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Abstract

Background: Chronic allograft dysfunction (CAD) is considered the leading cause of late allograft loss. The cluster
of differentiation 47 (CD47) and calreticulin (CRT) are involved in many and diverse cellular processes. The present
study was designed to study the role of the pro-phagocytic CRT and anti-phagocytic CD47 signals in patients with
renal transplantation in relation to graft function.
Thirty renal transplantation recipients (RTR) for more than 6 months [15 with stable renal function and 15 with
chronic allograft dysfunction (CAD)] and 15 healthy controls were enrolled in the study. Quantification of CRT,
CD47, and high-sensitivity C-reactive protein (hsCRP) levels in serum was done using standardized enzyme-linked
immunosorbent assay (ELISA) kits. Measurement of renal function and urinary alkaline phosphatase (U.ALP) was
done. Renal interstitial fibrosis (IF) was graded in renal biopsies of CAD.

Results: Serum CRT and urinary ALP levels were statistically significant higher (P < 0.001) while serum CD47 level
was statistically significant lower (P < 0.001) in patients with CAD than patients with stable graft function and
controls. There was statistically insignificant difference between controls and patients with stable graft function.
Serum CRT and serum CD47 levels were positively correlated with each other and with worsening renal and tubular
function, serum hsCRP in RTR and with degree of renal IF in patients with CAD (P < 0.05).

Conclusions: The activation and dysregulation of CRT and CD47 could play a role in the development of CAD and
could be a potential biomarker for renal allograft dysfunction.
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Background
Renal transplantation is accepted as the most effective
form of renal replacement therapy that improves patient
survival, reduces morbidity, is cost-effective, improves
quality of life, releases from the tedium of dialysis, and
facilitates social rehabilitation of patients with end stage
renal disease (ESRD). Therefore, renal transplantation is
the treatment of choice for most ESRD patients. Although

the most important problems in renal transplantation are
organ availability and late graft loss [1, 2].
With the recognition of alloantibodies as the major

factor that leads to graft dysfunction, the term “chronic
allograft nephropathy” has been replaced by more specific
terminology in the Banff classification of renal allograft
pathology. A frequent pathologic feature of chronic allo-
graft injury is interstitial fibrosis or tubular atrophy [3, 4].
Chronic interstitial fibrosis and tubular atrophy may

also result from damage to the allograft during the phase
of ischemia-reperfusion injury (IR) or early acute rejection,
calcineurin inhibitor (CNI) nephrotoxicity, recurrent glom-
erular disease, and BK virus (BKV) infection [4].
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Calreticulin (CRT) is an evolutionarily conserved pro-
tein that is a major calcium 2+ (Ca2+-) binding (storage)
protein in the lumen of the endoplasmic reticulum (ER)
[5, 6]. The CRT is a 46 kDa (400 amino acid residues) in
the lumen of endoplasmic reticulum (ER) as a major Ca2+
binding chaperon [7]. Biochemical and structural studies
have demonstrated three distinct structural domains of
CRT: the amino-terminal N-domain, the middle P-domain,
and the carboxyl-terminal C-domain. The protein also
contains a cleavable amino acid signal sequence at the
beginning of N-terminal directing the protein to ER and an
ER retention/retrieval signal at the C-terminal [6, 8]. It also
plays two main functions in ER as a chaperon and as a
Ca2+ binding and storage protein. CRT is also found in
several other sub-cellular locations: the cell surface,
cytoplasm, and extracellular marix (ECM) [8].
The ER stress and apoptosis are recognized as major

contributors to progression of renal fibrosis [9, 10]. A
central mediator in fibrosis is the profibrotic cytokine
transforming growth factor β (TGF-β1), the expression
of which was decreased in CRT heterozygous mice [11].
The CRT serves as a pro-phagocytic signal by binding

to its macrophage receptor, low-density lipoprotein-
related protein (LRP-1), which leads to engulfment of
the target cell [12]. The translocation of CRT to plasma
membrane constitutes one of the crucial features of
immunogenic tumor cell death, presumably because
surface-exposed CRT facilitates the engulfment of dying
tumor cells by phagocytes [13]. Upregulation of CRT
during fibrosis may be involved in establishment of the
inflammatory state that characterizes the fibrotic kidney,
thereby increasing TGF-β1 production [14]. CRT expressed
on the cell surface is considered as an “eat-me” signal for
multiple human cancers [15].
The CD47 is also known as integrin-associated protein

(IAP). It is a cell surface protein of the immunoglobulin
(Ig) superfamily, which is heavily glycosylated and
expressed by virtually all cells in the body. The CD47
was first recognized as a 50 kDa protein associated and
copurified with the α v β 3 integrin in placenta and neu-
trophil granulocytes and later shown to have the capacity
to regulate integrin function and the responsiveness of
leukocytes to tripeptide arginine-glycine-aspartic acid
(RGD)-containing extracellular matrix proteins [16, 17].
The CD47 functions as an inhibitor of phagocytosis

through ligation to transmembrane signal-regulatory
proteins alpha (SIRPα), SIRP γ, and also the ligands
thrombospondin-1 (TSP-1) particularly expressed on the
myeloid-lineage hematopoietic cells including macro-
phages. The TSP1 and CD47 are upregulated in ischemia
reperfusion injury (IRI) and that the absence or disruption
of TSP1-CD47 signaling provides protection from soft
tissue, liver, and renal IRI. So activation of CD47, TSP1
limits renal tubular cells (rTEC) proliferation and self-

renewal after IRI [18], although the role of this interaction
in renal recovery is unknown [19]. CD47 serves as a “don’t
eat me” signal and might be a central actor in the tumor
microenvironment to escape innate immune surveillance
through evasion of phagocytosis [20, 21].
Therefore, the aim of the present work was to study

the role of the pro-phagocytic calreticulin and the anti-
phagocytic CD47 signals in renal transplant recipients
and their relation to chronic allograft function.

Methods
Study population
The present study included 30 recipients of RT for more
than 6 months [15 RTR with stable renal function
(serum creatinine ≤ 2 mg/dl) (group I) and 15 RTR with
CAD (serum creatinine > 2 mg/dl)], (group II), who
were referred to the Nephrology and Transplantation
Unit, Department of Internal Medicine. Also, 15 healthy
subjects of matched age and sex were included as con-
trols (group III) (Table 1).
The patients were selected after exclusion of viral in-

fections, underlying chronic liver disease, pre-transplant
diabetes mellitus or hyperlipidemia, connective tissue
and autoimmune diseases, other infections or inflamma-
tory disorders, any kind of malignancy, cardiac and re-
spiratory diseases, and previous drug intake other than
the immunosuppressive drugs.
The study was conducted in accordance with the pro-

visions of the Declaration of Helsinki and Good Clinical
Practice guidelines. An informed consent was obtained
from all subjects included in the study. It was approved
by the Research Ethics Committee/the Institutional
Review Board of the Faculty of Medicine.
All RTR were evaluated clinically as regards original

renal disorders, previous RT, number of attacks of acute
rejection, other post-transplantation complications, viral
infections [hepatitis C virus, hepatitis B virus, human im-
munodeficiency virus, and cytomegalovirus] and immuno-
suppressive regimens [corticosteroids, cyclosporine and
mycophenolate mofetil]. Therapeutic immunosuppressive
drug was monitored for all transplanted patients [22].

Laboratory investigations
Laboratory investigations included complete blood picture
[23], complete urine analysis, renal function tests [blood
urea, serum creatinine [24], estimated glomerular filtration
rate (eGFR) using the Chronic Kidney Disease Epidemi-
ology Collaboration formula [25] and urinary albumin/cre-
atinine ratio (ACR)] [23]. Serum levels of high-sensitivity
C-reactive protein (hsCRP), a marker of systemic inflamma-
tion, were measured using enzyme-linked immunosorbant
assay (ELISA) kit (Cusabio, Wuhan, Hubei Province, China)
[26] Urinary alkaline phosphatase (U.ALP) was measured
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as a marker for tubular function by the spectrophotometric
method [27, 28].
Quantification of calreticulin (CRT) and CD47 levels

in serum was performed using a standardized commer-
cially available enzyme-linked immunosorbent assay
(ELISA) kits [29].

Radiological examination
Abdominal ultrasonograghy was done to assess the kid-
ney allograft size, shape, echogenicity, corticomedullary
differentiation, presence of stones, masses, hydronephro-
sis, or lymphocele [30].

Histopathological examination
Renal allograft biopsies obtained from RTR with CAD
were fixed in 10% formalin solution, embedded in paraf-
fin, sectioned (5 μm thick), and subsequently stained
with hematoxylin-eosin, and trichrome stains were used
to quantify histologic findings of CAD and the degree of
renal interstitial fibrosis (IF) according to the Banff
interstitial fibrosis (ci) score as follows: (1) ci0: interstitial
fibrosis in up to 5% of cortical area, (2) ci1: interstitial
fibrosis in 6 to 25% of cortical area (mild interstitial
fibrosis), (3) ci2: interstitial fibrosis in 26 to 50% of

cortical area (moderate interstitial fibrosis), (4) ci3: inter-
stitial fibrosis in > 50% of cortical area (severe interstitial
fibrosis) [31, 32].

Statistical analysis
Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp.) Qualitative data were described using number
and percent. Fisher’s exact test with Monte Carlo cor-
rected significance was used for comparison between
groups. The Kolmogorov-Smirnov test was used to verify
the normality of distribution. Quantitative data were
described using range (minimum and maximum), mean
and standard deviation. For normally distributed con-
tinuous data, comparison between groups was done
using the Student’s t test and one-way ANOVA test with
post hoc test (Tukey) for pairwise comparisons. Kruskal-
Wallis test was used for non-normally distributed data
and when the test was positive, Dunn’s for multiple
comparisons test was done for pairwise comparisons in
a post hoc fashion. Correlations between variables were
analyzed using Spearman’s rank test.
Receiver operating characteristic (ROC) curve was used

to determine the sensitivity, specificity, cut-off value, and

Table 1 Characteristics of renal transplant recipients with stable renal function and chronic allograft dysfunction (CAD) and healthy
controls

Variables Renal transplant recipients Healthy controls
(n = 15)

P value*

Stable renal function
(n = 15)

CAD
(n = 15)

Age (years) 42.27 ± 7.32 39.40 ± 10.57 36.53 ± 5.25 0.160

Gender

Male, n (%) 9 (60%) 11 (73.3%) 8 (53.3%) 0.516a

Female, n (%) 6 (40%) 4 (26.7%) 7 (46.7%)

Renal transplantation duration (years) 4.47 ± 2.91 3.57 ± 2.39 – 0.427b

Creatinine (mg/dl) 1.23 ± 0.34 † 2.69 ± 0.47 †‡ 0.91 ± 0.12 < 0.001

eGFR (ml/min/1.73 m2) 65.09 ± 19.02 † 27.44 ± 6.96 †‡ 103.4 ± 13.19 < 0.001

Urinary ACR (mg/g) 268.2 ± 137.5 † 332.7 ± 319.1 † 21.53 ± 5.64 < 0.001

hsCRP (mg/l) 6.07 ± 3.45 † 13.33 ± 7.89 † 2.33 ± 0.65 < 0.001

Urinary alkaline phosphatase (U/l) 37.65 ± 16.55 57.26 ± 21.57 †‡ 42.58 ± 11.43 0.008

Calreticulin (ng/ml) 2.60 ± 0.51 3.77 ± 1.03 †‡ 2.12 ± 0.39 < 0.001

CD47 (pg/ml) 1642.83 ± 894.99 907.30 ± 343.99 †‡ 2092.87 ± 1015.32 < 0.001

Renal interstitial fibrosis

Mild, n (%) – 6 (40%) –

Moderate, n (%) – 5 (33.33%) –

Severe, n (%) – 4 (26.66%) –

eGFR estimated glomerular filtration rate, ACR albumin/creatinine ratio, hsCRP high-sensitivity C-reactive protein. Continuous data are represented as mean ± SD
and categorical data are represented as number and percentages
*One-way ANOVA test with post hoc test (Tukey) for pairwise comparisons
aFisher’s exact test with Monte Carlo corrected significance
bStudent’s t test
†Significant difference from healthy controls (P < 0.05)
‡Significant difference from renal transplant recipients with stable renal function (P < 0.05)
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area under the curve (AUC) with a 95% confidence inter-
val of serum calreticulin, CD47, and serum hsCRP in
discriminating RTR with CAD from those with stable
renal function. Significance of the obtained results was
judged at the 5% level.

Results
Clinical results
Duration of transplantation in group I ranged from 0.5
to 10 years with a mean of 4.47 ± 2.91 years. In group II,
it ranged from 1 to 10 years with a mean of 3.57 ± 2.39
years. There was insignificant difference between the
two groups of patients (U = 93.500, P = 0.427) (Table 1).
In the present study, four patients of group I suffered

from acute rejection episode at one month post trans-
plantation and five patients of group II at 1, 3, 4, 5, and
6 months post transplantation. Cyclosporine toxicity was
diagnosed in 2 patients of group I and in 3 patients of
group II. One patient of group I and two patients of
group II had a history of acute tubular necrosis (ATN)
which occurred just after transplantation and led to de-
layed graft function (DGF) (Table 1).

Laboratory results
Serum creatinine levels was significantly higher in RTR
with CAD and those with stable renal function than the
healthy controls and in patients with CAD than patients
with stable renal function (P < 0.001). Urinary ACR and
serum hsCRP levels were significantly higher in both
groups with RTR than healthy controls with insignificant
difference between patients with CAD and those with

stable renal function (P < 0.001 for both). By contrast,
eGFR showed significant decreases in RTR with stable
renal function and CAD compared with healthy controls
and in RTR with CAD compared with those with stable
renal function (P < 0.001). Urinary ALP was significantly
higher in RTR with CAD than those with stable renal
function and the healthy controls with insignificant
difference between patients with stable renal function
and the healthy controls (P = 0.008) (Table 1).
By plotting ROC curve, the sensitivity and specificity

of the hsCRP level in discriminating RTR with stable
allograft function from RTR with CAD were 73.3% and
60%, respectively, at a cut-off level of 6 mg/l (area under
the curve = 0.798) (Fig. 1).

Serum calreticulin
Serum calreticulin levels ranged between 1.50 and 3.50
ng/ml with a mean of 2.60 ± 0.51 ng/ml in RTR with
stable function, in RTR with CAD it ranged from 2.30 to
5.50 ng/ml with a mean of 3.77 ± 1.03 ng/ml and in
healthy controls it ranged from 1.4.00 to 2.50 ng/ml with
a mean of 2.12 ± 0.39 ng/ml. There was statistically
significant difference between the three groups (H =
25.403, P < 0.001). It was significantly higher in RTR
with CAD than RTR with stable renal function and
healthy controls. There was insignificant difference
between RTR with stable renal function and healthy
controls (Table 1, Fig. 2).
Serum calreticulin in RTR with stable function and

CAD was positively correlated with serum creatinine (r
= 0.753, P = 0.001, r = 0.673, P = 0.006, respectively),

Fig. 1 Receiver operating characteristic curve (ROC) shows that the sensitivity and specificity of the high-sensitivity C-reactive protein (hsCRP)
level in discriminating renal transplant recipients with stable allograft function from renal transplant recipients with chronic allograft dysfunction
were 73.3% and 60%, respectively, at a cut-off level of 6 mg/l (area under the curve = 0.798)
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hsCRP (r = 0.694, P = 0.004, r = 0.720, P = 0.002, re-
spectively), urinary alkaline phosphatase (r = 0.592, P =
0.020, r = 0.597, P = 0.019, respectively), and serum
CD47 (r = 0.577, P = 0.024), (r = 0.994, P < 0.001, re-
spectively) and with U.ACR in RTR with stable renal
function (r = 0.549, P = 0.034). It was inversely corre-
lated e-GFR (r = − 0.721, P = 0.002) in RTR with stable
renal function. In RTR with CAD, serum celreticulin
was positively correlated with the degree of renal IF (r =
0.712, P = 0.003) (Table 2, Fig. 3).
By plotting ROC curve, the sensitivity and specificity

of the serum CRT level in discriminating RTR with
stable allograft function from RTR with CAD were
86.7% and 73.3%, respectively, at a cut-off level of 2.6
ng/ml (area under the curve = 0.842) (Fig. 4).

Serum CD47
Serum CD47 levels ranged between 648 and 4410.0 pg/
ml with a mean of 1642.83 ± 894.99 pg/ml in RTR with
stable function, in RTR with CAD ranged from 404.0 to
1517.0 pg/ml with a mean of 907.30 ± 343.99 pg/ml and
in healthy subjects it ranged from 1085.0–4040.0 pg/ml
with a mean of 2092.87 ± 1015.32 pg/ml. There was
significant difference between the three groups (H =
17.815, P < 0.001). It was significantly higher in RTR
with CAD than RTR with stable renal function and
healthy controls. There was insignificant difference
between RTR with stable renal function and healthy
controls (Table 1, Fig. 5).
Serum CD47 in RTR with stable function and CAD was

positively correlated with serum creatinine (r = 0.713, P =

Fig. 2 Serum calreticulin (CRT) (ng/ml) in renal transplant recipients with stable allograft function (group I), chronic allograft dysfunction (group
II), and in control subjects (group III)

Table 2 Statistical correlations between serum calreticulin (CRT) levels (ng/ml) on the one hand and serum CD47, renal function,
high-sensitivity C-reactive protein (hsCRP), urinary alkaline phosphatase, and degree of renal fibrosis on the other hand in renal
transplant recipients (RTR) with stable renal function and chronic allograft dysfunction (CAD)

Variables Serum calreticulin (ng/ml)

RTR with stable renal function
(n = 15)

RTR with CAD
(n = 15)

r P r P

Serum CD47 (pg/ml) 0.577 0.024 0.994 < 0.001

Serum creatinine (mg/dl) 0.753 0.001 0.673 0.006

eGFR (ml/min/1.73 m2) − 0.721 0.002 − 0.454 0.089

Urinary ACR (mg/g) 0.549 0.034 0.319 0.247

hsCRP (mg/l) 0.694 0.004 0.720 0.002

Urinary alkaline phosphatase
(U/l)

0.592 0.020 0.597 0.019

Renal interstitial fibrosis – – 0.712 0.003

eGFR estimated glomerular filtration rate, ACR albumin/creatinine ratio, hsCRP high-sensitivity C-reactive protein, r Spearman correlation coefficient
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0.003, r = 0.629, P = 0.012, respectively), hsCRP (r = 0.797,
P = < 0.001, r = 0.680, P = 0.005, respectively), urinary
alkaline phosphatase (r = 0.529, P = 0.043, r = 0.581, P =
0.023, respectively), and with U.ACR in RTR with stable
renal function (r = 0.671, P = 0.006. It was inversely
correlated e-GFR (r = − 0.543, P =0.037) in RTR with
stable renal function. In RTR with CAD, serum CD47 was

positively correlated with the degree of renal IF (r = 0.692,
P = 0.004) (Table 3, Fig. 6).
By plotting ROC curve, the sensitivity and specificity

of the serum CD47 level in discriminating RTR with
stable allograft function from RTR with CAD were
73.3% and 73.3%, respectively, at a cut-off level of 1186
pg/ml (area under the curve =0.824) (Fig. 7).

Fig. 3 Correlation between serum calreticulin (S. CRT) level (ng/dl) with the degree of renal fibrosis in renal transplant recipients with chronic
allograft dysfunction

Fig. 4 Receiver operating characteristic curve (ROC) shows that the sensitivity and specificity of the calreticulin (CRT) level in discriminating renal
transplant recipients with stable allograft function from renal transplant recipients with chronic allograft dysfunction were 86.7% and 73.3%,
respectively, at a cut-off level of 2.6 ng/ml (area under the curve = 0. 842)
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Radiological examination
Ultrasound
In patients with stable renal function conventional ultra-
sound examination was normal except in five patients, it
showed mild increase in echogenicity. In all patients
with chronic allograft dysfunction, the kidneys showed
increased cortical echogenicity, reduced size, and fair
corticomedullary differentiation. A well-defined an-echoic
cystic collection situated between the graft and urinary
bladder (lymphocele) was detected in one patient of group
I and 2 patients of group II.

Histopathological evaluation
All renal biopsies which had been taken showed picture
of chronic allograft nephropathy. Glomerular changes
with double contour of the peripheral capillary loops
moderate and increase in the mesangial matrix (five
biopsies with cg2, six cg1 and four cg0, eleven mm1, and

four mm0) vascular changes with fibrous intimal thick-
ening and narrowing of the included arteries (thirteen
cv1 and two cv2). Mild arteriolar hyaline thickening was
detected in 13 of them (ah1). Ten biopsies showed few
foci of mild tubulitis (t1). The degree of renal IF in RTR
with CAD was mild (ci1) in 6 patients (40%), moderate
(ci2) in 5 patients (33.33%), and severe (ci3) in 4 patients
(26.66%) (Table 1).

Discussion
Upregulation of CRT during fibrosis may be involved in
establishment of the inflammatory state that character-
izes the fibrotic kidney, with increasing TGF-β1 produc-
tion [14].
The present work showed a significant increase in

serum levels of CRT in RTR and was more pronounced
in patients with CAD with insignificant difference
between RTR with stable renal function and controls

Fig. 5 Serum CD47 (pg/ml) in renal transplant recipients with stable allograft function (group I), chronic allograft dysfunction (group II), and in
control subjects (group III)

Table 3 Statistical correlations between serum serum CD47 levels (pg/ml) on the one hand and renal function, high-sensitivity C-
reactive protein (hsCRP), urinary alkaline phosphatase, and degree of renal fibrosis on the other hand in renal transplant recipients
(RTR) with stable renal function and chronic allograft dysfunction (CAD)

Variables Serum CD47 (pg/ml)

RTR with stable renal function
(n = 15)

RTR with CAD
(n = 15)

r P r P

Serum creatinine (mg/dl) 0.713 0.003 0.629 0.012

eGFR (ml/min/1.73 m2) − 0.543 0.037 − 0.461 0.084

Urinary ACR (mg/g) 0.671 0.006 0.266 0.338

hsCRP (mg/l) 0.797 < 0.001 0.680 0.005

Urinary alkaline phosphatase (U/l) 0.529 0.043 0.581 0.023

Renal interstitial fibrosis – – 0.692 0.004

eGFR estimated glomerular filtration rate, ACR albumin/creatinine ratio, hsCRP high-sensitivity C-reactive protein, r Spearman correlation coefficient
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group and was positively correlated with worsening of
renal function, tubular dysfunction and the degree of
renal fibrosis. This denotes that there is activation and
upregulation of CRT in renal transplant recipients with
deterioration of renal function. The present study
showed high sensitivity and specificity of serum CRT in
discriminating RTR with stable renal function from RTR
with CAD. So, it could be a good marker of allograft
function and provide a biochemical basis for the devel-
opment of block of S.CRT and targeting therapy for
treatment and even prevention of renal deterioration. To

our knowledge, this is the first study addressing the
association between serum CRT levels and human renal
allograft dysfunction.
Previous studies demonstrated increased CRT levels in

patients with CKD and renal fibrosis [33, 34], diabetes
with worsening renal function [35], systemic lupus ery-
thematosus with organ damage [36] rheumatoid arthritis
[37] essential thrombocytopenia [38], immune response
[39], and human cancer [40].
It was found that CRT facilitates the folding of major

histocompatibility complex (MHC) class I molecules,

Fig. 6 Correlation between serum CD47 (S. CD47) (pg/ml) with the degree of renal fibrosis in renal transplant recipients with chronic allograft dysfunction

Fig. 7 Receiver operating characteristic curve (ROC) shows that the sensitivity and specificity of the CD47 level in discriminating renal transplant
recipients with stable allograft function from renal transplant recipients with chronic allograft dysfunction were 73.3% and 73.3%, respectively, at a
cut-off level of 1186 pg/ml (area under the curve = 0. 824)
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thereby influencing antigen presentation to cytotoxic T
cells [39]. The macrophages with a higher surface CRT
showed a stronger phagocytic ability to cancer cell
phagocytosis, blockade of CRT on macrophages dimin-
ished phagocytosis [40]. Adiponectin binding to CRT on
the macrophage cell surface can protect from systemic
inflammation by promoting apoptotic cell clearance and
reduced features of autoimmunity in lpr mice [35].
Wang et al. [36] reported elevated levels of CRT among
patients with systemic lupus erythematosus (SLE) and
with the presence of cumulative organ damage. The
CRT level was correlated with the presence of lupus
nephritis and disease activity index. Also, in juvenile
idiopathic arthritis (JIA), the elevation of CRT was corre-
lated with disease activity and severity parameters [37].
Regarding this study, serum CD47 level was signifi-

cantly lower in RTR with CAD than RTR with stable
renal function and controls group, and there was a posi-
tive correlation between the S.CD47 and S.CRT, and
both with markers of renal function, tubular injury, and
the degree of renal fibrosis. This means that with the
increase of S.CRT, the S.CD47 increase to balance the
excessive function of CRT with increase apoptosis [41].
So, in this study, there is a downregulation in the
S.CD47 in RTR with CAD with incomplete compensa-
tory mechanism in these patients. These denote that
changes on the apoptotic cell create an environment
where “don’t eat me” signals are rendered less active and
“pro-phagocytic eat me” signals, including CRT are more
active [41]. Also, S.CRT and S.CD47 were positively cor-
related with the degree of hsCRP levels. This shows that
there is an ongoing inflammation with the upregulation
of CRT and downregulation of CD47 in patients with
CAD who developed renal dysfunction. The present
study showed that serum CD47 like hsCRP in discrimin-
ating RTR with stable renal function from RTR with
CAD, but hsCRP is less specific than both S.CRT and
S.CD47 (60%, 73.3%, 73.3%, respectively). So, CD47
could share in playing a role in the pathogenesis of renal
injury and a good marker of graft survival.
Many studies showed the role of CD47 in xenotrans-

plantation rejection [42], in self-tolerance and auto-
immune disease, [43] HCV infection, [44] hepatocellular
carcinoma, [45] modulation of macrophage phagocytosis
[46] and ischemia-reperfusion injury [19].
Navarro-Alvarez and Yang, [42], demonstrated that

the CD47–SIRPα interaction has been implicated as a
critical regulator of xenotransplantation rejection with
the rapid rejection of CD47-deficient hematopoietic cells
by macrophages in syngeneic wild-type (WT) mice. It
was found that thrombospondin-1, promoted the gener-
ation of human peripheral regulatory T cells through the
ligation of one of its receptor CD47 that may participate
to the limitation of damage induced by exacerbated

responses to self or foreign Ags in autoimmune diseases
and transplantation [43] and were found to be upregulated
after renal IRI in mice [19]. Latour et al. [47] showed that
CD47/integrin-associated protein interacts with signal-
regulator protein (SIRP)-α and negatively regulates human
T and dendritic cell (DC) function. In patients with
chronic hepatitis, the CD47 gene was upregulated in their
liver tissues and with their interaction with SIRP1α on
hepatic macrophages inhibits their clearance [44]. CD47 is
considered as ‘don’t eat me’ signal which acts as a myeloid
immune checkpoint. Thus, the overexpression of CD47
on cancer cells is probably an outcome of immunoediting,
which ensures that cancer cells escape elimination by the
innate immune response of the macrophages [45].
It was found that the CRT upregulation and overex-

pression induced the acquisition of a pro-fibrotic pheno-
type in cultured tubular epithelial cells (TECs) [33].
Also, mouse embryonic fibroblasts (MEFs) that have
overexpress CRT have increased collagen I RNA and
protein expression [48]. Recently found that amelior-
ation of ER stress by using the chemical chaperones such
as 4-phenylbutyrate (4-PBA) [49], or Oleanolic acid and
the antioxidant, N-acetylcysteine, were recently demon-
strated to ameliorate in diabetic nephropathy [50] and
with CD47 blocking antibody [51] decreasing of fibrotic
histological changes
Several studies have demonstrated that excreted urin-

ary enzymes may be useful biomarkers for evaluation
and diagnosis of tubular dysfunction or injury [52, 53].
Uurinary ALP in this work was statistically signifi-

cantly higher in RTR with CAD than RTR with stable
renal function and contros, and this was positively corre-
lated with the degree of renal fibrosis. This tubular in-
jury could be one of the pathogenesis of renal fibrosis in
RTR with CAD in association with the dysregulation of
both the CRT and CD47. So, the measurement of urin-
ary enzymes as U.ALP could be a marker for assessment
of the severity and progression of tubular injury and
renal dysfuction in RTR.
Thus, increased excretions of tubular enzymes reflect

active tubular damage and have also been reported in pa-
tients with glomerulonephritis or under nephrotoxic drug
treatment [54]. The increase of ALP in urine seems to in-
dicate a lesion of the proximal convoluted tubule and/or
of an intensive regeneration of the tubular epithelial cells.
And the measurement of tubular enzymes provides valu-
able information about early renal proximal tubular insult
that ultimately may precede glomerular permeability in
subjects with diabetes mellitus [55]. In RTR, Câmara et al.
[56] found that unexpected high incidence (52%) of
proximal tubular dysfunction by measuring urinary
retinol-binding protein (uRBP) was associated with a five-
fold increased risk of chronic allograft dysfunction devel-
opment and subsequent graft loss.
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Conclusions
Based on the results of the present study, it can be
concluded that there is an upregulation of CRT and
dysregulation of CD47 in RTR and they can share in the
pathogenesis of CAD, and their measurement can dis-
criminate renal RTR with stable allograft function from
RTR with CAD. Also, the CRT and CD47 may be a
novel important mediator of the fibrotic process in RTR.
There is an association of tubular injury beside the
glomerular injury and the measurement of urinary
enzymes as U.ALP could be a marker for assessment of
the severity and progression of tubular injury and renal
dysfunction in RTR.
Further prospective studies are required to assess

targeting of CRT and CD47 as therapeutic strategies for
CAD, renal fibrosis, limiting inflammatory reaction, and
even prevention of renal deterioration.
The usefulness of serum CRT and CD47 as a potential

simple biomarkers for detecting allograft dysfunction
after renal transplantation needs to be validated in clin-
ical trials with a large-scale population.
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