissue (P = 0.0351), and control group (P < 0.001), but IF/TA
(P = 0.2255) (Figure 1B).

Plasma sCD146 Significantly Contributed
to Discrimination of Acute Rejection
As shown in Figure 2, sCD146 levels were negatively correlated
with allograft function (Pearson r = −0.38, P = 0.0015). The
diagnostic value of sCD146 for acute rejection may be affected
by renal function. Thus, the logistic regression analysis was
performed (Table 2). In the univariate model, sCD146 level,
eGFR, and serum creatinine level were correlated with the
occurrence of acute rejection. We included the parameters of
which P < 0.10 into the multivariate logistic analysis. It was
found that sCD146 level was the only independent risk factor of
acute rejection.

ROC curve analysis of sCD146 level and eGFR for the
diagnosis of acute rejection was performed. The AUC of sCD146
was 0.895 (95% CI: 0.821–0.968; (P < 0.001), and the AUC of
eGFR was 0.735 (95%CI: 0.605–0.865; P = 0.001). The optimal
cut-off value of sCD146 was 75.64 ng/ml, the sensitivity was
87.8%, the specificity was 80.8%, and the corresponding positive
predictive value (PPV) and negative predictive value (NPV) were
87.8 and 80.8%, respectively. Examination using the DeLong

FIGURE 1 | Plasma sCD146 level in kidney transplant patients with or without rejection and stable patients. (A) Comparison of sCD146 levels between patients with

and without rejection and stable patients. The statistical differences among groups were assessed by one-way ANOVA. Statistical significance: 1111P < 0.0001,

****P < 0.0001. (B) Comparison of sCD146 levels between patients with ABMR, TCMR, IF/TA, CNI, normal allograft tissue, and stable kidney function. The statistical

differences among groups were assessed by one-way ANOVA. Statistical significance: *P < 0.05, ****P < 0.0001, #P < 0.05, and ####P < 0.0001.
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FIGURE 2 | Correlation of sCD146 and eGFR. Soluble CD146 was negatively correlated with eGFR. Pearson r = −0.38, P = 0.0015.

TABLE 2 | Univariate and multivariate logistic regression analysis for parameters

of diagnostics of acute rejection.

univariate multivariate

OR (95%CI) P OR (95%CI) P

sCD146 1.159 (1.083, 1.241) <0.001 1.156 (1.069, 1.251) <0.001

eGFR 0.959 (0.935, 0.984) 0.001 0.996 (0.997, 1.038) 0.853

Creatinine 1.023 (1.010, 1.036) 0.001 1.016 (0.997, 1.036) 0.108

test found a significant difference between the AUC of sCD146
and the AUC of eGFR (P = 0.02496) (Figure 3). Furthermore,
we established a combination model of sCD146 and eGFR
to evaluate its diagnostic value for acute rejection, looking
forward to enhancing sCD146’s effectiveness. The combination
model had an AUC of 0.912 (95%CI: 0.845–0.979) (P < 0.001),
sensitivity of 82.9%, and specificity of 88.5%. The model also
showed good diagnostic performance in internal validation
(optimism-corrected AUC: 0.9042). The difference of the AUC
between the combined model and eGFR alone (P = 0.003) was
significant, but the combined model was not superior to sCD146
alone (P = 0.3697). The model also showed good diagnostic
performance in internal validation (optimism-corrected AUC is
0.9042). The results suggest sCD146 significantly contributed to
the diagnosis of acute rejection.

ROC curve analysis of sCD146 level and eGFR for the
diagnosis of ABMR was performed, too. The AUCs of sCD146
(AUC = 0.725) and the combination model (AUC = 0.717) are
better than eGFR (AUC= 0.566), respectively (P < 0.05). But the
AUCs of sCD146 and the combinationmodel are not significantly
different (P > 0.05) (Supplement Figure 2).

Local Expression of CD146 Increased in
Renal Allograft Biopsies With Acute
Rejection
CD146 expression in renal allograft biopsy sections was
examined with IHC staining. Representative slide images of
allograft biopsies are shown in Figure 4. The semi-quantitative
scoring analysis of CD146 staining shows that the rejection group
had more and stronger positive areas of CD146 expression in
allograft glomeruli and tubules than the non-rejection group
(Figures 5A,C). Considering the differences in the pathogenesis
and pathological manifestations of ABMR and TCMR, we
separated the two types of rejection and compared the expression
of glomeruli and tubules, respectively (Figures 5B,D). The
allograft biopsied from ABMR biopsies had more positive areas
of CD146 expression in the glomerular compartment, while
the range of tubular CD146 expression was relatively modest.
We did not observe much positive expression in peritubular
capillaries, so it was difficult to judge the condition of peritubular
capillaries CD146 expression. In contrast, in patients with TCMR
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FIGURE 3 | ROC curves for sCD146, eGFR, and the combination model to diagnose acute rejection. The AUC of sCD146 was higher than that of eGFR

(P = 0.02496). The AUC of the combination model was not higher than that of sCD146 (P = 0.3697), but higher than that of eGFR (P = 0.003).

the staining expression of the tubular compartment was higher
than that of the glomerular compartment. These data suggest
that an increased, distribution-different expression of CD146 in
glomeruli and tubules may be associated with these two kinds of
rejections that were, respectively, characterized by glomerulitis
and tubulitis.

Allograft Expression of CD146 Was
Associated With Banff Score
The correlation of CD146 expression in renal biopsy specimens
with Banff score was further analyzed. The median values of
glomerular and tubular CD146 staining scores were defined
as the corresponding cut-offs. The high glomerular CD146
expression was defined as glomerular semi-quantitative score
≥1.7, and the high tubular CD146 expression was defined as
tubular semi-quantitative score ≥1.5. Our results showed that
high glomerular CD146 expression was positively correlated
with increased Banff g score (P < 0.0001), and high tubular
CD146 expression was positively correlated with increased Banff
t score (P < 0.0001) (Figure 6). These results suggest that CD146

expression in renal biopsy specimensmay be useful for evaluating
the severity of inflammatory infiltration in acute rejection.

DISCUSSION

The results of this study suggest that plasma sCD146 level may
be useful for monitoring acute rejection in renal transplant
recipients, and sCD146 might function as a pro-inflammatory
marker which facilitates the development of rejection.

Prior studies have shown that CD146 and its soluble form
are associated with endothelial dysfunction or injury and
play a crucial role in inflammatory diseases. Bardin et al.
reported that CD146 expression was increased in endothelial
cells from intestinal biopsy specimens from patients with active
IBD, Crohn’s disease or ulcerative colitis, especially in actively
inflamed areas. The results reflected the important role of
CD146 in endothelial dysfunction, vascular permeability, and
vessel proliferation (14). Studies of multiple sclerosis, which
is an inflammatory disease of the central nervous system,
showed the expression of CD146 in the blood-brain-barrier
promoted the transmigration of leukocytes, effectively triggering
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FIGURE 4 | Expression of CD146 in allograft biopsy specimens of kidney transplant patients. Representative image of CD146 staining in 5 groups (×400).

focal inflammation (13, 15, 32). Higher sCD146 levels in the
cerebrospinal fluid of patients with multiple sclerosis are also
correlated with the disease severity. In the current study, we
found that the level of sCD146 was higher in recipients with acute
rejection, implying the allografts were in an active inflammatory
phase, in accordance with the previous research results about
inflammation related diseases. Endothelial dysfunction has a
significant impact on the pathogenesis of acute rejection (33), so
we claimed that sCD146, as a marker of endothelial dysfunction,
may be useful for estimating the severity of inflammation and the
seriousness of acute rejection.

When designing the study, we excluded the mixed rejection
patients because of the consideration of the different mechanisms
of ABMR and TCMR, which might differ the concentrations
of sCD146. The main feature of ABMR is that the antigens of
vascular endothelial cells are recognized by various antibodies,
causing a series of subsequent rejection effects, however, TCMR
involves the infiltration of mononuclear lymphocytes into renal
tubules and interstitial. Unexpectedly, the plasma levels in
both rejection subgroups were elevated. Three possibilities may

explain the phenomenon: (1) TCMR is also involved in intimal
arteritis, which can cause an increase in soluble CD146; (2)
renal tubular epithelial cells are induced to express CD146 (30),
which resulted in increased plasma concentration after shedding;
(3) the experimental or statistical error caused by the too-small
sample size.

We found that a sCD146 plasma level of 75.64 ng/ml had
a specificity of 87.8% and a sensitivity of 80.8% for predicting
acute rejection, with an AUC of 0.895. We further established
a combination model suing sCD146 and eGFR, which had an
AUC of 0.912, a sensitivity of 82.5%, and a specificity of 88.9%
for discriminating acute rejection. According to our model, the
detection of sCD146 alone had a high sensitivity and specificity,
which meant that patients who used sCD146 level to detect
whether acute rejection occurs might have relatively satisfactory
diagnostic accuracy. When combined with eGFR to form a
joint model, the AUC of the novel model seems to improve up
to 0.912, but statistical analysis does not support this modest
improvement. In patients with abnormal or unstable renal
function after transplantation, sCD146 may have the potential to
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FIGURE 5 | Semi-quantitative scoring of CD146 expression in different parts. (A,C) Semi-quantitative scoring of CD146 staining of glomerular and tubular

compartments between the rejection groups and non-rejection group. (B,D) Semi-quantitative scoring of CD146 staining of glomerular and tubular compartments

between the five subgroups. The statistical differences among groups were assessed by Student’s t-test and one-way ANOVA. Statistical significance: ***P < 0.001,

****P < 0.0001.

be a sensitive indicator for the occurrence of allograft rejection.
Although allograft biopsy is still the gold standard, the detection
of sCD146 level could complement the diagnostic efficiency
of common clinical indicators and increase the accuracy of
diagnosis of acute rejection.

We also found the staining degree of CD146 was greater
in biopsy specimens of acute rejection. It is reasonable to

deduce that the increased plasma sCD146 level might come
from the allografts undergoing rejection by Logistic regression
analysis. CD146 could make endothelial cells to remodel their
cytoskeleton, facilitating certain kinds of leukocytes and small
activated molecules to pass through the barriers and then
infiltrate local inflammatory tissues (34). Interestingly, the
distribution pattern of CD146 staining was not the same in
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FIGURE 6 | Association of CD146 expression and Banff score. (A) The correlation of CD146 expression in glomerulus and Banff g score. (B) The correlation of

CD146 expression in tubule and Banff t score. Statistical significance: ****P < 0.0001.

ABMR and TCMR. In ABMR, CD146 staining was greater
in the glomerular compartment, while in TCMR staining was
concentrated in the tubules. In addition, glomerular CD146
staining was positively correlated with biopsy Banff g score, and
tubular staining was correlated with Banff t score. These data
may support the hypothesis that high expression of CD146 is
associated with the severity of local inflammation.

As previously described, CD146 expression is limited to
certain cells and tissues. Moreover, the normal distribution
of CD146 expression will change under certain condition of
diseases. Some cell types that do not initially express CD146,
such as renal tubular epithelial cells, will highly express it (25).
Changes of the expression pattern of CD146 in cells may imply
transformation of the function and structure of these cells. In this
study, the expression of CD146 was different between the TCMR
and ABMR groups. There was up-regulation of CD146 in the
tubular region of patients with TCMR and the glomerular region
of patients with ABMR, which is consistent with the respective
pathological changes—tubulitis and glomerulitis.

To our best knowledge, this is the first study to explore the
relation of sCD146/CD146 and acute renal rejection. Besides the
new findings of this study, there are some limitations. Firstly,
this was a single center retrospective study with a relatively
small sample size. Secondly, the value of sCD146 for diagnosis
of acute rejection needs further external evaluation. Thirdly, the
potential mechanism explaining how CD146 contributes to the
acute rejection requires further investigation.

In summary, our findings suggest that sCD146 may be

useful for diagnosing acute rejection episodes in renal transplant

recipients. The increased expression of CD146 may reflect

endothelial or tubular epithelial dysfunction in the pathogenesis
of immune injury.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in
the article/Supplementary-Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of the first affiliated hospital of
Sun Yat-sen University. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

JLia and QF conception and design, collection and assembly
of data, data analysis and interpretation, manuscript writing,
final approval of manuscript. WC, WZ, and SY pathological
examination and analysis, final approval of manuscript. JLi,
BX, and HH collection and assembly of data, data analysis
and interpretation, final approval of manuscript. YG, JW, and
XL laboratory experiments. HZ statistical analysis. LL and CW
conception and design, financial support, data interpretation,
manuscript writing, final approval of manuscript.

ACKNOWLEDGMENTS

This project was supported by the National Natural Science
Foundation of China (81870511, 81670680, 81700655),
Science and Technology Planning Project of Guangdong
Province, China (2014B020212006, 2015B020226002,
2017A020215012), Guangdong Natural Science Foundation
(2018A030313016), Key Scientific and Technological Program

Frontiers in Medicine | www.frontiersin.org 9 November 2020 | Volume 7 | Article 531999

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Liao et al. sCD146, Marker of Acute Rejection

of Guangzhou City (201803040011), Guangdong Provincial Key
Laboratory on Organ Donation and Transplant Immunology
(2013A061401007, 2017B030314018), and Guangdong
Provincial International Cooperation Base of Science and
Technology (Organ Transplantation, 2015B050501002).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.531999/full#supplementary-material

REFERENCES

1. Oniscu GC, Brown H, Forsythe JL. Impact of cadaveric renal transplantation

on survival in patients listed for transplantation. J Am Soc Nephrol. (2005)

16:1859–65. doi: 10.1681/ASN.2004121092

2. Chapman JR, O’Connell PJ, Nankivell BJ. Chronic renal allograft dysfunction.

J Am Soc Nephrol. (2005) 16:3015–26. doi: 10.1681/ASN.2005050463

3. Nankivell BJ, Kuypers DR. Diagnosis and prevention of

chronic kidney allograft loss. Lancet. (2011) 378:1428–37.

doi: 10.1016/S0140-6736(11)60699-5

4. Huraib S, Goldberg H, Katz A, Cardella CJ, deVeber GA, Cook

CT, et al. Percutaneous needle biopsy of the transplanted kidney:

technique and complications. Am J Kidney Dis. (1989) 14:13–7.

doi: 10.1016/S0272-6386(89)80087-3

5. Wilczek HE. Percutaneous needle biopsy of the renal allograft. A clinical

safety evaluation of 1129 biopsies. Transplantation. (1990) 50:790–7.

doi: 10.1097/00007890-199011000-00010

6. Tapia-Canelas C, Zometa R, O López-Oliva M, Jiménez C, Rivas B, Escuin F,

et al. [Complications associated with renal graft biopsy in transplant patients].

Nefrologia. (2014) 34:115–9. doi: 10.3265/Nefrologia.pre2013.Nov.12232

7. Lehmann JM, Holzmann B, Breitbart EW, Schmiegelow P, Riethmüller

G, Johnson JP. Discrimination between benign and malignant cells of

melanocytic lineage by two novel antigens, a glycoprotein with a molecular

weight of 113,000 and a protein with a molecular weight of 76,000. Cancer

Res. (1987) 47:841–5.

8. van den Bosch TPP, Hilbrands LB, Kraaijeveld R, Litjens NHR, Rezaee F,

Nieboer D, et al. Pre-transplant numbers of CD16(+) monocytes as a novel

biomarker to predict acute rejection after kidney transplantation: a pilot study.

Am J Transplant. (2017) 17:2659–67. doi: 10.1111/ajt.14280

9. Dagur PK, Tatlici G, Gourley M, Samsel L, Raghavachari N, Liu P, et al.

CD146+ T lymphocytes are increased in both the peripheral circulation and

in the synovial effusions of patients with various musculoskeletal diseases

and display pro-inflammatory gene profiles. Cytometry B Clin Cytom. (2010)

78:88–95. doi: 10.1002/cyto.b.20502

10. Bardin N, Blot-Chabaud M, Despoix N, Kebir A, Harhouri K,

Arsanto JP, et al. CD146 and its soluble form regulate monocyte

transendothelial migration. Arterioscler Thromb Vasc Biol. (2009) 29:746–53.

doi: 10.1161/ATVBAHA.108.183251

11. Dagur PK, McCoy JP. Endothelial-binding pro-inflammatory T cells

identified by MCAM (CD146) expression: characterization and role

in human autoimmune diseases. Autoimmun Rev. (2015) 14:415–22.

doi: 10.1016/j.autrev.2015.01.003

12. Wang Z, Yan X. CD146, a multi-functional molecule beyond adhesion. Cancer

Lett. (2013) 330:150–62. doi: 10.1016/j.canlet.2012.11.049

13. Ito T, Tamura N, Okuda S, Tada K, Matsushita M, Yamaji K, et al. Elevated

serum levels of soluble CD146 in patients with systemic sclerosis. Clin

Rheumatol. (2017) 36:119–24. doi: 10.1007/s10067-016-3434-3

14. Bardin N, Reumaux D, Geboes K, Colombel JF, Blot-Chabaud M, Sampol J,

et al. Increased expression of CD146, a newmarker of the endothelial junction

in active inflammatory bowel disease. Inflamm Bowel Dis. (2006) 12:16–21.

doi: 10.1097/01.MIB.0000194181.46930.88

15. Duan H, Luo Y, Hao H, Feng L, Zhang Y, Lu D, et al. Soluble CD146

in cerebrospinal fluid of active multiple sclerosis. Neuroscience. (2013)

235:16–26. doi: 10.1016/j.neuroscience.2013.01.020

16. Ilie M, Long E, Hofman V, Selva E, Bonnetaud C, Boyer J, et al. Clinical

value of circulating endothelial cells and of soluble CD146 levels in patients

undergoing surgery for non-small cell lung cancer. Br J Cancer. (2014).

110:1236–43. doi: 10.1038/bjc.2014.11

17. Stalin J, Nollet M, Garigue P, Fernandez S, Vivancos L, Essaadi A,

et al. Targeting soluble CD146 with a neutralizing antibody inhibits

vascularization, growth and survival of CD146-positive tumors. Oncogene.

(2016) 35:5489–500. doi: 10.1038/onc.2016.83

18. Dufies M, Nollet M, Ambrosetti D, Traboulsi W, Viotti J, Borchiellini D, et al.

Soluble CD146 is a predictive marker of pejorative evolution and of sunitinib

efficacy in clear cell renal cell carcinoma. Theranostics. (2018) 8:2447–58.

doi: 10.7150/thno.23002

19. Xing S, Luo Y, Liu Z, Bu P, Duan H, Liu D, et al. Targeting

endothelial CD146 attenuates colitis and prevents colitis-associated

carcinogenesis. Am J Pathol. (2014) 184:1604–16. doi: 10.1016/j.ajpath.2014.

01.031

20. Kubena P, Arrigo M, Parenica J, Gayat E, Sadoune M, Ganovska E,

et al. Plasma levels of soluble CD146 reflect the severity of pulmonary

congestion better than brain natriuretic peptide in acute coronary

syndrome. Ann Lab Med. (2016) 36:300–5. doi: 10.3343/alm.201

6.36.4.300

21. Van Aelst LNL, Arrigo M, Placido R, Akiyama E, Girerd N, Zannad F, et al.

Acutely decompensated heart failure with preserved and reduced ejection

fraction present with comparable haemodynamic congestion. Eur J Heart Fail.

(2018) 20:738–47. doi: 10.1002/ejhf.1050

22. Gayat E, Caillard A, Laribi S, Mueller C, Sadoune M, Seronde MF, et al.

Soluble CD146, a new endothelial biomarker of acutely decompensated

heart failure. Int J Cardiol. (2015) 199:241–7. doi: 10.1016/j.ijcard.201

5.07.039

23. Harhouri K, Kebir A, Guillet B, Foucault-Bertaud A, Voytenko

S, Piercecchi-Marti MD, et al. Soluble CD146 displays angiogenic

properties and promotes neovascularization in experimental hind-

limb ischemia. Blood. (2010) 115:3843–51. doi: 10.1182/blood-2009-06-

229591

24. Stalin J, Harhouri K, Hubert L, Garrigue P, Nollet M, Essaadi A, et al.

Soluble CD146 boosts therapeutic effect of endothelial progenitors through

proteolytic processing of short CD146 isoform. Cardiovasc Res. (2016)

111:240–51. doi: 10.1093/cvr/cvw096

25. Bardin N, Moal V, Anfosso F, Daniel L, Brunet P, Sampol J, et al. Soluble

CD146, a novel endothelial marker, is increased in physiopathological

settings linked to endothelial junctional alteration. Thromb Haemost. (2003).

90:915–20. doi: 10.1160/TH02-11-0285

26. Małyszko J, Małyszko JS, Brzosko S, Wołczynski S, Myśliwiec M. Markers of
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