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Introduction: Biopsy of the allograft is the gold standard for assessing kidney allograft dysfunction. The aim of our pilot
study was to identify serum biomarkers that could obviate the need for biopsy.

Materials and Methods: We conducted a study to identify the biomarkers in the serum from different groups of chronic kidney
disease (CKD) patients and kidney transplanted patients vs. healthy individuals. The four groups (n=25 in each group) were
as follows: 1) Patients with unstable kidney allograft transplants requiring biopsy for cause, 2) Patients with stable kidney
allograft transplants, 3) Patients with CKD not on immunosuppressive therapy and, 4) healthy subjects. We measured the
activity and level of serum alkaline phosphatase (ALP) and other liver enzymes (alanine transaminase (ALT) and aspartate
transaminase (AST)) as potential serum biomarkers in acute allograft dysfunction.

Results: We found that ALP correlated with allograft biopsy findings, liver function, and clinical outcomes and possibly
graft survival. Additionally, AST and ALT were higher in patients with graft rejection compared to non-rejected and stable
kidney transplants. Moreover, the low Pearson correlations (r- values) between ALP level with age (r=0.179), gender, body
mass index (r=0.236), creatinine (r=0.044) or estimated glomerular filtration rate (r=0.048) suggest that ALP may be an
independent biomarker which is relatively unaffected by other individual-level variables.

Conclusion: ALP may be a putative biomarker to predict kidney allograft function and rejection. Data also indicated that

liver function plays an important role for the overall success of kidney transplantation.

Keywords: Serum alkaline phosphatase, chronic kidney discase,
Kidney allograft rejection, non-invasive biomarker.

Abbreviations

NIDDK: National Institute of Diabetes and Digestive and Kidney
Diseases

WRNMMC: Walter Reed National Military Medical Center
USUHS: Uniformed Services University of the Health Science
ALP: Alkaline phosphatase

EPO: erythropoiesis stimulating agent

CRP: C-reactive protein

VEGEF: vascular endothelial growth factor

CKD: Chronic kidney disease

MUP: 4-Methylumbelliferyl-phosphate

FI: fluorescent intensity

NM: nanometer

ALT: alanine transaminase

AST: aspartate transaminase

eGFR: estimated glomerular filtration rate
°C: degrees Celsius

IRB: Internal Review Board

BMI: Body Mass Index

CV: cardiovascular

ESRD: End stage renal disease

CAC: Coronary artery calcification
MHD: maintenance hemodialysis
VSMC:s: vascular smooth muscle cells
C-VSMCs: calcifying vascular smooth muscle cells

Introduction
According to the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK), kidney disease is the 9th leading cause
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of mortality in America, with an estimated 30 million Americans
suffering from Chronic Kidney Disease (CKD) [1]. Additionally,
approximately 660,000 Americans have kidney failure, 470,000 of
whom are on dialysis, and 100,000 are awaiting kidney transplantation
[2, 3]. However, with only 18,000 kidney transplants conducted per
year, there exists a stark contrast between the number of individuals
who require a kidney transplant and the availability of kidneys [4].
Therefore, preservation of renal allograft function to obviate the need
for repeat transplant is of paramount importance. The purpose of
this study was to investigate the possible correlation between serum
alkaline phosphatase (ALP) levels and kidney allograft dysfunction,
with the aim of increasing the long term clinical function of kidney
transplant allografts.

Alkaline phosphatase affects inflammatory responses in patients
with CKD and has been reported to be associated with erythropoiesis
stimulating agent (EPO) resistant anemia [5]. While other
biomarkers such as Vascular Endothelial Growth Factor (VEGF)
gene polymorphism has been associated with long-term kidney

allograft outcomes, sparse data are available regarding the effect
of ALP in kidney transplant recipients [6].

In humans, ALP is present in all tissues, but is particularly
concentrated in the liver, bile duct, kidney, bone, intestinal mucosa,
and placenta [7]. Quantitative tissue specific ALP and other liver
function enzyme expression levels, particularly, alanine transaminase
(ALT) and aspartate transaminase (AST), were presented in the Fig
1. In the serum, twotypes of ALP isozymes are present: skeletal and
liver [7, 8]. during childhood, the majority of ALP are of skeletal
origin. Humans and most other mammals contain the following
ALP isozymes:

ALPI- intestinal (molecular weight of 150 kDa), ALPL- tissue-
nonspecific (expressed mainly in liver/bone/kidney), ALPP—
placental (Regan isozyme), and GCAP — germ cell. Four genes
separately encode the four isozymes [9-11]. The gene for tissue-
nonspecific ALP is located on chromosome 1, and genes for the
other three isoforms are located on chromosome 2 [12].
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Figure 1: The expression levels Alkaline Phosphatase (ALP), Alanine Transaminase (ALT), and Aspartate Transaminase (AST) (both
protein and messenger RNA levels) in different human tissues were presented. The data were analyzed from the Human Protein Atlas
(HPA) database (www.proteinatlas.org). The RNA-seq results generated in HPA are reported as number of transcripts per million (TPM).
Each bar represents the highest expression score found in a particular group of tissues. For protein expression score, each bar represents
the highest expression score found in a particular group of tissues. For genes where more than one antibody has been used, a collective

score is set displaying the estimated true protein expression.

In terms of biological function and importance, ALP has previously been linked to all-cause and cardiovascular death in several diseases,
especially diseases relating to the veins or heart [13]. It is also important to mention the elevated values of liver function tests (including
ALP, ALT and AST) in liver transplant patients [ 14, 15]. In a study containing 5540 patients with coronary artery disease, increased ALP
was independently associated with an increased risk of 3-year all-cause mortality [16]. Another study, with over 10,000 patients, reported
similar findings in that ALP was associated with an increased risk of all-cause mortality and cardiovascular-related hospitalizations [17,
18]. The study also found that high ALP was associated with increased risk of hospitalization due to infection or bone fracture [18].
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The association between high ALP and mortality may be the result
of increased vascular calcification and inflammation. Alkaline
phosphatase hydrolyzes pyrophosphate, an inhibitor of calcification,
which in turn could lead to excessive vascular calcification. An
association between ALP and calcification has been shown numerous
times in previous studies, especially in patients on hemodialysis, who
often have elevated ALP [19]. High serum ALP has been linearly
associated with and described as an independent risk factor for all-
cause mortality in addition to increased coronary calcification in
hemodialysis and peritoneal dialysis patients [20-24]. In addition, a
retrospective analysis of >11,000 kidney transplant recipients found
an association between non-transplant serum ALP >120 U/L with
increased risk of graft failure, all-cause mortality, and cardiovascular
(CV) mortality [25]. Two previous studies have shown a correlation
between ALP and C-reactive protein (CRP) levels in regard to
systemic inflammation [26, 27]. These studies suggest ALP’s integral
role in vascular calcification and inflammation — both of which are
key aspects for the health of a transplant recipient [19]. Therefore,
we hypothesized that kidney allograft dysfunction was associated
with higher level of ALP after kidney transplantation.

Methods

Ethics Statement: The study was approved by the joint IRB of Walter
Reed Military Medical Center (WRNMMC) and the Uniformed
Services University of The Health Sciences (USUHS), Bethesda,
MD. Informed consent was obtained for experimentation from every
individual subject and subjects were de-identified to protect their
identities and were assigned a random study number.

Patient Recruitment and Serum Collection

Study groups consisted of the following categories: 1. Patients
with allograft dysfunction who had undergone a “for-cause” renal
biopsy after renal transplantation (N=25), 2. Patients with stable
renal allografts (N=25), 3. Patients with CKD on dialysis (N=25),
and 4. Control subjects (N=25). Upon consent, samples had baseline
and follow-up blood draws at 3, 6, 9, 12, 18, and 24 months. Blood
samples were collected by venepuncture into red top BD tubes and
allowed to clot at room temperature for thirty minutes. A portion of
the sample was also sent to the WRNMMC lab for clinical analysis
for the following tests: albumin, and liver function tests. Samples
were centrifuged at 1200xg for 20 minutes at room temperature.
Serum was collected and aliquoted into labelled tubes and stored
at -80 °C until further use.

Alkaline Phosphatase Enzymatic Activity Measurement

To determine ALP levels, the test was performed in the research lab,
by using a fluorescent-based method which utilizes ALP substrate
4-Methylumbelliferyl-phosphate (MUP) (Abcam, Cambridge, MA).
The MUP is specific to ALP and when cleaved, has a significantly
higher fluorescent emission at 420 nm (optimal excitation wavelength
of 360 nm) (Fig. 2). The fluorescent-based method was performed
due to fluorescence being a more sensitive and accurate method
compared to colorimetry. The assay requires three solutions: a
serum sample, buffer, and the alkaline phosphatase substrate MUP.
To perform the assay, 220 pl of buffer and 21 pl of diluted serum
were mixed (separate mixtures for each sample) and 100 pl of each
mixture was added to the wells in duplicate. After all of the sample
mixtures were added, a fluorescent mixture of MUP and the buffer
was created. For each well, 20 pl of 0.5 mM MUP was added with a
channel pipette. After MUP was added to the last buffer, the plate was

covered to block light from interfering with the fluorescent dye and
was placed on a shaker until the desired time point was reached (1
hour). The emission was measured at 420 nm (excitation of 360 nm).

ALP Activity Measurement Units (U)

To determine the optimal incubation time length and serum
concentration, two standard curves were performed. The first
standard curve involved changing the incubation time from zero
minutes to 1 hour. The second standard curve involved changing
the concentration of serum from a 1:12 dilution to a 1:1200 dilution.
Following the two standard curves, the most optimal incubation
time and concentration were determined by determining where the
data had the largest linear range. For time, the data had the largest
linear range near the 30-minute incubation time-point and for serum
concentration, the data had the largest linear range at a 1:48 total
dilution (2.5 pl serum within a 120 pl mixture of buffer and MUP).
The mathematical equation and other standard curve calculations
were followed according to manufacturer’s instruction.

Concentration (mU/mL) of ALP in the test samples was calculated
. B
as: ALP activity = o D ALP activity = equation. Where,

B = amount of MUP generated by samples (in nmol). V = volume
of sample added in the assay well (in mL). T = reaction time (in
minutes). D = Sample dilution factor.

Data Analysis and Statistical Values

To determine ALP levels, all 93 samples were tested simultaneously,
in duplicate, on two separate micro-assay plates. The procedure
followed the same steps as above, with the total sample dilution
as 1:48 and the incubation time as 30 minutes. Levels of ALP
were log2 transformed and Welch’s t-test was used to evaluate
the difference in the levels of ALP between the study groups. For
statistical significance, p<0.05 was used as significance cutoff. The
association between levels of ALP and test variables (age, BMI,
creatinine and eGFR) were computed using Pearson’s correlation
coefficient (r) and p<0.05 was used as significance cutoff. Dot-
plots in combination with linear model fit were used to generate
the correlation graphs. R-studio (R version 3.0.1) and GraphPad
Prism (version 7.05) were used to create visual graphics, co-relation
graphs (r- values), statistical values (p-values) and, Plot3D package
in R was used to generate the three-axis plot with variables eGFR,
ALP and creatinine.

It is important to mention that for group 4 individuals, there are
some clinical parameters such as creatinine level, ALT, AST etc., we
were unable to measure due to funding issues and/or IRB protocol
limitations.

Results

Activity of ALP Levels in Different Groups of the Patients
Group 1 included kidney transplant recipients who required a post-
transplant biopsy (due to kidney allograft dysfunction); Group 2
included patients with functionally stable kidney transplants; Group
3 comprised non-transplant patients with CKD and, Group 4 included
healthy controls as shown in Table 1a.

Table 1: (a) Age and gender distribution of study subjects in Groups
1 to 4. (b) The differential expression of Alkaline Phosphatase (ALP)
within different study groups and statistical values. Probabilities of
statistical significance (p-value) and log2 ALP values per group and
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gender. Probabilities of statistical significance between each group. (c) Probabilities of statistical significance between male and female
between each group. (d) Descriptive statistical values of clinical ALP, Creatinine, and calculated eGFR for Groups 1 to 3.

a. Groups: General Description Patients (n) M:F Avg Age AGE STDV
1 25 16:09 54.6 13
2 25 14:11 53.4 14.7
3 25 16:09 60.2 16.2
4 25 12:13 42 153
b. ALP: Multiple Group Comparison P-Values Gr P-values

1 .vs2. P=0.2314 2vs3 P=0.7027

1.vs3. P=0.1302 2vs4 P=0.0230

1 .vs 4. P=0.0026 3vs4 P=0.0567

¢. ALP: Group and Gender versus Group and P-Values

Gender

Male .vs Female P=0.143433

Group 1:Male .vs Group 1:Female P=0.690448

Group 2:Male .vs Group 2:Female P=0.580855

Group 3:Male .vs Group 3:Female P=0.076742

Group 4:Male .vs Group 4:Female P=0.337215

Group 1:Male .vs Group 2:Male P=0.347262

Group 1:Female .vs Group 2:Female P=0.556834

Group 3:Male .vs Group 4:Male P=0.003373

Group 3:Female .vs Group 4:Female P=0.765126

d. ALP and other clinical parameters Group 1 Group 2 Group 3

ALP value (U)

Median 105.3 87.98 85.33

Mean 113 94.58 91.56

Std. Deviation 48.02 33.88 33.8

Creatinine (mg/dL)

Median 1.84 1.22 2.99

Mean 2.6 1.4 3.8

Std. Deviation 2.172 0.5849 2.423

¢eGFR

Median 37.1 57.9 20.7

Mean 39.8 60.4 28.9

Std. Deviation 18.96 20.21 24.79

To determine self-fluorescence of the substrate, the fluorescent intensity (FI) was observed in the absence and the presence of ALP. In the
absence of ALP, fluorescence was approximately 6000 fluorescent intensity units (FIU); whereas, in the presence of ALP, fluorescence
was roughly 53,000 FIU - 8 to 9 fold increase (Fig 2b).
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Figure 2: Schematic diagram for the measurement of Alkaline Phosphatase (ALP) activity (fluorescence-based). (a) Fluorescent substrate
specific for ALP (b) Comparison of the fluorescent emission spectrum for buffer, substrate in buffer, and substrate in addition to enzyme
(serum containing ALP) in buffe.

Next, we determined the activity of ALP within the 4 groups. The overall and gender-wise difference in ALP level (in terms of FI),
irrespective of study groups as well as within study groups was also assessed. The density plot was presented to display the distribution
of the levels of ALP in the study groups and is represented in Fig 3a. The findings indicated that data-points distribution between the ALP
level (X-axis, Fig 3a) versus density were highly heterogeneous (bandwidth = 0.2). The density distribution graph of ALP levels (Fig.
3a) demonstrated where each group lay in comparison to the other groups in terms of samples above or below the overall distribution of
values. Considering the differences in total samples per group, Group 1 appeared to be the most frequent group on the right side of the
distribution (6 samples). Group 3 being the second most common group on the right side of the distribution (5 samples), followed by
groups 2 and 4 (3 and 2, respectively). On the left side of the distribution, groups 2 and 4 were the most common (3 from both groups),
followed by groups 1 and 3 as the least common (2 from both groups).

The distribution of ALP appeared higher in post-transplantation patients who required a kidney biopsy for cause compared to post-
transplantation patients who did not require a biopsy, patients with CKD, and control individuals. The data indicated that the overall
ALP level was about 20% higher in Group | patients compared to Group 2 patients (Fig 3b). Next, we compared the level of ALP within
different groups of the patients. Box-plots were used to represent these data and are shown in Fig 3 b-c. The median (IQR) values and
the statistical analysis values (p-values) of the ALP within the study groups and the test statistics are listed in Table 2. Data indicated
that the level of ALP was highest for Group 1 and the lowest for the Group 4 (healthy individuals). There also appeared to be relatively
little difference in ALP between males and females per each group, and the data also indicated that the serum level of ALP was lower in
female patients (Fig 3c).
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Figure 3: Density distribution of log2 Alkaline Phosphatase (ALP) values per individual and group. Distribution of serum ALP levels
per group and gender. (b) Distribution of serum ALP per group. (c) Distribution of ALP in terms of the gender within differing groups.
Overall distribution of serum ALP in males versus females. (d) The quantitative ALP level presented by Box & Whiskers plot showing
the Median and 95% Confidence Interval for Groups 1 to 4 serum ALP data comparing gender. (¢) Box & Whiskers plot showing the
levels of ALP (Groups 1 to 4) and other liver function associated markers, Alanine Transaminase (ALT) and Aspartate Transaminase

(AST), in the three different groups (Groups 1 to 3).

Correlations between ALP and Other Clinical Parameters
Associated With Kidney Function

Association between levels of ALP and clinically important test
variables (age, BMI, creatinine and eGFR) were computed using
Pearson’s correlation coefficient (r). The values of ALP, creatinine, and
eGFR were presented in Table 1d. The correlation between age and
BMI with ALP levels was determined as well (Table 2b). Age appears
to have a slightly positive correlation with ALP (r=0.179), with men
having a stronger age-ALP correlation than women (r=0.224 versus
r=0.038, respectively). BMI also has a slightly positive correlation
with ALP (r=0.236), with women having a stronger BMI — ALP
correlation than men (r=0.322 versus 1=0.063, respectively).

The correlation between eGFR and creatinine with ALP was
determined (Table 2b). The calculations were performed within
the first three patient groups, i.e. Group 1, Group 2 and Group 3,
which all have certain levels of kidney dysfunction. Serum alkaline
phopshatase levels appeared to be relatively independent of eGFR
and creatinine. The only slightly negative correlation appeared
between the female eGFR and ALP (r=-0.127); however, the overall
correlation between eGFR and ALP was relatively low (r=-0.060).
As expected, a strong correlation was observed between eGFR
and creatinine (r=-0.76). All probable correlation combinations
between different clinical parameters were presented in Table 2b.

Data indicated that correlation values were very low between ALP
and eGFR, BMI, creatinine or age. The low correlation indicated
ALP as an independent parameter, meaning that ALP is relatively
unaffected by other individual-level variables such as age, gender,
and BMI, which often influence the two tested parameters, creatinine
and eGFR. This suggests that ALP alone could potentially predict
the probable status of the kidney of interest.

Clinical Values of Different Liver Function Markers

Next, we have plotted (Fig. 3¢) the values of liver function markers
corresponding to different groups of patients. It is important to note
that the clinical lab values of different liver function parameters only
available for first three groups (Group 1, 2 and 3), whereas, the values
for healthy individuals were missing (Group 4). The enzymatic
activity values of ALP derived in this study were plotted in Fig 3d.
The fluorescence based ALP activity calculation indicated that the
Group 1 patients (patients with transplanted kidneys undergone
kidney biopsy) having about 25% increase in activity compared
with the Group 2 patients. The corresponding alanine transferase
(ALT) and aspartate transferase (AST) liver function markers were
also plotted in the same patient population (Fig.3e). The values of
different markers associated with liver function were presented in
the Table 2a. The data indicated that the bilirubin and AST has a
higher values for the Group 1 patients.
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Table 2: (a) The levels of different liver function related enzymatic markers. Table of Means and Standard deviations for Groups 1-3. Clinical
Tests: Albumin, Aspartate Transaminase (AST), Alanine Transaminase (ALT), Bilirubin, Bilirubin Direct (bound with serum Albumin),
and Total Protein. (b) The correlation coefficients (r-value) between ALP and different parameters of kidney function. Correlation table
of ALP, Age, eGFR (estimated Glomerular Filtration Rate), BMI (Body Mass Index), and Creatinine. (c) Correlation values of Alkaline
Phosphatase (ALP) and other liver function tests-Aspartate Transaminase (AST), Alanine Transaminase (ALT), Bilirubin Direct (bound
with serum Albumin), and Total Protein.

a. Clinical Biomarker Group 1 Group 2 Group 3

Albumin (g/dL) 4.238 +0.05 4.121 £ 0.07 3.932+0.09

AST (IU/L) 18.38 £1.90 1771 £ 1.14 18.53 +£1.86

ALT (IU/L) 23.38 +£5.21 23.42+2.33 17.63 £1.79

Bilirubin (mg/dL) 0.42 +0.04 0.37+0.03 0.35+0.04

Bilirubin Direct (mg/dL) 0.20 + 0.004 0.20 +0.001 0.19 +0.005

Total Protein (g/dL) 6.7+0.12 6.6+0.12 6.6+0.16

b. Correlation (Kidney Functions) ALP Age eGFR BMI Creatinine

ALP 0.179 -0.06 0.236 0.044

Age 0.179 -0.281 0.036 0.191

eGFR -0.06 -0.281 -0.11 -0.776

BMI 0.236 0.036 -0.112 0.051

Creatinine 0.044 0.191 -0.776 0.051

¢. Correlation (Liver Functions) Albumin ALP AST ALT Total Protein | Bilirub Direct
Albumin 0.35 0.308 0.394 0.783 -0.666
ALP 0.35 0.213 0.165 0.276 -0.296
AST 0.308 0.213 0.792 0.432 -0.338
ALT 0.394 0.165 0.792 0.629 -0.694
Total Protein 0.783 0.276 0.432 0.629 -0.824
Bilirubin Direct -0.666 -0.296 -0.338 -0.69 -0.824

Cross-Talk between Kidney Allograft Dysfunction with ALP and Other Liver Function Markers

Although the main biomarker being examined is ALP, several other liver function test associated markers were evaluated and compared
with ALP as a biomarker for kidney health. We hypothesized that the success of the kidney allograft also depends on liver function. ALP
secreted from both liver and kidney, may play a critical role in determining the success of kidney transplantation. ALP is known to play
role in heart transplantation failure 28. Liver function test biomarkers consisted of ALP, albumin, alanine-transaminase (ALT), aspartate
transaminase (AST), and bilirubin (Table 2a). In addition, estimated eGFR and creatinine of each patient was also utilized in determining a
biomarker for kidney health or kidney allograft rejection. The three dimensional (3D) data representation of eGFR (X-axis), ALP (Y-axis),
and creatinine (Z-axis) in Fig.4. Data indicated that a heterogeneous distribution of the patient clusters which eventually represented a
low correlation between these three parameters.

Overall
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Figure 4: 3D correlation with estimated Glomerular Filtration Rate (¢eGFR), Creatinine, and Alkaline Phosphatase (ALP). Variation of
ALP in terms of Creatinine and estimated eGFR.
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The correlation between the clinically tested levels of common liver function test proteins were calculated and examined in order to
determine any relationship between the differing biomarkers (Table 2c). Total protein and direct bilirubin has the highest correlation
value (r=-0.824), followed by albumin and total protein correlation (r=0.783), followed by total protein and ALT (r=0.629), and then
correlation between AST and total protein (r=0.432). However, with ALP and bilirubin direct had relatively strong negative correlation
(r=-0.3), aspartate-transferase (r=0.213). The data indicated that the overall correlation coefficient values showed higher in between
liver function markers including ALP within the kidney dysfunction study groups (Group 1, Group 2, and Group 3). It is important to
mention that the within these three same study groups, the overall correlation values were comparatively low between kidney function
markers and ALP (Table 2c).

Prediction of kidney transplant rejection with ALP, ALT, AST and other clinical values

Next, we compared our data with clinical outcomes related to rejection findings based on the allograft biopsy results and Group-1 and
Group-2 individual patient data (Table 3). Rejection patients had lower ALP values (fluorescence intensities) when compared to the non-
rejected (according to biopsy data; 20% lower ALP values in rejected patients) kidneys in the Group-1 patients. However, overall ALP
values were higher (for both rejected, 10% elevated or non-rejected 40% higher) than in the Group-2 patients (Table 3, Median values). It
is important to mention that the kidney rejected patients (n=6, based on biopsy report) have higher eGFR values (47.25) and low creatinine
values (1.60) compared to its non-rejected kidneys in the same Group-1 patients (¢GFR =37.1 and Creatinine =2.11). The eGFR and
creatinine are the most acceptable kidney functionality markers, whereby, higher eGFR values are linked to healthy kidney, and creatinine
values are inversely proportional to the healthy kidney. In contrast, the liver functions markers ALT (60%) and AST (40%) are higher
in kidney rejected patients compared to the non-rejected patients in the same group (Group-1). These data indicated that the ALP along
with level of liver function enzymes (ALT and AST) are better predictive markers in patients with kidney transplant rejection. It is also
important to mention that the expression of ALT in different human tissues is more liver/kidney specific compared to ALP or AST in Fig 1.

Figure 4: correlation with estimated Glomerular Filtration Rate (¢GFR), Creatinine, and Alkaline Phosphatase (ALP). Variation of ALP
in terms of Creatinine and estimated eGFR.

ID# _Gr SEX Age Race BMI ALP (FI) ALT AST ¢GFR DM Crt BX
(Y/N) Rejection
991 1 M 45 B 29 621 133 53 71.5 N 1.37 [&1I
7421 F 56 B 33 239.5 13 28 355 N 1.83 1I
130 1 F 53 B 36 530.5 18 19 59 Y 1.25 1I
572 1 F 24 B 35 680 37 14 13.7 N 4.78 II
907_1 M 61 W 35 617.5 10 11 342 Y 2.04 1I
881 1 F 61 B 29 600.5 54 27 63.3 N 1.09 I
Gr_1 2M:4 F 54.5 5B:1W 34 609 27.5 23.0 47.25 1:05 1.60 Rejection
n=6
Gr_1 14M: 56.0 13B: 32 773.5 17 15.0 37.1 6Y: 2.11 Normal
n=19 SF 4W:2 H 13N
Gr_2 15M: 56 14B: 30 550 20 16.5 57.3 10Y: 1.27 Stable
n=25 10F TW:4 H 15N Transpt.
Discussion calcification [19, 31-33]. In support of this hypothesis, in a previous

Previous studies have suggested that ALP is associated with all-cause
mortality and vascular calcification in CKD and ESRD [20-25, 29,
30]. High pre-ESRD ALP levels were independently associated
with higher post-ESRD mortality risk [30], as well as post renal
transplant all-cause cardiovascular death [25]. In the present study,
we examined the relationship between ALP and kidney allograft
dysfunction in transplant patients who required a kidney biopsy,
stable transplant patients, non-transplant CKD patients, and control
individuals. Our data supported prior-studies that described the
correlation of high ALP levels with poor kidney health. The data
presented herein also suggests that ALP could be a prognostic
biomarker for kidney allograft rejection.

In addition to being a prognostic biomarker for kidney allograft
rejection, ALP may also be a contributing factor to kidney failure,
cardiovascular-related diseases and mortality [13, 17, 18]. In the
blood, tissue-nonspecific ALP hydrolyzes pyrophosphate, an
inhibitor of calcification, which in turn leads to excessive vascular

study, after examining biomarkers of nutrition, inflammation,
and bone and mineral disorders, high ALP was shown to be
independently associated with coronary artery calcification (CAC)
in maintenance hemodialysis (MHD) patients [24]. Furthermore,
vascular calcification has been shown to be a pivotal component
in cardiovascular-related diseases in patients suffering from CKD
[33]. Over the course of 24 months, over half of patients with
stage 4 or 5 CKD saw rapid progression of vascular which was
associated with an incremental increase in arterial stiffness [30].
Interestingly, out of the 134 patients from the study, 20 out of 21
who died had vascular calcification, which stresses the importance
of the relationship between ALP and vascular calcification in patients
suffering from CKD [34, 35]. It is possible and some data suggested
that kidney allograft rejection is associated with calcification [36-38],
which is probably regulated by this elevated level of ALP. Moreover,
increased ALP have also been associated with inflammation in
CKD through a correlation with C-reactive protein, which could
also contribute to ALP’s role in kidney health deterioration [39].
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One theory for the origin of the increased ALP postulates that
vascular smooth muscle (VSMC) cells may be transformed into
osteoblastic cells, which then produce and secrete ALP in the blood
[17]. While the theory of VSMC transformation into osteoblasts may
not be accurate, later research has demonstrated that VSMC Trans-
differentiate into calcifying vascular smooth muscle cells (C-VSMCs)
under osteoblastic-stimuli [31]. C-VSMCs cells were shown to keep
their identity as VSMC while simultaneously mimicking the same
mechanisms that osteoblasts use to bio-mineralize, thus giving
C-VSMCs the ability to cause vascular calcification [31]. The
data from this current study demonstrated that liver function may
be playing a role in kidney rejection occurrence. In the Group-1
patients, where the biopsies were performed, patients with allograft
dysfunction (n=6), had higher level ALT and AST values compared
to negative outcome patients (Table 3). However, ALP values
were low for positive biopsy outcomes. Allograft dysfunction may
inhibit kidney associated ALP secretion. ALP secretion is strongly
associated with age. The average age of the rejected patients in
this study is less than that non-rejected patients of same Group-1.

Our pilot-study has some limitations; small sample size (n=100)
and the lack of frequent, long-term blood draws. Almost all patients
with allograft rejection in this study had antibody-mediated rejection
(n=5). Additional larger studies will be needed to better characterize
these findings, however, our results provide evidence that ALP and
liver function may play a role in the diagnosis of kidney allograft
dysfunction and possibly rejection as well. Lastly, the patients are
prescribed immunosuppressive agents which may increase their
susceptibility to infections or increase their liver activity.

Conclusions

The liver ALP and other liver function enzymes are elevated in
many different organ transplant rejections and/or failure. However,
there is limited data available for ALP with regards to the kidney
transplant rejection. In this current study, we sequentially and
logically designed the study and measured the ALP and other liver
function activities and correlated with different kidney function
parameters. The findings indicated that ALP might be a putative
biomarker to predict kidney allograft dysfunction and eventual
rejection. Data also showed that liver function parameters play an
essential role in the overall success of kidney transplantation.
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