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Background and Aim: Type 2 diabetes mellitus (DM) is the most common single cause of the
end-stage renal disease (ESRD). Cyclophilin A (CyPA) is an 18-kD protein. The connection
between diabetic nephropathy (DN) and the secreted form of CyPA (sCyPA) has been elucidated
in this study that aims to investigate sCyPA correlation with renal dysfunction.

Materials and Methods: Thirty-four male adult Wistar rats weighing 180-220 g were
used. Animals were divided into a study group and a control group, 17 rats in each.
Streptozotocin (STZ) and nicotine amide were used to damage some pancreatic cells for
induction of type 2 DM. Comparison was made between the study and the control groups.
Moreover, a comparison was made between the members of the study group before and after
induction of DN.

Results: The rat model that exhibited a higher concentration of urinary sCyPA was detected
early in the eighth week. There was a significantly higher level of 24-h urinary CyPA in the
study group compared to the control group (p-value=0.004) and there was a significant
elevation in the 24-h urinary Cyp-A in the study group after injection of STZ compared to
the values before injection (p-value <0.001). Immunohistochemical analysis of renal tissue
revealed that the mean expression of CyPA was higher in the study group than in the control
group. For the urinary 24-h CYP-A, using a cutoff of 1.15 ng/mL, the accuracy was 72.4%,
sensitivity was (77.8%) and specificity was (67%).

Conclusion: According to this animal study, we proved that CyPA is a valuable marker for
DN. It is a more sensitive, noninvasive and rapid biomarker for early detection of any renal
affection in human diabetic patients.

Keywords: cyclophilin A, hyperglycemia, type 2 diabetes, diabetic nephropathy early

detection, albuminuria

Introduction
Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action, or both. The chronic hyperglycemia
of diabetes is associated with long-term damage, dysfunction, and failure of
different organs, especially the eyes, kidneys, nerves, heart, and blood vessels.!
Type 2 diabetes mellitus (DM) is the most common cause of the end-stage renal
disease.”
Diabetic nephropathy (DN) is a kidney disease characterized by persistent
albuminuria due to kidney injury that is caused by prolonged exposure to hyper-

glycemia and exacerbated by hypertension. Diagnosis relies on urinary albumin to
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creatinine ratio of 30 mg/g or higher and GFR of less than
60 mL/min/1.73 m* (which can occur with normal urinary
albumin excretion).®

The Joint Committee of Diabetic Nephropathy is trying
to develop a new classification of dDN combining both
glomerular filtration rate and albuminuria systems.* There
are several markers to predict the onset and progression of
DN. Albuminuria is the most commonly used marker.
However, it lacks both sensitivity and specificity to detect
the early stage of DN.°

ESRD in almost half the patients is due to DN, and these
cases have the worst outcome compared to patients with
other causes of ESRD. Although there are many novel
drugs for DM, there are no specific curative treatments yet
for DN. Reasons for a poor outcome include inadequate
markers and the complicated mechanisms of DN.

Different markers of DN were reviewed,’® including
fibroblast growth factor’ tubular markers'® (kidney injury
molecule 1; neutrophil gelatinase-associated lipocalin; and
liver type fatty acid-binding protein, L-FABP),"" inflam-
matory markers (interleukin 6, IL-6; IL-8; monocyte che-
moattractant and

protein 1 interfering—inducible

protein),'*  urinary  8-hydroxy-20-deoxyguanosine,'’
serum cystatin C'* and so on. Among these, genetic sus-
ceptibility almost always leads to irreversible DN, and
detection of the clinical markers mostly occurs too late
to diagnose and monitor the progression of DN.
Cyclophilins (CyPs) comprise the family of peptidyl-pro-
lyl isomerases (PPlases), which were ubiquitously expressed
in every prokaryotic as well as eukaryotic cells.'> Cyclophilin
A (CyPA) is a ubiquitous immunophilin that physiologically

16,17 and

regulates protein folding, trafficking, and interaction
is localized in every major cellular compartment.'® All the
members of this family have a common conserved domain of
peptidyl-prolyl cis-trans isomerases bordered by a unique
domain, which functionally sequesters each member.'” The
PPIase is an enzymatic process involved in the interconversion
between the cis and trans isomers of the N-terminal amide

bond of the amino acid proline,'”°

which particularly induces
the folding process of proteins.*!

The kidney contains a relatively high level of CyPA in
its cells,”* which is highly expressed in proximal tubular
epithelial cells (PTECs) relative to other kidney cells.”
The study by Tasi et al was the first to demonstrate the
relationship between CyPA and pathogenesis of DN.**

1** showed that the CyPA was detectable in

patients with stage 2 DN, with high sensitivity and speci-

Tsai et a

ficity, and the level increased as DN progressed.

Furthermore, high glucose treatment increased sCyPA
expression in cultured mesangial cells and PTECs.

sCyPA was also detected in diabetic patient's plasma® and
was shown to be secreted by monocytes in response to
hyperglycemia,”® indicating that sCyPA could be a potential
secretory marker in type 2 DM. Furthermore, a relatively high
expression level of CyPA in normal kidneys® has led to the
speculation that sCyPA may be associated with solid organ
damage. As a product directly produced by kidney, urine could
be a good measure for renal injury detection. Therefore, we
postulated that CyPA level in urine would be the most suitable
indicator of DN so we validated the urinary level of (CyPA) of
diabetic rats as an early noninvasive detector of renal
impairment.

Research Approach and
Methodology

Animals

Male adult Wistar rats weighing 180-220 g, obtained from
the animal house of the faculty of Medicine, Aswan
University were used in all experiments. These animals
are used after one week of proper acclimatization to the
animal house conditions (12-h light/dark cycle) at 25°C
temperature. The rats are housed in stainless steel cages,
four-to-five per cage and allowed free access to standard
rodent food and water. The experiments were carried out
according to the protocol approved by the Ethics
Committee of the University in accordance with the ethical
guidelines for pain research in conscious animals.?’

Eight out of the 48 rats died, some of them died
accidentally without any cause and others due to compli-
cation of diabetes and some due to very hot weather
although air conditioning was provided, and six rats were
excluded from the experiment because they had returned
to normal blood glucose level. So only 34 out of 48 rats
were suitable for the experiment.

Experimental Protocol
1) Experimental Induction of Diabetic Nephropathy:

1. Type II diabetes is induced in overnight fasted rats
by an intraperitoneal injection (i.p.) of 110 mg/kg
nicotinamide (NA) followed after 15 min by i.p.
injection of 60 mg/kg freshly prepared streptozoto-
cin (STZ).*® STZ dissolved in 0.1 M citrate buffer
(pH:4.5).29’3° The STZ-NA treated animals are
allowed to drink 5% glucose solution instead of
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drinking water for the first 72 h after NA-STZ

challenge to overcome initial hypoglycemia
induced by STZ. Blood-glucose level (nonfasting)
was determined at 72 h post-STZ injection, through
tail snipping®' using Accu-Chek Sensor Comfort
(Roche Diagnostics, Berlin, Germany).

2. Hyperglycemia is confirmed by elevated blood glu-
cose levels at 72 h, on the seventh day and every
four weeks after NA-STZ injection. Rats with fast-
ing blood glucose level above 200 mg/dL after 72 h
and on the seventh day after treatment are consid-
ered diabetic and used for diabetic nephropathy
study.”® After eight weeks, the blood and urine
samples from these rats were tested for hyperglyce-
mia and proteinuria. The urine protein was esti-
mated by the biuret method using a commercial
kit.>* Rats with hyperglycemia <200 mg/dL and
proteinuria at the end of eight weeks post-NA-

STZ injection are selected for DN studies.

Experimental Design
Animals are divided into two groups, 17 rats in each.

Group 1: Nondiabetic control rats receiving citrate
buffer and saline only.

Group 2: Diabetic rats injected with NA-STZ.

Blood and urine samples were collected from all the rats
of the study and control groups at the beginning and the end
of the experiment. A comparison was made between the
study and control groups, and another comparison between
the rats of the study group before and after NA-STZ injection
for induction of DN. All the rats are placed in metabolic
cages for 24-h urine collection before their sacrifice.

Biochemical Measurements

Twenty-four-hour urinary sCyPA (ng/mL): The amount of
daily urine was collected from the metabolic cage on three
successive days and the average volume was used. We
used the rat CyPA ELISA Kit Glory Science Co., Ltd,
CATALOG #:30,674 for determining sCyPA. All data of
urinary CyPA were double-checked at least twice. Urine
was immediately stored in an ice package within four
hours and then restocked under —80°C until analysis.

e Blood samples were collected for biochemical mea-
surements from the orbital sinus of veins of the over-
night fasted rats before the experiment. At the end of
the experimental duration, the overnight fasted rats
are sacrificed by decapitation. Blood and kidney

tissues were obtained from each rat for biochemical
measurements, histopathology and immunohisto-
chemistry. After centrifugation of blood samples for
10 min, the serum was collected for estimating the
level of urea and creatinine (ie, kidney function
tests). The serum samples could be used directly or
stored at —20°C until assay.

e Serum creatinine mg/dL level was estimated by the
standard alkaline-picrate method using a commer-
cially available creatinine estimation kit.

e The serum level of urea mg/dL. was measured by the
urease-colorimetric method using a commercially avail-
able kit according to the manufacturer’s instructions.

e Twenty-four-hour urinary creatinine (mg/kg/24 h) level
and microalbumin (mg/24 h) were collected for the A/C
ratio (mg albumin/g creatinine). All biochemical tests
were performed by Chem-7 Erba Diagnostics, Germany.

e We confirmed the occurrence of DN on the diabetic
group (after induction of diabetes type 2 after two
months) by spectrophotometer using 24-hurinary pro-
tein sample and a micrototal protein biochemical kit.
We also also conducted a histopathological microscopic
examination of the affected rats We confirmed the
nephropathy by renal tissue pathological changes and
then selected the best results for immunohistochemical
analysis for expression of the intended marker.

Histopathology

Renal tissue samples were dissected from both kidneys.
There was no difference in weight or size of both kidneys
fixed in 10% neutral buffered formalin for 72 h. Samples
were trimmed and processed by dehydration in serial grades
of ethanol, cleared in xylene, tissue infiltration and embedded
in Paraplast tissue embedding media. Then 4uN thick tissue
sections were cut by a rotatory microtome.

The sections were stained with:-

1. Harris' H&E as a general tissue examination stain-
ing method

2. Periodic acid and Schiff (PAS) technique for
demonstration of glomerular basement membranes
according to Bancroft and Stevens.>

Cyclophilin A Immunohistochemical
Staining

Depraffinized five-micron thick tissue sections were pre-
pared, treated by 3% hydrogen peroxide for 20 min,
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washed with PBS and then incubated with anti-CyPA
according to manufacturer’s guide by using anti-CyPA
rabbit polyclonal antibody (NBP1-30,993) Novus
Biologicals Co. (1:100) for 30 min. Then the tissue sec-
tions were washed with PBS followed by incubation with
secondary antibody HRP Envision kit (DAKO) for 20 min
and washed with PBS then incubated with diaminobenzi-
dine (DAB) for 10 minutes. The tissue sections were
washed with PBS then counterstained with hematoxylin,
dehydrated and cleared in xylene then cover slipped for
microscopic analysis.

Microscopic Analysis

Seven random nonoverlapping fields per tissue section per
sample were selected for determination of glomerular
basement membrane thickness in PAS stained tissue sec-
tions and immune expression percentage of CyPA in
immunostained tissue sections. All data and micrographs
were obtained by using full HD microscopic camera oper-
ated by the Leica application module for tissue sections
analysis (Leica Microsystems GmbH, Wetzlar, Germany).

Statistical Methods

Statistical analysis was carried out using IBM-SPSS®
Statistics version 22 (IBM Corp., Armonk, NY, USA).
Numerical data were expressed as means and standard
deviations or medians and ranges as appropriate. Data
were tested for normality using the Kolmogorov—Smirnov
test/Shapiro—Wilk test. For non-normally distributed quanti-
tative data, a comparison between the study and control
groups was conducted using the Mann—Whitney test (non-
parametric #-test). Wilcoxon-signed ranks test was used to
compare two consecutive measures of numerical variables.
Due to multiple comparisons, the p-value was corrected
using the Bonferroni method. Spearman-rho method was
used to test the correlation between numerical variables.
The receiver operating characteristic (ROC) curve was
used for determining the area under the curve (AUC) and
the prediction of the cutoff values. All tests were two-tailed.
A p-value of <0.05 was considered significant.

Results

The current study is a case—control one, including two
groups, a diabetic (study group) and a healthy (control
group). The study group included 17 rats injected with
single dose of STZ following nicotinamide for induction
of type 2 diabetes and the control group (n=17) received a
and saline. All

single injection of citrate buffer

biochemical parameters in the control group were mea-
sured before and after injection of saline and all were
within the normal range and did not show any statistical
difference.

Table 1 showed the biochemical parameters (urine
creatinine mg/kg/24 h, 24 h protein mg/24 h, A:C ratio
(mg albumin/g creatinine), S Cr mg/dL, S urea mg/dL, 24-
h urinary CyPA ng/mL, blood glucose mg/dl, U volume
mL/24hour and weight/gm.), differences in the study vs
the control group. There was statistically significant dif-
ference in the levels of urine creatinine, 24-h protein, A:C
ratio, serum creatinine, 24-h urinary CYP-A and blood
glucose between groups. However, there was a nonsigni-
ficant difference between the study and control groups
concerning the serum urea.

In other words, the mean level of urine creatinine
significantly decreased in the study group after the induc-
tion of diabetes compared to the control group (13.3+10.0
vs 34.7+43.7) with p-value 0.045. In addition, 24-h urine
protein was significantly higher in the study group after
the induction of diabetes compared to the control group
(52.8£16.7 vs 21.9+11.3) with p-value of >0.001. The
mean level of A:C ratio as significantly higher in the
study group than the control group (6.4+1.1 vs.1.5£0.4)
with p-value of >0.001. The mean level of serum creati-
nine was significantly higher in the study group after the
induction of diabetes compared to the control group (0.6
+0.1 vs 0.7+0.2) with p-value =0.032.

Moreover, there was a significantly higher level of 24-h
urinary CyPA in the study group compared to the control
group (2.1£0.6 vs 1.440.5) with p-value=0.004 (Figure 1).
Likewise, the level of blood glucose was significantly
higher in the study group compared to the control group
(469.5£102.3 vs 151.8+£21.8) with a p-value <0.001.

Concerning the comparison between the two groups in
the urine volume and weight, there was a significantly
higher urine volume/24 h in the study group compared to
the control group (45.6+11.2 vs 9.5£1.5) with a p-value
<0.001. In addition, there was a significantly lower weight
in the study group compared to the control group (170.5
+16.7 vs 303.5+14.3) with a p-value <0.001.

Table 2 illustrated the comparison between the study
group before and after the injection of STZ/nicotinamide
where the values before injection act as reference values
for each rat.

Regarding the biochemical parameters of (urine creati-
nine mg/kg/24 h, 24 h protein mg/24 h A:C ratio (mg
albumin/g creatinine), S Cr mg/dL, S urea mg/dL, 24 h
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Table | Biochemical Parameters in the Study and Control 25
Groups After Injection Readings ' p=0.004
Parameter Study Group | Control p- 3.07
(n=17) Group (n=17) | value E
> 55
0 25
Urine creatinine (mg/ 0.045 5 -1
kg/24 h). £ 50
® Mean SD 13.3£10.0 3474437 :
® Median (range) 10 (5-40) 15 (5-140) 2 157
< R
N
24-h protein (mg/24 h). <0.001 10
® Mean SD 52.8%16.7 21.9+11.3 B ——
® Median (range) 23 (2-60) 19 (4-39) 5
T T
A:C ratio (mg <0.001 Study group Control group
albumin:g creatinine)
® Mean SD 6.4+1.1 1.5+0.4 Figure | Median Urinary CyPA Comparison between Groups.
® Median (range) 2 (0.2-4.5) 1 (0.1-6)
Serum creatinine 0.031 of STZ compared to the levels before injection (0.6+0.1 vs
(mg/dL) 0.7+0.2) with a p-value=0.032. There was also a signifi-
® Mean SD 0.7+0.2 0.6+0.2 lovation in the 24-h ur CVPA in th i
o Median (range) 0.7 (0.5-1) 06 (0.3-09) cant elevation in the 24-h urinary CyPA in the study group
after injection of STZ compared to the values before
Serum urea (mg/dL) 0.864 T .
1.1+0. 2.1£0. h -value <0.001
o Mean SD 559423.0 505413.6 1n]iect10n (1.1£0.3 vs 0.6) with a p V'a ue <0.00
e Median (range) 53 (19-125) 49 (19-85) (Figure 2). In the same way, there was a significant eleva-
tion in the blood glucose level in the study group after
24-h urinary CyPA 0.004 L
(ng/ml) injection of STZ compared to the values before (137.4
® Mean SD 21+ 06 1.4+ 05 +19.7 vs 469.5+102.3) with a p-value <0.001.
® Median (range) 2 (1.3-3.2) 1.5 (0.8-2.3) Likewise, there was a significant increase in urine
Blood glucose (mg/dL) 0,001 volume/24 h in the study group after injection of STZ
® Mean SD 469.5+102.3 151.8421.8 compared with the same group before injection (45.6
® Median (range) 431 (290-600) | 154 (91-177) +11.2 vs 6.1+2.2) with a p-value <0.001. Moreover, there
Urine volume (mL/24 h) <0.001 was a significant decrease in weight in grams of the study
® Mean SD 45.6+11.2 9.5£1.5 group after the injection of STZ compared with the same
¢ Median (range) 465 (25-66) | 95 (7-12) group before injection (290.3+41.3 vs 170.5+16.7) with a
® Weight (g) <0.001 p-value <0.001.
® Mean SD 170.5¢16.7 303.5¢14.3 Histopathological examination of renal tissue from
® Median (IQR) 170 (29) 300 (54) both control and diabetic group was performed as illu-

Note: Data are presented as mean *SD and median (range).
Abbreviation: CyPA, cyclophilin A.

urinary CyPA ng/mL, blood glucose mg/dL, U volume mL/
24 h and weight/g), there was a significantly higher differ-
ence in 24-h urinary protein in the study group after injection
compared to the values before injection (52.8+£16.7 vs 23.8
+15.4) with a p-value=0.001. Moreover, there was a signifi-
cant difference regarding the comparison between A:C ratios
in the same study group before and after injection of STZ
(1.13£0.2 vs 6.44+1.1) with a p-value=0.001.

Furthermore there was a significant difference in the
level of serum creatinine in the study group after injection

strated in (Figure 3A and B) then PSA (Figure 4Aand B)
and antigen detection via immunohistochemistry were per-
formed (Figure 5A and B) to show the degree of CyPA
expression and its correlation with histopathological affec-
tion of the kidney.

Table 3 demonstrated the basement membrane thickness
and mean expression of cyclophilin in the study group
compared with the control group. In the current study, we
found that the basement membrane was thicker in the study
group compared with the control one (3.7+0.7 vs 1.6+0.5,
p=0.001) (Figure 4). Likewise, the mean expression of
CyPA was higher in the study group than in that of the
control one (40.8+3.0 vs 2.1+0.8, p >0.001) (Figure 5).
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Table 2 Comparison Between Study Group Before and After the
Injection of STZ/Nicotinamide According to Biochemical Parameters

Study Group p-value
Before After (n=17)
(n=17)
Urine creatinine (mg/ 0.076
kg/24 h).
® Mean SD 24.7£10.5 13.3£10.0
® Median (Range) 22.5 (10-50) 10 (5-40)
24-h protein (mg/24 0.001
hour).
® Mean SD 23.8+154 52.8%16.7
® Median (range) Il (9-46) 23 (2-60)
A:C ratio (mg 0.001
albumin:g creatinine)
® Mean SD .13 £0.2 64+ |.1
® Median (range) 1 (0.2-6.5) 2 (0.24.5)
Serum creatinine (mg/ 0.032
dL)
® Mean SD 0.60.1 0.7+0.2
® Median (range) 0.6 (0.5-0.7) 0.7 (0.5-1)
Serum urea (mg/dL) 0.148
® Mean SD 39.5£11.7 55.2423.0
® Median (range) 42 (15-60) 53 (19-125)
24-h urinary CyPA >0.001
(ng/mL).
® Mean SD 1.1+0.3 2.1£0.6
® Median (range) 1 (0.7-1.7) 2 (1.3-32)
Blood glucose (mg/ >0.001
dL)
® Mean SD 137.4£19.7 469.5+102.3
® Median (range) 135 (99-170) | 431 (290-600)
Urine volume (mL/24 <0.001
h)
® Mean SD 6.1£2.2 45.611.2
® Median (range) 5.8 (3-10) 46.5 (25-66)
Weight (g) <0.001
® Mean SD 290.3+41.3 170.5x16.7
® Median (range) 285 (240-410) | 170 (140-200)

Note: Data are presented as mean +SD and median (range).
Abbreviations: STZ, streptozotocin; CyPA, cyclophilin A.

Diagnostic performance criteria of the renal and urin-
ary biomarkers for prediction of positive cases were illu-
strated in Table 4, the findings showed that AUC for
kidney CyPA% was perfect (1.000; 95%CI: 1.000-1.000,
p=0.002). Likewise, AUC for urinary 24-h CyP-A% was

p<0.001

N
o
1

24 hour CYPA (ng/ml)

57

T T
Before injection After injection

Figure 2 Twenty-four-hour CyPA in the study group after injection and control
group.

very high (0.778; 95%CI: 0.619—-0.937, p=0.005). Besides,
for BM thickness it was perfect (1.000; 95%CI: 1.000—
1.000, p=0.002).

For the kidney CyPA%, using a cutoff of 19.5%, the
accuracy was 100%, sensitivity was 100% and specificity
was 100%. In addition, the positive predictive value (PPV)
was 100% and negative predictive value (NPV) was 100%.

For the 24-h urinary CyPA; using a cutoff of 1.15 ng/
mL, the accuracy was 72.4%, a sensitivity was 77.8% and
specificity was 67%. The, PPV was 70% and NPV was
75% (Figure 6).

Concerning the BM thickness, using a cutoff of 2.5
mm, the accuracy was 100%, sensitivity was 100% and
specificity; was 100%. The PPV was 100% and NPV
was 100%.

Table 5 illustrates the univariate correlation between
urinary CyPA and the other variables. There was a significant
positive moderate to high moderate correlation between
CyPA and 24-h protein (tho=0.456, p=0.043), A:C ratio
(tho=0.426, p=0.011), blood glucose (rho=0.445, p=0.007),
urine volume (rho=0.565, p=<0.001).

Conversely, there was a significant negative moderate
to high moderate correlation between CyPA and weight
(rho= —0.544, p=0.001).

Table 6 showed the multivariate linear regression ana-
lysis of the significant factors affecting 24-h urinary CyP-
A. The intercept (level of urinary 24-h CyP-A) was
1.12ng/mL (0.95-1.28) after adjusting for all correlates
(»<0.001). Moreover, with one mg/L increase in 24-h
protein there was 0.1 (0.01-1.4 points) increase in the
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Figure 3 Shows H&E staining of histopathological changes in the groups of kidney tissues (400x). (A) Control samples had normal morphological features of renal
parenchyma with apparent intact renal corpuscles (stars) and different nephron segments displaying apparent intact renal tubular epithelium (arrows) as well as intact
vasculature. (B) Model samples showed the effect of STZ on histological structure of kidneys showed marked congestion of renal glomeruli (red stars) as well as many
dilated and congested intertubular blood vessels (black stars). Frequent records of degenerative or necrotic changes of renal tubular epithelium in proximal and distal
convoluted tubules with significant records of pyknotic nuclei (black arrows) and occasional intraluminal eosinophilic casts (red arrows).

level of urinary 24-h CyP-A and this was statistically
significant (p=0.048). All other correlates were insignif-
icant (p>0.05).

Discussion

DN is a clinical syndrome characterized by persistent
albuminuria (>300 mg/d or >200 pg/min), which is con-
firmed on at least two occasions (three-to-six months
apart), progressive deterioration in the glomerular filtration
rate and elevated arterial blood pressure.>*

In the DN animal model, our results demonstrated that
sCyPA is an early indicator for DN, according to the
findings of Tasi et al, who reported that there were 12.7
folds of increase of sCyPA concentration at the eighth
week in the diabetic mice group, so sCyPA was a more
Furthermore, the sCyPA
detected in the eighth week was an early marker for DN

sensitive and specific indicator.*

since the blood sugar began to rise slightly from the fourth
week to the eighth®® (this period corresponded to the
duration of early-stage DN when mesangial matrix expan-
sion was still not detectable microscopically).

Previous studies demonstrated that CyPA was a good
marker for early detection of renal changes in DN.>?436-37

The present study describes the rising urinary CyPA in
diabetic rats. We tried to find out the possibility of using
the urinary CyPA as a new marker for diagnosis of DN as
early as possible.

Regarding urinary 24-h protein (microalbumin) and
ACR, the present data showed that there was a higher
statistically significant difference between the diabetic
study group before and after injection of STZ/nicotina-
mide. Besides there was a statistically significant differ-
ence between the study and the control groups after

injection readings regarding protein in wurine. That
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Figure 5 (A) Cyclophilin A IHC (400%) expression in control group. (B) Cyclophilin A IHC expression in the study group. The mean expression of CyPA in the control group is 2.1
+ 0.8% in contrast to the model where the mean expression was |0-folds (40.8+3.0%) which was statistically significantly higher than the control group (p>0.001) (C).

3814  submit your manuscript | wiw.dovepress.com Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13

DovePress


http://www.dovepress.com
http://www.dovepress.com

Dove

El-Ebidi et al

Table 3 Comparison Between Study Diabetic Group and
Control Group as Concerned with Basement Membrane
Thickness and Cyclophilin A Expression Percent

Study Group Control Group p-
(n=7) (n=7) value
Basement Membrane Thickness (um)
® Mean SD 3.7£0.7 1.6+0.5 0.001
® Median 3.8 (2.54.5) 1.4 (1.1-2.3)
(range)
Cyclophilin A %
® Mean SD 40.8+3.0 2.1£0.8 <0.001
® Median 40.5 (36—44) 22 (1-3)
(range)

Note: Data were presented as mean +SD and median (range).

Table 4 Diagnostic Performance of Urinary Biomarkers and

Basement Membrane Thickness for Prediction of Positive Cases

Analyzed as the Area Under the Curve (95%Cl)

Indicator Kidney CYP-A | Urinary CYP- | BM
% A Thickness
® AUC 1.000 0.778 1.000
® Cutoff 19.5% 1.15 ng/mL 2.5 ym
® 95%Cl 1.000-1.000 0.619-0.937 1.000-1.000
® p-value 0.002 0.005 0.002
® Accuracy | 100% 72.5% 100%
® Sensitivity | 100% 77.8% 100%
® Specificity | 100% 67% 100%
® PPV 100% 70% 100%
® NPV 100% 75% 100%

Note: Data are presented as mean +SD.
Abbreviations: AUC, area under the curve; PPV, positive predictive value; NPV,
negative predictive value.

Table 5 Correlations Between Urinary CyPA and Other
Variables in the Studied Group After Injection of STZ (n=17)

24-h CyPA

rho p-value
® Urine creatinine (mg/kg/24 h) —0.264 0.126
® 24-h protein (mg/24 h) 0.456 0.043*
® A:C ratio (mg albumin:g creatinine) 0.426 0.011*
® Serum creatinine (mg/dL) 0.409 0.047*
® Blood glucose (mg/dL) 0.445 0.007*
® Urine volume/24 h (mL/24 h) 0.565 <0.001*
® Weight/g —0.544 0.001*

Note: *Statistically significant correlation (p<0.05).
Abbreviations: CyPA, cyclophilin A; STZ, streptozotocin.

0.6+

Sensitivity

0.4+

AUC=0.778
P=0.005

T T
0.0 0.2 04 06 08 10
1 - Specificity

Figure 6 ROC curve for detection the cutoff value of positive cases according to
urinary CyPA ng/mL.

proteinuria was mild representing early affection of kidney
due to diabetes. The obtained results agree with Ye et al,*
who showed that urinary micro albumin significantly
increased in diabetic patients with microalbuminuria dia-
betic patients than in normoalbuminuric diabetic patients.

Tsai et al,* reported that the increased sCyPA should
not be considered as a general effect due to increased
proteinuria in the diabetic mice, because among the four
groups of mice, there was no significant upsurge in albu-
minuria in the sixteenth week compared to that in the
eighth from induction of diabetic nephropathy and his
data were consistent with previous reports that albumi-
nuria or proteinuria was not the variable to represent the
severity of DN in the db/db and db/m groups.*'

Our results showed that the degree of albuminuria
increased with prolonged duration of DM in the study
group after injection of STZ/nicotinamide in contrary to
the same group before injection of the drug. This result
1,** who showed that there
was a statistically significant increase in the duration of
DM with advancing stages of DN. Although the albumi-
nuria slightly increased in mild early stages, Vestra et al,**

was consistent with Molitch et a

found no difference in the duration of diabetes between the
stages of nephropathy.

Amer et al*’ found that the urinary CyPA in GIII
(diabetics with albuminuria DN) was higher than in GII
(diabetics without albuminuria) and GI (control). In GII
the urinary CyPA was higher than in GI. It was also found
that the level of urinary CyPA was higher in GIIIb
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Table 6 Independent Correlates of Urinary 24-h CyPA

Variable B (95%ClI) t-statistics p-value
Constant 1.12 (0.95-1.28) 13.65 <0.001
® Urine creatinine (mg/kg/24 h). 0.09 (—1.19-0.37) 0.64 0.524

® 24-h protein (mg/24 h). 0.10 (0.01-1.4) 2.08 0.048

® A:C ratio (mg albumin:g creatinine) 0.06 (0.02-0.10) 1.39 0.173

® Serum creatinine (mg/dL) 1.37 (-0.09-2.82) 1.93 0.064

® Blood glucose (mg/dL) 0.002 (—0.003-0.006) 0.71 0.486

® Urine volume 24-h (mL/24 h) 0.005 (—0.037-0.047) 0.26 0.795

® Weight/g 0.001 (—0.003-0.002) 0.29 0.772

Abbreviations: CyPA, cyclophilin A; A:C ratio, albumin:creatinine ratio.

(diabetics with macro albuminuria) than in GIIIa (diabetics
with microalbuminuria). Increased serum creatinine level
and BUN along with decreased excretion of creatinine in
the urine are indicators of the development of diabetic
nephropathy.**

Likewise, we found that there was a significant difference
regarding urine creatinine between the study and control
groups where urine creatinine was higher in control in compar-
ison with study group with p-value where it was decreased in
the study group after injection than before injection but did not
reach the level of significance. This may be due to a small
sample size. Our results go with Mestry et al,*> and Naowaboot
et al,*® who reported that The STZ-diabetic rats showed a
significant decrease in the level of creatinine in urine compared
to the normal control group.

Serum creatinine and BUN levels are important para-
meters to examine kidney function.*’ Elevated levels of
serum creatinine and BUN are associated with interstitial
atrophy, epithelial necrosis as well as atrophic changes in
the glomeruli and thus DN.** In this study, diabetic rats
have shown a significant increase in serum creatinine.

The current study shows a significant difference
between the two groups, study and control group after
injection of STZ to the study group according to serum
creatinine level vs the control group but it is a very slight
increase reflecting early affection of kidney tissue. We
found the same results in the study group before and
after injection of STZ/nicotinamide. There is a statistically
significant difference between the two groups concerning
serum creatinine. Similarly, El-Saeed et al,** showed a
significant increase of serum creatinine in microalbumi-
nuria and macroalbuminuria diabetic group compared with
the normalbuminuria diabetic group.

Jain and Saha,>® Naowaboot et al,*® Mestry et al.® also
found an increased level of serum creatinine in the diabetic rats
more than in the control group. Moreover, there was a positive

significant correlation between CyPA and serum creatinine
blood glucose 24-h urinary protein and A:C ratio respectively,
and negative correlation with eGFR (creatinine clearance). Our
study is compatible with Tsai et al,>* and Amer et al,>” who
found a significant increase in the level of urinary CyPA in the
diabetic group compared to the control group and showed that
the urinary CyPA increased by a calculated constant rate for
each elevated serum creatinine, urinary ACR level and reduced
eGFR level.

The diagnostic accuracy of CyPA for prediction of
incipient DN was 72.5% and the optimal cutoff value
was 1.15 ng/mL with 77.8%, sensitivity and 70.6%, spe-
cificity. This finding suggests that CyPA exhibits a high
diagnostic accuracy for early detection of DN and could be
used as a potential urinary marker. For the CyPA% using a
cutoff of 19.5%, the accuracy was 100% with 100% sen-
sitivity and 100% specificity. Concerning the BM thick-
ness using a cutoff of 2.5 pm the accuracy was 100% with
100% sensitivity and 100% specificity.

Tsai et al,*® demonstrated that when the concentration
of urinary CyPA was more than 0.7250 ng/mL, we could
diagnose the silent stage of DN with a sensitivity of 90.0%
and specificity of 72.7%. The area under the curve was up
to 0.85, indicating that urinary CyPA is used for the
diagnosis of the silent stage of DN.

Abdel Ghafar et al,”' also found that the diagnostic
accuracy of CyPA for prediction of incipient DN was
0.914 and the optimal cutoff value was >2.1 ng/mg crea-
tinine with 84.2% sensitivity and 86% specificity. This
finding suggests that CyPA exhibits a high diagnostic
accuracy for early detection of DN and could be used as
a potential urinary marker.

It was concluded that urinary CyPA could provide
information about earlier glomerular impairment in
patients with diabetes and can be used as earlier markers
for DN than micro albuminuria with higher sensitivity.
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Following results found by Tsai et al,”> we found that
CyPA increased in 24-h urine collection in the study
group vs control group after injection of STZ/nicotina-
mide, which is a statistically significant difference. We
obtained the same results in the study group before and
after injection. Likewise, Tsai et al,”> found that CyPA was
a stronger, earlier, and more sensitive marker.

The extent to which the value of the indicator has
increased 12.7 folds of increase of sCyPA concentration
in the eighth week in the diabetic mice first suggested that
sCyPA is a more sensitive and specific indicator. Second,
the sCyPA detected in the eighth week is an early marker
for DN since the blood sugar in the diabetic mice began to
rise slightly from the fourth to the eighth weeks—this
period corresponds to the duration of early-stage DN
when mesangial matrix expansion is still not detectable
microscopically.’® The early stage DN is characterized by
hyper filtration, resulting in a more increase in 23% of the
glomerular surface (eg hypertrophy or hemodynamic
hyper filtration).”" Hence urinary sCyPA is an early DN
marker because there is an obvious increase of sCyPA at
the eighth week when there are few pathological changes.

Intraperitoneal injection of STZ had a necrotic effect on
insulin-producing pancreatic -cells leading to hyperglycemia
and a significant decrease in insulin secretion within 48 h after
injection.™ In our study, there was a significant elevation in
blood glucose in the study group compared to the control
group. The same thing happened in the study group before
and after injection of STZ in accordance with El-Baz et al,>*
who found that animals injected with STZ exhibited a signifi-
cant elevation in glucose blood levels after 30 days by 2.7-
folds, when compared to normal animals. Moreover, Jelodar et
al> evaluated blood glucose level and found hyperglycemia in
different study groups.

Concerning the histopathological study of kidney tissue in
the diabetic and control groups we found that control samples
demonstrated normal morphological features of renal parench-
yma with apparent intact renal corpuscles contrary to the study
group that showed marked congestion of renal glomeruli as
well as many dilated and congested intertubular blood vessels
and so IHC study: the mean expression of CyPA in the control
group is (2.1+.8%) in contrast to the model where the mean
expression is 10-fold or (40.8+3.0%) that is statistically sig-
nificantly higher than the control group.

Consistently with a previous study by Tsai et al,*> the
increased IHC staining for CyPA was also detected in mesan-
gial cells and tubular cells in DN. The above findings in animal
models are all consistent with previous human studies that

human urinary CyPA can be detected since stage 2 DN.
According to the above reasons, we believe that urinary
sCyPA is a much earlier and stronger marker for DN.

Concerning weight, our results showed that there was a
weight loss in the study group after injection rather than before
injection, and also in the control group. These results are
similar to that of Cheng et al,>® Mestry et al,* Jelodar et
al,5 5 and Jain and Saha>® who found that STZ-induced diabetes
is associated with a significant reduction in the body weight
due to hyperglycemia, hypoinsulinemia, increased muscle
wasting and loss of tissue proteins.

Alternatively, Ishibashi et al,’” and Tsai et al,*> found
that their study groups had weight gain within the period
of the study. This may be due to unrestricted food or due to
progression of insulin resistance.

Our results revealed that there was a statistically sig-
nificant difference between the study and the control
groups after injection concerning urine volume and also
with the study group before and after injection. These
results go with Jain and Saha®® who observed a significant
rise in urine volume in diabetic rats compared to the
normal rats. This may be due to the polyuria induced effect
of hyperglycemia and diabetes mellitus.

Multivariate linear regression analysis revealed that
every unit increased in 24-h protein was associated with
0.1 unit increase in 24-h urinary CyPA. Our result was
supported by Tsai et al,*> they found that when ACR
increased by 1 mg/g, the concentration of urinary CyPA
increased by 0.030 ng/mL and they established an equa-
tion to link between them (CyPA=2.461+ACR*0.001).

Urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) is a
reliable and early marker of reactive oxidative stress (ROS)
and DN because it can represent DNA damage in early
DN.>® Compared to 8-OHdG, cyclophilin A was a stronger,
earlier, and more sensitive marker for detection of DN.»

Conclusion
Our study showed that there was a highly significant
difference in the level of 24-h urinary CyPA between the
study group and the control group. This result was con-
firmed by immunohistochemical detection of the marker in
the kidney tissue after induction of DN to be highly
expressed in the study group more than the control group.
In this animal study, sCyPA was shown to be a marker
of DN and play a pathological role for DN. The possibility
of using sCyPA as a rapid, easy, simple and noninvasive
biomarker for detection of any renal affection as early as
possible in diabetic nephropathy patients. The sCyPA may
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have potential as a treatment target and thus further study
is needed.

Recommendations

Future research using human subjects and cell lines for
more conformation of the current study findings is
recommended.
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