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Background: It has been observed that the use of immunosuppressive drugs in patients after transplantation of vascular-

ized organs may be associated with changes in the concentration of certain fractions of plasma proteins. The
concentration of these proteins was correlated with an increased risk of occurrence of stage 3 chronic kidney
disease (CKD). This article examines the effect of the most commonly used immunosuppressive drugs on the
concentration of plasma proteins in Wistar rats.

Material/methods: The study involved 36 rats grouped according to the immunosuppressive regimen used (tacrolimus, mycophe-
nolate mofetil, cyclosporine A, rapamycin, and prednisone). The rats in all study groups were treated with a
3-drug protocol for 6 months. The treatment dose was adjusted based on available data in the literature. No
drugs were administered to the control group. The rats were sacrificed and blood samples collected to deter-
mine the concentration of plasma proteins using electrophoresis technique.

Results: Statistically significant differences were observed between protein concentrations within the studied groups.
The differences related to the proteins with masses of 195 kDa, 170 kDa, 103 kDa, and 58 kDa.
Conclusions: (1) Immunosuppressive drugs caused changes in the proteinogram of plasma proteins. (2) The strongest effect
on rat plasma proteins was exerted by a regimen based on rapamycin. Intermediate, weak, and weakest effects
were observed in regimens based on cyclosporine A, tacrolimus, and mycophenolate mofetil, respectively.
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Material and Methods

Use of immunosuppressive drugs in patients after transplanta-
tion of vascularized organs may be associated with changes in
the concentration of certain fractions of plasma proteins [1-3],
although data in the literature are scarce.

In patients receiving immunosuppressive drugs (tacrolimus or
cyclosporine A in monotherapy) following liver transplantation,
elevated concentrations of specific serum proteins (e.g., apo-
lipoprotein H, o, microglobulin, B, microglobulin of factor VII,
and chromogranin A) can be observed [1]. The concentration
of these proteins was correlated with an increased risk of de-
veloping stage 3 CKD [1]. In plasma of patients at risk of de-
veloping diabetic nephropathy, an elevated concentration of
plasma kininogen and its fragments was reported [2]. In pa-
tients with lipid disorders, who were treated with steroids af-
ter renal transplantation — cyclosporine A (CyA) or tacrolimus,
and mycophenolate mofetil (MMF) or azathioprine — higher
concentrations of proteins such as high-molecular fragments
of kininogen (bradykinin) and C4 complement were found [3].

Most studies of protein markers of acute kidney injury, chron-
ic kidney disease, nephrotoxicity of immunosuppressive drugs,
and renal graft rejection were carried out using mass spec-
trometry technique involving renal tissue and urine, [4,5] but
not plasma.

The present study examined the long-term (6 months) effect of
the most commonly used immunosuppressive drugs in typical
combinations used in patients after organ transplantation on
the concentration of plasma proteins of Wistar rats via elec-
trophoresis technique.

Study design

We used 36 male Wistar rats obtained from a licensed breed-
er (the Institute of Occupational Medicine in Lodz, Poland). At
the beginning of the study, the rats were 14 weeks old. The
animals had genetic and health certificates issued by a veteri-
narian. The study was approved by the local Ethics Committee
for Experiments on Animals in Szczecin (No. 06/08, dated 04
Feb. 2008, and No. 24/08, dated 24 Nov. 2008).

The animals were housed in cages, with 6 rats per cage, in the
Animal Facility of Pomeranian Medical University. The room hu-
midity was approximately 55%, and the air temperature was
22+2°C. The lighting, on a 12/12-h cycle, was controlled by au-
tomatic timers. Before the study, all animals were weighed,
and their mean weight was 30549 g. During 2 weeks of ad-
aptation, the animals were fed with the specialized LSM diet
(1474 kJ/100 g, 17.6% “Agropol” Motycz, Lublin, Poland) and ad
libitum drinking water. All animals survived the adaptation period.

The study was performed using the pharmaceutical form of each
drug. The animals received drugs orally in a ball of bread. The
drug doses were based on data found in the literature [6-10].
The doses used in the study were: tacrolimus (Prograf, Astellas
Pharma, Warsaw, Poland): 4 mg/kg/day; MMF (CellCept, Roche
Registration Limited, Welwyn Garden City, Great Britain): 20 mg/
kg/day; CyA (Sandimmune Neoral, Novartis Pharma Gmbh,
Nirnberg, Germany): 5 mg/kg/day; rapamycin (Rapamune,
Wyeth, New Lane Havant Hants, Great Britain): 0.5 mg/kg/day;
and prednisone (Encorton, Polfa, Pabianice, Poland): 4 mg/kg/
day. The animals received medication every 24 h for 6 months.
After 3 months the animals were weighed again, and each med-
ication dose was adjusted based on body weight. The 6 rats in
the control group did not receive treatment. A diagram of the
study design is presented in Table 1.

Table 1. Description of the study design. The abbreviations of drugs used for giving groups in brackets.

Glucocortico-steroids Tacrolimus

Group

Cyclosporine A Rapamycin Mycophenolate

(9 m
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Collection of material for the study

Thirty-four rats completed the study and 2 rats from the CRG
(cyclosporine A, rapamycin, glucocorticosteroids) group died
before the end of the study. After 6 months, the animals were
anesthetized by intraperitoneal ketamine hydrochloride injec-
tion (50 mg/kg) and blood samples were collected. At the same
time, tissue samples (kidneys) of rats were taken for analysis
in a separate study.

Determination of drug concentrations in whole blood of
rats

The concentration of drug was determined after 4 h of en-
teral drug administration in accordance with the literature
data [10,11]. Rapamycin concentration was determined in the
whole blood of rats collected into EDTA tubes by HPLC-UV meth-
od with extraction of 1-chlorobutane and 32-desmethoxyra-
pamycin as an internal standard. A Hewlett-Packard 1050 in-
strument equipped with Alltech Alltima C18 column 150x2.1
mm, 5 pm, maintained at 50°C, was used. The flow rate of the
mobile phase containing 60% acetonitrile and 40% water was
0.5 mL/min, and the UV detector wavelength was established
at 278 nm. The limit of quantitation was 1 ng/mL.

The concentration of tacrolimus and CyA was determined in
the whole blood of rats using IMx assay based on micropar-
ticle enzyme immunoassay (MEIA). The assay was performed
using Abbott equipment (Abbott Laboratories, Park, USA). The
concentration of CyA was determined with the use of Abbott
AXSYM assay, based on a fluorescence method (FPIA, fluores-
cence polarization immunoassay). The concentrations of the
drugs were: cyclosporin A (ng/ml) 785.2483.3 (ng/ml) in the
CMG group, tacrolimus 14.1+13.1 (ng/ml) in the TMG group,
tacrolimus 15.3+9.2 (ng/ml) and rapamycin 6.5+2.4 (ng/ml) in
the TRG group, cyclosporin A 1272+556.7 (ng/ml) and rapamy-
cin 6.3+4.4 (ng/ml) in the CRG group, and rapamycin 2.3+2.1
(ng/ml) in the MRG group.

Polyacrylamide gel electrophoresis of rat plasma proteins

Separation of proteins was carried out using sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under
denaturing conditions, according to the procedure described
by Laemmli [12]. Plasma was suspended in a solution contain-
ing 0.25 M TRIS-HCl buffer, pH 6.8, 10% SDS, and 0.5 M DTT,
incubated at 94°C for 5 min. The acrylamide concentration
of “stacking” and “resolving” gels were 4% and 10%, respec-
tively. The separation was carried out at ambient temperature
and at a voltage of 60 V for the “stacking” gel and 120 V for
the “resolving” gel. Subsequently, the gels were stained with
0.1% Coomassie Brilliant Blue suspended in 10% acetic acid
and 50% methanol. The separation of proteins was conducted
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using the Mini-PROTEAN® (Bio-Rad) system, and the analyses
of gels were performed using KTE Gelscan (Kucharczyk TE) pro-
gram. The results are shown as proportions.

Determination of proteins with the use of ELISA

The following ready-to-use kits were used for determination:

1. TIM-1/KIM-1/HAVCR Immunoassay Rat (catalogue number
RKM100, R&D Systems, Minneapolis, USA).

2.Rat MCP-1 Instant ELISA (catalogue number BMS631INST,
eBioscience, Vienna Austria).

Statistical analysis

The values of continuous variables were compared between
groups using nonparametric tests (U-Mann-Whitney test) be-
cause most of the variables were non-normally distributed
(as evidenced by Shapiro-Wilk test). The mean, standard de-
viation, median, minimum, and maximum values were calcu-
lated for each group.

To evaluate the correlation between continuous variables,
nonparametric Spearman’s rank correlation coefficient (RS)
was used.

The cut-off level of statistical significance was set at p<0.05

for bilateral statistical hypothesis tests. Calculations were per-
formed using Statistica 10 software.

Results

As shown in our previous studies (Kedzierska et al.) the im-
munosuppressive drugs used in popular regimens induce a
series of changes in protein expression in target organs (e.g.,
kidneys) [13]. Our team (Kedzierska et al.) found that the
apoptosis in nephron tubules caused by immunosuppressive
therapy in the same study group is not accompanied by any
histopathological changes (e.g., fibrosis, inflammation, tubu-
lar atrophy, and vacuolation of the tubular cells) seen in light
microscopy [14].

In a recent study, plasma proteins were subjected to 1-di-
mensional electrophoretic separation under denaturing con-
ditions. The 22 plasma proteins occurring in the highest quan-
tities were divided into 7 fractions (Figures 1 and 2; Tables 2,
3A, 3B), with molecular mass given in kDa as the division cri-
terion. Statistically significant differences were observed be-
tween protein concentrations within the studied groups. The
differences involved the proteins with masses of 195 kDa, 170
kDa, 103 kDa, and 58 kDa (ANOVA p=0.05, p=0.01, p=0.02, and
p=0.04, respectively).
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The 48-kDa protein was present in higher concentrations in the
control group compared to the MRG (mycophenolate mofetil,
rapamycin, glucocorticosteroids) and CMG (cyclosporine A, my-
cophenolate mofetil, glucocorticosteroids) groups (p<0.05 and
p<0.05). In the control group, concentration of 58-kDa protein
was significantly lower compared to TRG (tacrolimus, rapamy-
cin, glucocorticosteroids) (p<0.05), CMG (p<0.01), and TMG (ta-
crolimus, mycophenolate mofetil, glucocorticosteroids) (p<0.05)
groups. The 88-kDa protein was found in lower concentrations
in the TMG group as compared to the control group (p<0.05),
as was 66-kDa protein (p<0.05 TMG vs. control). Presence of
103-kDa protein was found in higher concentrations in the con-
trol group as compared to the MRG group (p<0.05). Presence
of 108-kDa protein was found in higher concentrations in the
CRG group compared to the control group (p<0.05) (Table 3A).

The 146-kDa protein was found in lower concentrations in the
control group as compared to the CRG study group (p<0.05).
Presence of 154-kDa protein was found in higher concentra-
tions in the control group as compared to the TRG, MRG, CMG,
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Figure 1. Electrophoretic separation of plasma proteins in rats.
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and TMG groups (p<0.05). The 170-kDa protein was found in
lower concentrations in the control group compared to the CRG
(p<0.05), CMG, and TMG (both p<0.01) groups. The 195-kDa
protein was present in higher concentrations in the control
group compared to the CMG group (p<0.05) (Table 3B).

In the next stage of the analysis, a comparison was made of
the immunosuppressive regimens applied and their effect on
the concentration of plasma protein fractions. The comparison
excluded the control group, which did not receive any drugs.

The use of regimens based on CyA (CRG and CMG) was asso-
ciated with the occurrence of a higher concentrations of 203-,
170-, and 108-kDa plasma proteins (p<0.04, <0.01 and <0.05,
respectively), whereas the amount of 54-kDa protein was sig-
nificantly reduced compared to the groups treated with regi-
mens devoid of CyA (TRG, TMG, and MRG) (p<0.05) (Table 4).

In the plasma of rats collected from the groups treated with
tacrolimus (the TRG and TMG groups), we found decreased
levels of the 108-kDa protein and increased levels of the 103-
kDa protein (p <0.02 and 0.03, respectively) (Table 5) compared
to the groups without drug treatment (CRG, CMG, and MRG).

Compared to other regimens, treatment with a set of drugs
including rapamycin (CRG, MRG, and TRG) had the greatest
effect on the change of the parameters studied. The content
of plasma proteins in the groups receiving rapamycin was
higher compared to the groups without rapamycin (CMG and
TMG) in terms of proteins size 195 kDa, 88 kDa, 66 kDa, and
37 kDa (p<0.04, p<0.03, p<0.0,3 and p<0.04, respectively),
and was lower in terms of proteins size 170 kDa, 103 kDa, 79
kDa, and 58 kDa (p<0.001, p<0.01, p<0.05, and p<0.001, re-
spectively) (Table 6).

Treatment based on the administration of MMF (TMG, CMG,
and MRG) along with other regimens had the lowest effect on
the change of the parameters studied.

Electrophoretic separation of plasma proteins in the selected groups

Figure 2. Electrophoretic separation of plasma
proteins in the selected groups.
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Table 2. Electrophoretic fractions of plasma proteins in the studied groups.

Molecular mass of Theoretical
. . A q . Actual molecular
electrophoretic fraction Examples of proteins included in fractions molecular mass
mass [kDa]
[kDa] [kDa]
Fibronectin (monomer) 270
Factor VIII 240 218 NS
Apolipoprotein B48 218
PR e
Unidentified plasma protein 210 NS
Unidentified plasma protein ? 203 NS
C4 complement (whole molecule) 194 195 0.05
C3 complement (whole molecule) 186
160-189 o,-makroglobulin — heavy chain 165 170 0.01
o,,-makroglobulin (monomer) 163
Unidentified plasma protein ? 154 NS
130-159 Unidentified plasma protein 146 NS
Unidentified plasma protein ? 137 NS
CRP (entametr) 125 126 NS
Ceruloplasmin 120 120 NS
100-129 Bone morphogenetic protein 1 (BMP-1) 111
————————————————————————————————————————————————————————————————————————————————————————————— 108 NS
Endothelial lipase (homodimer) 110
Inter a-H4P inhibitor (heavy chain) 103 103 0.02
MMP-9 92 929 NS
Fibrinogen alpha chain (monomer) 86
KIM-1 85
80-99 HSP 90 (homodimer) 84
————————————————————————————————————————————————————————————————————————————————————————————— 88 NS
Factor XIII 82
Haptoglobin (tetramer) 82
HGF 82
MMP-2 72
————————————————————————————————————————————————————————————————————————————————————————————— 79 NS
Precallicrein 71
Prothrombin 70
60-79 Kininogen (high-molecular-weight 70
e 66 NS
Cholinesterase 68
Albumin 65
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Table 2. Electrophoretic fractions of plasma proteins in the studied groups.

Molecular mass of Theoretical
. . A q . Actual molecular
electrophoretic fraction Examples of proteins included in fractions molecular mass
mass [kDa]
[kDa] [kDa]
TGF beta 2 55
————————————————————————————————————————————————————————————————————————————————————————————— 58 0.04
C1 protease inhibitor 55
Coagulation factor X 54
Fibrinogen beta chain (monomer) 54
Chromogranin A 52
SRS
Haemopexin 51
————————————————————————————————————————————————————————————————————————————————————————————— 54 NS
Coagulation factor IX 51
Fibrinogen gamma chain 50
Factor VII 50
KIM-1 50
o,-proteinase inhibitor (serpine1) 46
————————————————————————————————————————————————————————————————————————————————————————————— 48 NS
Kininogen (low-molecular-weight isoform) 46
o,-makroglobulin light chain 45
SR
AMBP protein (lipocain) 38
————————————————————————————————————————————————————————————————————————————————————————————— 37 NS
Fetuin-A 37

Apolipoprotein E

There was no correlation between morphology, creatinine, e-
GFR, or histology of rat kidneys and plasma protein, and plas-
ma protein was not correlated with serum calcium or urine
test results.

In the next stage of the study we analyzed the concentration
of KIM and MCP-1 in rat plasma as well as the correlation be-
tween rat plasma proteins and markers of kidney damage.

KIM-1 (kidney injury molecule-1) concentration was determined
in the plasma of rats, and significant differences between the
groups (p=0.05) were found (Table 7). The highest value of
KIM-1 was found in the CMG group and it was significantly high-
er than in the control group (Mann-Whitney test, p<0.05). The
concentration of MCP-1 (Monocyte Chemoattractant Protein-1) in
the plasma of rats was also significantly different between the
groups (p<0.001). In the MRG group, it was significantly lower
compared to the control group (p<0.05), whereas in the TMG
group, the concentration was significantly higher in compari-
son to the control group (p<0.01). The concentration of KIM-1
was inversely correlated with 66 kDa and 137 kDa proteins and
positively correlated with 170 kDa protein (Figure 3). Numerous
correlations were observed between plasma levels of MCP-1
and plasma proteins. MCP-1 was inversely correlated with 37

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

kDa, 120 kDa, and 146 kDa proteins (p<0.001). MCP-1 was
positively correlated only with the 210 kDa protein (Figure 4).

Discussion

In a separate study by our team (Kedzierska et al.) [13], we
analyzed the impact of the most commonly used immunosup-
pressive drugs on protein expression in the native kidneys of
Wistar rats. We found that the immunosuppressive drugs used
in popular regimens induce a series of changes in protein ex-
pression in target organs. The expression of proteins involved
in drug, glucose, amino acid, and lipid metabolism was pro-
nounced. To a lesser extent, we also observed changes in nu-
clear, structural, and transport protein synthesis. Very slight
differences were observed between the group receiving cyclo-
sporine, mycophenolate mofetil, and glucocorticoids (CMG) and
the control group. In contrast, compared to the control group,
animals receiving tacrolimus, mycophenolate mofetil, and glu-
cocorticoids (TMG) exhibited higher expression of proteins re-
sponsible for renal drug metabolism and lower expression lev-
els of cytoplasmic actin and the major urinary protein. In the
TMG group, we observed higher expression of proteins respon-
sible for drug metabolism and a decrease in the expression
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Table 3A. Electrophoretic fractions of plasma proteins in the studied groups.

Protein [MW]/group Control TRG CRG MRG CMG TMG p (Anova)
Mean +SD 1.09+1.71 0.44+1.07 1.19+1.38 1.68+1.38 0+0.00 0.21+0.51

37 kDa Median 0 0 1.08 2.13 0 0 NS
Min-max 0-3.75 0-2.63 0-2.57 0-3.34 0-0 0-1.24

58 kDa Median 4.98 9.95** 8.5 4.27 14.7* 15.8** 0.04

66 kDa Median 29.88 34.23 28.53 31.44 27.6 26.6** NS
Min-max 28-38.02 24.4-42.1 26.2-32.6 26.6-44.7 25.9-30.8 26.1-34.3
Mean +SD 0+0.00 0+0.00 0.67+1.34 0+0.00 1.2+1.70 1.09+1.70

79 kDa Median 0 0 0 0 0 0 NS
Min-max 0-0 0-0 0-2.68 0-0 0-3.59 0-3.68

88kDa  Median 10.31 9.78 9.65 10.54 9.66 s NS
,,,,,,,,,,,,,,,,,,,,,,,, Minmax 973713 8327122 8287103 9857123 7487109 343711
Mean +SD  0:0.00 00.00 0£0.00 0£0.00 0£0.00 115:2.8
99kba  Median ° ° ° ° o % NS
Min-max 0-0 0-0 0-0 0-0 0-0 0-6.88

103 kDa Median 2.52 2.33 0 0.0** 2.51 2.31 0.02
Min-max 0-3.01 0-2.83 0-1.76 0-2.5 1.5-2.65 1.84-7.18
Mean +SD 0+0.00 0+0.00 0+£0.00 0.61+£1.50 0+0.00 0+0.00

105 kDa Median 0 0 0 0 0 0 NS
Min-max 0-0 0-0 0-0 0-3.66 0-0 0-0
Mean +SD 2.52+1.35 2.41+1.0 3.88+0.62 3+1.5 3.5+0.46 3.27+0.53

108 kDa Median 2.72 2.69 3.80** 3.57 3.55 3.19 NS
Min-max 0-4.04 0.66-3.57 3.25-4.66 0-4.06 2.77-3.95 2.72-3.92

*p<0.01 vs. K; ** p<0.05 vs. K.
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Table 3B. Electrophoretic fractions of plasma proteins in the studied groups.

Protein [MW]/group Control TRG CRG MRG CMG TMG p (Anova)
Mean +SD 0+0.00 0.52+1.28 0+0.00 0+0.00 0+0.00 0.43+1.06
115 kDa Median 0 0 0 0 0 0 NS
Min-max 0-0 0-3.15 0-0 0-0 0-0 0-2.6

137 kDa Median 3.01 3.06 3.19 3.66 2.74 3.22 NS

203kDa Median 0 0 0 0 1.75 0 NS

218 kDa Median 2.73 2.22 2.07 2.97 2.21 0.87 NS

Min-max 0-3.05 0-3.49 1.63-2.28 2.18-3.85 1.71-2.86 0-2.85

*p<0.01 vs. K; ** p<0.05 vs. K.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Kedzierska K. et al.:

Immunosuppression and proteinogram AN IMAL STU DY

© Med Sci Monit, 2016; 22: 1987-1998

Table 4. Comparison of the results of analysis of selected plasma proteins in the groups where regimens based on cyclosporin A and
without it, were used.

Cyclosporin A "yes” - CRG, CMG Cyclosporin A ”no” - TMG, TRG, MRG
Median  *SD

Protein 54 kDa 11.1 2.6 4.9 2.5 5.6 20.4 4.0 8.4 4.9 9.3 0.05

Table 5. Comparison of the results of analysis of selected plasma proteins in the groups where regimens based on tacrolimus and
without it, were used.

Tacrolimus "yes” - TRG, TMG Tacrolimus ”no” - CRG, CMG, MRG

Median *SD

Protein 103 kDa 7.2 0.0 2.3 1.7 2.4 2.7 0.0 1.3 1.1 1.1 0.03

Table 6. Comparison of the results of analysis of selected plasma proteins in the groups where regimens based on rapamycin and
without it, were used.

Rapamycin ,,yes” - CRG, MRG, TRG Rapamycin ,,no” - CMG, TMG
Median + SD

Protein 37 kDa 33 0.0 0.0 1.3 1.1 1.2 0.0 0.0 0.4 0.1 0.04

Table 7. Concentrations of kidney damage markers in rat plasma.

P
(Anova)

Parameter/group Control

Mean +SD 67.51+£25.3 102.7+62.2 94481459 61.2429.3 172.5+105.3 71.994+34.15

KIM-1

5 Median 60.39 82.24 98.51 49.55 149.4** 70.94 0.05
(8 S Drc €)oo SNt SN SN
Min-max 46.1-113.9  48.34-220 34.7-146.2 36.3-110.7 50.4-324.6 34-1284
Mean +SD 197.2422.9  215.7451 163+22.85 143.55+6.68 165.9430.4 330.2+45.6
MCP-1 n Median 200.4 235.9 153.9 143.8** 156.5 311.8* 0.001
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Min-max 167-221  157.4-263.5 146.1-189 136.2-150.4 137.7-217.7 284.9-405.3

* p<0.01 vs. K; ** p<0.05 vs. K.
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Figure 3. Correlations between plasma levels of KIM-1 and
plasma proteins.

of respiratory chain enzymes (thioredoxin-2) and markers of
distal renal tubular damage (heart fatty acid-binding protein)
compared to expression in the CMG group [13].

In the present study, 22 proteins were isolated from rat plas-
ma from both the study groups and the control group, which
were further divided into 7 fractions, depending on the mo-
lecular mass [kDa]. Because of the large number of proteins
found in the plasma (several thousand), which would impair
the readout of hard-to-observe differences between proteins,
2-dimensional (2D) electrophoresis could not be performed.

Statistically significant differences were observed between
concentrations of proteins within all the studied groups and
the control group. These differences were related to 195 kDa,
170 kDa, 103 kDa, and 58 kDa proteins.

A protein with a mass of 195 kDa may correspond to C4 com-
plement (whole molecule). A 103-kDa protein may correspond
to the inter a-H4P inhibitor (heavy chain), the 170-kDa protein
is most probably a o.,-macroglobulin, and the 58-kDa protein
may correspond to a f chain of TGF or C1 protease inhibitor.

The concentration of 195-kDa protein (probably a C4 comple-
ment) was higher in the control group; however, its concentra-
tion in the CMG and TMG study groups was very low.

The 170-kDa protein, which is most likely an o, -macroglobulin,
which is an acute-phase protein in rats, relative to CRP, was at
significantly higher concentration in the rat plasma collected
from the study groups compared to the control group. In old-
er rats, the concentrations of a.,-macroglobulin and other pa-
rameters of the acute phase were increased, and the concen-
tration of albumin was decreased [15]. In the study groups, no
differences in the concentration of protein corresponding to

Figure 4. Correlations between plasma levels of MCP-1 and
plasma proteins.

albumin (66 kDa) were observed, except for the TMG group,
in which the concentration was significantly decreased com-
pared to the control group.

There was a significant increase in the concentration of 58-kDa
protein in almost all the studied groups except for the MRG
and control groups. The 48-kDa protein was reported in the
highest concentration in the control group, while in the remain-
ing groups it was found at a very low level; however, due to
the large variation, statistical significance was only observed
between the control group and the MRG and CMG groups.

Merchant et al. reported an elevated concentration of plasma
kininogen and its fragments in patients with microalbumin-
uria during the course of type | diabetes [2].

These are very small proteins (~3 kDa), which were detected
using mass spectrometry technique; unfortunately, the elec-
trophoresis method, which was used in this study, is not sen-
sitive enough to detect such small proteins. However, proteins
with masses of 70 kDa and 46 kDa, which may correspond to
low- and high-molecular-weight kininogen in rats, were detect-
ed in our study. The concentration of 48-kDa protein (possi-
bly a low-molecular-weight kininogen) was significantly differ-
ent between the experimental groups and the control group.

Levitzky et al. observed the correlation of apolipoprotein H, o,
microglobulin, B, microglobulin of factor VII, and chromogranin
A with increased risk of chronic kidney disease development
in the third stadium. Moreover, elevated levels of these pro-
teins were found in patients who received tacrolimus and CyA
in monotherapy after liver transplantation [1].

In another study, the effect of atorvastatin on lipid profile
and plasma protein composition in patients after kidney
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transplantation was observed. It was found that treatment
with statins may decrease the concentration of certain se-
rum proteins, and patients receiving steroids, CyA, tacrolim-
us, MMF, and azathioprine exhibit higher concentrations of
high-molecular-weight kininogen fragment (bradykinin) and
C4 complement [16].

We also examined the effect of drugs used in immunosup-
pressive regimens on the concentration of plasma proteins,
but we excluded the control group from this part of the study.
The available literature lacks any data against which our re-
sults can be compared. Most studies on the protein markers
of acute kidney injury, CKD, nephrotoxicity of immunosuppres-
sive drugs, and acute rejection of renal transplant were con-
ducted using mass spectrometry technique in renal tissue and
urine, but not in plasma.

In the present study, we observed that among all the drugs
tested, only MMF used in various regimens usually had no ef-
fect on the concentrations of proteins analyzed using SDS-
PAGE technique. The remaining immunosuppressive drugs af-
fected the protein concentration to a greater or lesser extent.

In the rat plasma collected from the groups in which tacro-
limus was administered, both decreased and increased pro-
portions of 108-kDa and 103-kDa proteins, respectively, were
observed. Regimens based on CyA had higher concentrations
of plasma proteins with masses of 203 kDa, 170 kDa, and
108 kDa, whereas the concentration of 54-kDa protein was
significantly decreased compared to the groups treated with
regimens devoid of CyA.

The strongest effect on plasma proteins was in regimens with ra-
pamycin. The concentrations of proteins with masses of 195 kDa,
88 kDa, 66 kDa, and 37 kDa were higher, while the concentra-
tions of proteins with masses of 170 kDa, 103 kDa, 79 kDa, and
58 kDa were lower compared to the groups devoid of rapamycin.

Three proteins, with masses of 170 kDa, 108 kDa, and 103 kDa,
were interesting in terms of their mobility. A 170-kDa pro-
tein (possibly an a,-macroglobulin) was found at significant-
ly higher concentrations in the groups treated with CyA, and
the 103-kDa protein (possibly an inter a-H4P inhibitor, heavy
chain) had elevated levels in the groups in which tacrolimus
was administered. In the groups in which rapamycin was ad-
ministered, decreased concentrations of 170- and 103-kDA
proteins were observed.

We found a positive correlation between KIM and 170-kDa
protein, which could correspond to alpha-2 macroglobulin in
rats. Alpha-2-macroglobulin is a typical acute-phase protein in
rats [17,18]. In our study groups, KIM-1 levels were higher in
rats treated with CyA and lower in rats treated with rapamycin.

ANIMAL STUDY

KIM-1 in plasma is very sensitive and is a specific marker of
acute kidney damage in many rat models (e.g., streptozotocin-
induced diabetic nephropathy) [19]. KIM-1 is a marker of kid-
ney damage, especially for the proximal tubule, and is useful
in the monitoring of acute kidney damage, as well as in renal
diseases characterized by interstitial fibrosis and primary and
secondary glomerulonephritis [20].

We found that higher release of 170-kDa protein and KIM-1
concentration in rat plasma was associated with cyclosporine
A treatment compared to rapamycin. Although histopathol-
ogy of kidneys did not show significant differences between
study groups, we think our finding is interesting. The limita-
tion of this is that alpha-2 macroglobulin synthesis also in-
creases as rats age [21]. Our experiment was terminated when
our rats were 9 months old; the average lifetime of a Wistar
rat is 24-36 months.

Another interesting finding in our study was the multiple neg-
ative correlations between MCP-1 and 37-kDa, 120-kDa, and
146-kDa protein (p <0.001). MCP-1 positively correlated only
with the 210-kDa protein (p<0.01). This negative correlation
may indicate the strong effect of rapamycin on decreased MCP-1
synthesis and increased production of other proteins in our
study groups of rats compared to rats treated with tacrolimus.

The meaning of this finding is unknown because there are no
relevant studies for comparison.

MCP-1 influences the activation and migration of monocytes,
macrophages, and T lymphocytes into the tubulo-interstitial
space of kidneys and plays an important role in renal fibro-
sis [22]. Wu et al. observed a decrease in the concentration of
MCP-1 after treatment with MMF (mycophenolate mofetil) [23].
In our study, in the experimental groups of rats, no effect of
MMF on the activity of MCP-1 was observed. The level of MCP-1
in rats treated with regimens based on rapamycin was signifi-
cantly lower in comparison to the groups without rapamycin.
In rats treated with regimens based on tacrolimus, significant-
ly higher MCP-1 was observed in comparison to the rats that
did not receive tacrolimus.

As in our study, Lui et al. demonstrated the influence of ra-
pamycin on the inhibition of MCP-1 expression in the kidneys
of mice, and Lee et al. experimentally confirmed, on endothelial
cells of the proximal tubules, that rapamycin inhibits stress in
the endoplasmic reticulum and indirectly reduces the expres-
sion of MCP-1 [24,25]. Moreover, Oliveira et al. found that ra-
pamycin inhibits the production of cytokines, including MCP-1,
much more strongly in comparison to MMF [26].

A 108-kDa protein (bone morphogenetic protein BMP-1, prob-
ably endothelial lipase) was present at both increased and
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decreased concentrations in rats treated with regimens based
on CyA and tacrolimus, respectively.

Shu et al. conducted an experiment in which CyA at a low
(5 mg/kg) or high (100 mg/kg) dose was administered to rats.
As compared to the control group, changes were only report-
ed in rats receiving higher dose of CyA. The authors found an
increased concentration of 2 plasma proteins: clusterin (51
kDa) and alpha-1 acid glycoprotein (23 kDa). As compared to
the control group, a decreased concentration of haptoglobin,
a plasma protein with a mass of 38 kDa, was reported [27].

Taking into account all correlations detected in the studied
groups of rats, we consider proteins with masses of 48 kDa,
146 kDa, and 170 kDa as the most promising to become nov-
el markers of toxicity in plasma during the course of immuno-
suppressive therapy in rats.
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Conclusions
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. Immunosuppressive drugs cause changes in the proteino-

gram of plasma proteins.

2.In the groups with regimens based on CyA, higher KIM-1
concentration was found and KIM-1 was positively corre-
lated to 170 kDa protein (alpha2-macroglobulin).

3. The use of rapamycin was associated with decreased concen-
trations of MCP-1 in plasma and MCP-1 in plasma was neg-
atively correlated to 37-kDa, 120-kDa, and 146-kDa proteins

4. The strongest effect on plasma proteins in rats was shown

by regimens based on rapamycin; intermediate, weak, and

the weakest effects were reported for regimens based on

CyA, tacrolimus, and MMF, respectively.
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