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Abstract. The activation of Ras-related C3 botulinum toxin
substrate 1 (Racl) is critical in the renal, hepatic and cardiac
diseases that lead to the requirement for transplantation,
however, no investigations have been performed in Chinese
populations to determine the association between RAC/ geno-
types and the activation of Racl. In the present study, 304 solid
organ transplant recipients (SOTRs), consisting of 164 renal
transplantations, 85 hepatic transplantations and 55 cardiac
transplantations, and 332 Chinese healthy control subjects
were recruited to investigate whether differences existed
in the mRNA and protein expression levels of Racl in the
different groups. Furthermore, the present study identified and
investigated associations of the RACI (rs702482, rs10951982,
15702483 and rs6954996) genotypes with the mRNA expres-
sion levels of RAC/, and the protein expression levels of total
Racl and active Racl-guanosine triphosphatase (GTP). It
was identified that the healthy population had significantly
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higher levels of Racl and Racl-GTP, compared with the
kidney, liver and heart transplantation populations (P<0.001
for all comparisons). Significant associations (P<0.05) were
observed between the RACI genotypes and the expression
levels of mRNA, Racl and Racl-GTP. However, the changes
in the mRNA expression levels of RACI with genotypes were
different from those of the proteins. The results of the present
study represent the first, to the best of our knowledge, to report
that Racl and Racl-GTP proteins can be downregulated in
SOTRs, and that RACI genetic polymorphisms can poten-
tially affect the mRNA expression of RAC/, and the protein
expression of Racl and Racl-GTP. These results provide a
foundation for further functional investigations to determine
the biological and molecular functions of the RACI gene in
SOTRs.

Introduction

The Ras-related C3 botulinum toxin substrate 1 (Racl)
protein, encoded by the RAC! gene, is a 21 kDa member of the
Rho family of small guanosine triphosphatases (GTPases), and
can cycle between an inactive guanosine diphosphate-bound
state and an active GTP-bound (Racl-GTP) state under the
regulation of guanine nucleotide exchange factors (1). In
its active GTP-bound state, Racl binds specifically to the
p21-binding domain of p21-activated protein kinase to control
downstream signaling cascades (2,3). Racl, as with other
small GTPases, depends on the active GTP-bound state and
is important in regulating several cellular processes, including
cell-cell adhesion and epithelial-mesenchymal transition (4),
meiosis and mitosis (5), cell Ras-mediated transformation (6),
spreading and membrane ruffling (7), B-cell development
and signaling (8), cross-talk with oncogenes (9) and reactive
oxygen species (ROS) production (10,11). In addition, Racl is
known as a key regulator of a broad spectrum of transcription
factors, including nuclear factor-«kB, activating transcription
factor 2, c-Jun and small mothers against decapentaplegic
proteins (12-14).

The human RACI gene is located on chromosome 7p22
and its structure has been described in full by Matos et al (15).
Single nucleotide polymorphisms (SNPs) are the most
common form of genetic polymorphism and account for >90%
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of genetic variations (16). It is known that certain genetic
variations can alter gene transcription and mRNA expression,
which may transform the activity of proteins. The majority of
these proteins are enzymes involved in several pathways and
can alter susceptibility to diseases and drugs (6,17-19). There
are 2,061 SNPs in the human RAC! gene, which have been
found and named in the National Center for Biotechnology
Information database (http:/www.ncbi.nlm.nih.gov/snp). It
has been reported that the RACI gene SNP, rs10951982 (G/A),
is significantly associated with ulcerative colitis (17), and a
previous study revealed that rs836478 (C/T) and rs10951982
(G/A) SNPs in the RACI gene are associated with higher levels
of biomarkers, including interleukin 6, metalloproteinase-9
and plasminogen activator inhibitor-1, which may be connected
with the development and progression of hypertension (18).
It has also been suggested that polymorphisms of the RAC/
gene represent a possible additional mechanism contributing
to inter-individual differences in the therapeutic effect of
thiopurine drugs (19), which are widely used in the treatment
of inflammatory bowel diseases (IBDs) (20), or as immuno-
suppressive agents in organ transplantation (21). RACI genetic
polymorphisms have been reported to be involved in the
development of IBDs, including ulcerative colitis and Crohn's
disease (17,22).

Epidemiological studies have consistently shown that
several diseases in the kidney, liver and heart are associ-
ated with levels of Racl (23-27). In the kidney, it has been
reported that Racl activation is associated with podocyte
foot process effacement, leading to an increase in glomerular
permeability and proteinuria (23,24). The increased expres-
sion of Racl-GTP has been shown in the glomeruli of rats
with podocyte-specific overexpression of angiotensin II type I
receptor, a model of effaced foot processes, podocyte depletion
and focal segmental glomerular sclerosis (FSGS) (28,29). In
the liver, it has been found that a reduction in Racl activation
reduced diethylnitrosamine (DEN)-induced formation of liver
tumors, and that Racl can affect the basal and DEN-induced
expression of metabolic liver enzymes (27). In the heart,
it has been reported that Racl may be associated with the
development of cardiovascular damage and salt-sensitive
hypertension, which may be due to a crosstalk effect between
Racl and mineralocorticoid receptor activation independent
of aldosterone (18-31). Therefore, patients with kidney, liver or
heart transplantats were included in the present study as case
groups. It is reasonable to suggest that polymorphisms of the
RACI gene may be implicated in organ transplantation treated
with thiopurine drugs, including azathioprine, 6-thioguanine
and 6-mercaptopurine. However, the associations of RAC/
gene polymorphisms with the mRNA expression of RACI,
and the protein expression levels of total Racl and Racl-GTP
have not been investigated. In addition, no investigations have
been performed to compare patients treated with kidney, liver
or heart transplantation and healthy populations to examine
differences in RACI genotyping and the expression levels of
RACI mRNA and the Racl protein it encodese in the popula-
tion groups.

In our previously reported studies (32,33), eight SNPs in
the human RACI gene were examined, and no significant
differences in genotype or allele frequencies were found
between healthy controls and renal transplant patients.
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Furthermore, four tag-SNPs (rs702482, rs10951982, rs702483,
and rs6954996) were identified in the previous studies. In
the present study, healthy control subjects and patients with
kidney, liver or heart transplantation were recruited, and the
genotyping and identification of four tag-SNPs (rs702482,
rs10951982, rs702483, and rs6954996) in the RACI gene were
performed. In addition, the expression levels of mRNA, and
the protein levels of the total Racl and Racl-GTP encoded by
the RACI gene, were investigated in all the recruited subjects.

The aim of the present study was to investigate whether
differences exist in the mRNA expression levels of RACI, and
in the expression of proteins encoded by the RACI gene in
the different population subgroups. Particular emphasis was
focussed on the associations between the RACI genotypes and
the expression levels of the mRNA and proteins of Racl.

Materials and methods

Subjects. A total of 304 solid organ transplant recipients
(SOTRs), consisting of 164 kidney transplantations, 85 liver
transplantations and 55 heart transplantations, who were
receiving azathioprine and cyclosporine immunosuppres-
sant treatment, were recruited between March and May 2014
from the Department of Organ Transplantation Center of
Union Hospital and Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology (Wuhan,
China). All donor organs (kidney, liver and heart) were
retrieved from the Accident and Emergency Department and
intensive care units of the Union Hospital (Wuhan, China) and
Tongji Hospital (Wuhan, China). Donor eligibility screening
and assessment did not reveal any contraindications to trans-
plantation, and the patient's family agreed to organ donation. In
addition, a total of 332 ethnically and geographically matched
healthy Chinese Han subjects were enrolled at Union Hospital
(Wuhan, China) during the same period of time. All subjects
enrolled in the present study met the following criteria: i) Body
mass index between 18.5 and 24.9 kg/m?; ii) age range between
20 and 60 years; iii) subjects in good health, as determined by
complete physical examination, 12-lead electrocardiograms,
chest X-ray, routine laboratory assessments, including routine
hematology, blood chemistry and urine analyses, and negative
pregnancy test results. In the SOTRs, the clinical data regarding
the dose and duration of immunosuppressant administration,
adverse drug reactions and laboratory data were assessed
by screening of the patients' medical records. The study
protocol was approved by the independent ethics committee
of Tongji Medical College, Huazhong University of Science
and Technology [Wuhan, China; approval no. (2012)S019]. All
associated procedures were performed in accordance with the
principles of the Declaration of Helsinki. All subjects were
informed of the investigational nature of the study and signed
informed consent prior to any screening procedure.

RNA and DNA extraction. Blood samples (~2 ml) were
collected from the forearm vein into EDTA-treated Vacutainer
tubes. Then 250 ul EDTA-treated blood was transferred into a
clean tube and mixed with 750 1 TRIzol for the RNA extrac-
tion. The remaining blood sample was centrifuged at 1,000 x g
for 10 min at 4°C to separate plasma and white blood cells
for the measurement of Racl and Racl-GTP levels and DNA
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Table I. Primer sequences for genotyping Ras-related C3 botulinum toxin substrate 1 SNPs.

dbSNP ID Mutation Area Location Primer
rs702482 T>A Intron 1 Chr7.6420199 F: 5-AAAAGTTTGGAGTTGGGCTAAGT-3'
R:5'-AGACATGATAAAGCAAATACAGCAA-3'
rs10951982 G>A Intron 1 Chr7.6422556 F: 5'-ATGGCAAAACCCTGTCTCTACTG-3'
R: 5-GAAACGAACATGAGTCGGCTG-3'
rs702483 G>A Intron 2 Chr7.6426941 F: 5'-TCCTGGAGAATATATCCCTACTGTG-3'
R:5'-GCCTCAGTCTCCCAAAGTGC-3'
16954996 G>A Intron 4 Chr7.6441258 F: 5-CAGTGGAGATAATAGCGGCAGAC-3'

R:5-TCCTTCACCTAAATCACACCCAG-3'

SNP, single nucleotide polymorphism; F, forward; R, reverse.

extraction, respectively. Total RNA extraction and isolation
from the TRIzol-treated whole blood samples were performed,
according to standard procedures. The genomic DNA was
extracted according to the manufacturer's protocol. Total RNA
and DNA were quantified using a Nanodrop 1000 spectropho-
tometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA).
The extracted total RNA and genomic DNA samples were
stored at -80°C until processing for further analysis.

Genotyping and sequencing. Genotyping was performed using
a total volume of 10 ul, containing 5 1 TagMan® Genotyping
Master Mix (Life Technologies Grand Island, NY, USA),
1 ul TagMan® SNP Genotyping Assay (Life Technologies),
2 ul extracted genomic DNA and 2 ul deionized water. The
sequences of the primers for the four tag-SNPs are presented
in Table I.

The polymerase chain reaction (PCR) cycling condi-
tions were as follows: Initial denaturation at 95°C for 4 min,
followed by 40 cycles of denaturation at 94°C for 30 sec,
annealing at 60°C for 1 min, extension at 72°C for 30 sec and
a final extension step at 72°C for 10 min. The amplifications
were performed using a 7900HT Fast Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). Data
acquisition and analyses were performed using SDS v2.3
Allelic Discrimination software (Applied Biosystems; Thermo
Fisher Scientific, Inc.). Direct sequencing was performed to
confirm the genotyping accuracy. In total, five cases of each
genotype were detected using a BigDye Terminator v3.1 cycle
sequencing kit and an ABI 3130 genetic analyzer (Applied
Biosystems; Thermo Fisher Scientific, Inc.).

Reverse transcription-quantitative PCR (RT-qPCR) and cDNA
sequencing. Total RNA was transcribed into cDNA using a
PrimeScript™ RT reagent kit with gDNA FEraser (Takara Bio,
Inc., Tokyo, Japan), according to the manufacturer's protocol.
RT-qPCR analyses were performed in triplicate, using [3-actin
for normalization. SYBR® Premix Ex Taq™ II (Tli RNaseH
Plus; Takara Bio, Inc.) was for the amplification of cDNA. The
sequences of the primers used for RT-qPCR were designed and
synthesized by Takara Bio., Inc., as follows: [3-actin, forward
5'"TGGCACCCAGCACAATGAA-3' and reverse 5'-CTAAGT
CATAGTCCGCCTAGAAGCA-3"; RACI, forward 5'-GCG

TTGCCATTGAACTCACC-3' and reverse 5-GAGCTGCTA
CGCTCACTCCATTAC-3". qPCR for RNA expression was
performed on a 7900HT Fast Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using a total
volume of 10 ul, containing 5 1 SYBR® Premix Ex Taq™ (2X;
Takara Bio, Inc.), 0.2 ul ROX reference dye (50X; Takara Bio.,
Inc.), 3.4 ul sterile water (Takara Bio., Inc.), 0.2 ul forward
primer, 0.2 ul reverse primer and 1 ul cDNA. The RT-qPCR
conditions comprised a holding stage (95°C for 30 sec), cycling
stage (95°C for 5 sec and 40 cycles at 60°C for 30 sec) and
melt curve stage (95°C for 15 sec, 60°C for 1 min and 95°C for
15 sec). The amplifications were performed using the 7900HT
Fast Real-Time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc.).

Enzyme-linked immunosorbent assay (ELISA). The protein
levels of total Racl and Racl-GTP were evaluated in the
serum samples from all participants using the Racl/Racl-GTP
ELISA kit (Elabscience Biotechnology Co., Ltd., Wuhan,
China), according to the manufacturer's protocol. According
to the results of the preliminary experiment, 10X dilutions of
the serum samples were used for the assaying of Racl, and
5X dilutions of the serum samples were used for the assaying
of Racl-GTP. The assays of the protein levels of Racl and
Racl-GTP were performed in triplicate, and a separate stan-
dard curve was established for each assessment on different
days or using ELISA kits with different batch numbers.

Statistical analysis. Statistical analyses were performed
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA), and
P<0.05 was considered to indicate a statistically significant
difference for all analyses. The allele and genotype frequen-
cies were calculated by direct counting and were assessed
tested for significant deviation from Hardy-Weinberg
equilibrium using a goodness-of-fit % test. Linkage disequi-
librium analysis between the different pairs of SNPs was
performed using the Haploview version 4.2 software package
(Broad Institute of Massachusetts Institute of Technology
and Harvard University, Cambridge, MA, USA). Skewed
data are presented as the mean + standard deviation of
log-transformed values in text and box-and-whisker plots in
figures. The distributions of characteristics between cases
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Table II. Demographic characteristics and laboratory findings.
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Cases
Renal transplantation ~ Liver transplantation ~ Heart transplantation =~ Healthy control
Characteristic (n=164) (n=85) (n=55) (n=332) P-value
Age (years, mean + SD) 43.1x11.2 45.0+£12.0 43.0+12.0 450+12.3 0.782*
Gender 0.898°
Male; n (%) 104 (63.41) 55 (64.71) 34 (61.82) 211 (63.55)
Female; n (%) 60 (36.59) 30 (35.29) 21 (38.18) 121 (36.45)
1s702482; n (%) 0.181¢
A 143 (43.60) 71 (41.76) 36 (32.73) 290 (43.67)
T 185 (56.40) 99 (58.24) 74 (67.27) 374 (56.33)
AA 40 (24.39) 16 (18.82) 3 (5.45) 77 (23.19) 0.082¢
AT 63 (38.41) 39 (45.88) 30 (54.55) 136 (40.96)
TT 61 (37.20) 30 (35.29) 22 (40.00) 119 (35.84)
rs10951982; n (%) 0.079¢
A 80 (24.39) 54 (31.76) 20 (18.18) 168 (25.30)
G 248 (75.61) 116 (68.24) 90 (81.82) 496 (74.70)
AA 17 (10.37) 17 (20.00) 3 (5.45) 44 (13.25) 0.218¢
AG 46 (28.05) 20 (23.53) 14 (25.45) 80 (24.10)
GG 101 (61.58) 48 (56.47) 38 (69.09) 208 (62.65)
rs702483; n (%) 0.250¢
A 279 (85.06) 151 (88.82) 89 (80.91) 554 (83.43)
G 49 (14.94) 19 (11.18) 21 (19.09) 110 (16.57)
GG 4 (2.44) 2 (2.35) 2 (3.64) 17 (5.12) 0.3744
AG 41 (25.00) 15 (17.65) 17 (30.91) 76 (22.89)
AA 119 (72.56) 68 (80.00) 36 (65.45) 239 (71.99)
1$6954996; n (%) 0.772¢
A 49 (14.94) 24 (14.12) 20 (18.18) 108 (16.27)
G 279 (85.06) 146 (85.88) 90 (81.82) 556 (83.73)
AA 5(3.05) 4(4.71) 3 (5.45) 17 (5.12) 0.8944
AG 39 (23.78) 16 (18.82) 14 (25.45) 74 (22.29)
GG 120 (73.17) 65 (76.47) 38 (69.09) 241 (72.59)

“Differences in age distribution, determined by %>. "Gender differences determined by >. “Differences in allele distribution, determined by .

dDifferences in genotype distribution, determined by %>

and controls were evaluated using a ¥’ test for categorical
variables or using one-way analysis of variance (ANOVA)
followed by Tukey's post-hoc test for continuous variables.
To analyze the effects of the four specific tag-SNPs on the
formation and development of kidney, liver or heart failure,
risk analysis modelling was used to calculate the odds ratios
(ORs) and 95% confidence intervals (CIs).

Results

Demographic characteristics and laboratory results. The
demographic characteristics of the subjects involved in the
present study are summarized in Table II. The characteristics
of the patients were based on data collected retrospectively
from medical records. No significant differences in age strati-
fication or gender ratio were found in either group (P>0.05).

Genotyping and identification of RACI gene polymorphisms.
The four tag-SNPs in RAC! gene were successfully genotyped
using TagMan technology. No pairwise linkage disequilib-
rium was found in the four tag-SNPs (+?<0.3). The allele and
genotype frequencies were calculated by direct counting and
goodness-of-fit i tests, the results of which showed that there
were no significant differences in any of the SNPs among the
transplant and control groups (P>0.05; Table II).

For the analysis of individual SNPs, dominant model
(heterozygotes plus minor allele homozygotes vs. major
allele homozygotes), recessive model (minor allele homo-
zygotes vs. major allele homozygotes plus heterozygotes)
and over-dominant model (minor allele homozygotes plus
major allele homozygotes vs. heterozygotes) were used in the
present study (Table III). No significant differences in the
genotype or allele frequencies of rs10951982, rs702483 and
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Table III. Genotype distribution of the Ras-related C3 botulinum toxin substrate 1 gene in transplantation cases and healthy
controls.

Heart transplantation, vs.
healthy control

Liver transplantation, vs.
healthy control

Renal transplantation, vs.
healthy control

SNP P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)
rs702482
TT+AT, vs. AA 0.768 0.936 (0.604, 1.451) 0.388 1.302 (0.714,2.374) 0.003 5.234 (1.590, 17.228)
TT, vs. AA+AT 0.768 1.060 (0.719, 1.563) 0.925 0.976 (0.593, 1.607) 0.553 1.193 (0.665,2.140)
AA+TT, vs. AT 0.586 1.112 (0.758,1.632) 0412 0.818 (0.507, 1.322) 0.059 0.578 (0.326, 1.027)
rs10951982
AA+AG,vs.GG 0.818 1.046 (0.712, 1.538) 0.296 1.293 (0.798, 2.096) 0.358 0.750 (0.406, 1.386)
AA,vs. GG+AG 0.357 0.757 (0418, 1.371) 0.116 1.636 (0.881,3.039) 0.101 0.378 (0.113,1.262)
AA+GG,vs. AG 0.341 0.814 (0.533,1.244) 0913 1.032 (0.589, 1.808) 0.828 0.930 (0.482,1.793)
rs702483
GG+AG, vs.AA 0.893 0.972 (0.640, 1.477) 0.135 0.642 (0.359, 1.151) 0.322 1.356 (0.741,2.484)
GG, vs. AA+AG 0.163 0.463 (0.153, 1.400) 0.275 0446 (0.101, 1.971) 0.637 0.699 (0.157,3.114)
GG+AA,vs.AG 0.603 0.891 (0.576, 1.378) 0.296 1.385 (0.750, 2.559) 0.197 0.664 (0.355,1.242)
rs6954996
AA+AG,vs.GG 0.891 0.971 (0.637, 1.480) 0.470 0.815 (0.467,1.421) 0.592 1.185 (0.637,2.204)
AA,vs. GG+AG 0.292 0.583 (0.211, 1.608) 0.876 0.915 (0.300,2.794) 0914 1.072 (0.304, 3.788)
AA+GG,vs.AG 0.709 0.919 (0.590, 1.431) 0.488 1.237 (0.677,2.259) 0.604 0.840 (0.434,1.624)
SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
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Figure 1. Expression levels of RACI mRNA, total Racl and Racl-GTP in transplant cases and healthy controls. (A) Relative mRNA levels of RACI. (B) Levels
of total Racl. (C) Levels of Racl-GTP. For multiple comparisons, one-way analysis of variance following log-transformation, followed by Tukey's post-hoc test,
was performed for each group. ‘P<0.05, “P<0.01 and ““P<0.001. Racl, Ras-related C3 botulinum toxin substrate 1; Racl-GTP, Racl-guanosine triphosphatase;
KT, kidney transplantation; LT, liver transplantation; HT, heart transplantation.

156954996 were observed between the transplant cases and
healthy control (P>0.05). However, TT+AT in rs702482 was
distributed differentially (OR=5.234; 95%CI=1.590-17.228;
P=0.003), compared with AA in rs702482 between the heart
transplantation cases and the healthy control.

Relative quantification of mRNA levels. In order to inves-
tigate differences in the mRNA expression levels of RAC/
between the transplantation cases and healthy controls, the

present study performed RT-qPCR analyses to measure
the mRNA expression levels in all the recruited subjects.
The RACI gene and the reference gene, -actin, were all
amplified fully and successfully under the final RT-qPCR
reaction systems and conditions. The relative mRNA levels
of RACI among groups were compared by one-way ANOVA
following log-transformation, followed by Tukey's post-hoc
test, however, no significant differences were found (P>0.05;
Fig. 1A).
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Figure 2. Association analysis of RAC! genotypes with mRNA expression levels. (A) Association analysis of rs702482 genotypes with mRNA levels; (B) asso-
ciation analysis of rs10951982 genotypes with mRNA levels; (C) association analysis of rs702483 genotypes with mRNA levels; (D) association analysis of
1$6954996 genotypes with mRNA levels. For multiple comparisons, one-way analysis of variance following log-transformation, followed by Tukey's post-hoc
test, was performed for each group. ‘P<0.05 and “P<0.01. Racl, Ras-related C3 botulinum toxin substrate 1; KT, kidney transplantation; LT, liver transplanta-

tion; HT, heart transplantation.

Expression levels of total Racl and Racl-GTP. The protein
levels of total Racl and Racl-GTP among the groups were
compared using one-way ANOVA following log-transforma-
tion, followed by Tukey's post-hoc test. As shown in Fig. 1B
and C, the highest levels of total Racl and Racl-GTP were found
in the healthy control group (2.54+0.20 and 2.31+0.20 ng/I,
respectively), compared with those in the kidney transplant
group (2.32+0.13 and 2.02+0.19 ng/1, respectively), liver trans-
plant group (2.34+0.08 and 2.05+0.10 ng/l, respectively) and
heart transplant group (-2.42+0.20 and 2.10+0.15 ng/1, respec-
tively; P<0.001 for all comparisons). However, no significant
differences (P>0.05) were found when the levels of total Racl
and Racl-GTP were compared among the three transplant
groups.

Association between RACI genotypes and mRNA levels. The
present study also investigated the association between the
RACI genotype and relative mRNA levels in the examined
populations, and significant differences were noted, as shown
in Fig. 2. Significant associations (P<0.05) were observed
between the rs702482, rs702483 and rs6954996 genotypes

and the relative quantification levels of mRNA in the healthy
control group. For rs702482, the relative mRNA levels were
lowest in the TT genotype (-2.12+0.47; mean + standard
deviation), compared with the AA genotype (-1.93+0.57)
and AT genotype (-1.94+0.55), respectively (P<0.01). For
rs702483, the relative mRNA levels were lowest in the GG
genotype (-2.35+0.24), compared with the AA genotype
(-2.00+0.53) and AG genotype (-1.98+0.55), respectively
(P<0.01). For rs6954996, the relative mRNA levels were
highest in the GG genotype (-1.97+0.55), compared with the
AG genotype (-2.10+0.46) and AA genotype (-2.26+0.41),
respectively (P<0.05). In the kidney transplant group the
mRNA level was highest in the AA genotype (-1.65+0.69),
compared with the AG genotype (-1.99+0.51; P<0.05) and
GG genotype (-2.04+0.44, P<0.01) of rs10951982, respec-
tively. In the liver transplant group, the mRNA level was
highest in the AA genotype (-1.58+0.61), compared with the
AG genotype (-2.02+0.39) and GG genotype (-1.93+0.42)
of rs10951982 (P<0.05), respectively. Additionally, in the
heart transplant group, the mRNA level was highest in GG
genotype (-1.53+0.73), compared with the AG genotype
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Figure 3. Association analysis of RACI genotypes with expression levels of total Racl. (A) association analysis of rs702482 genotypes with levels of total Racl;
(B) association analysis of rs10951982 genotypes with levels of total Racl; (C) association analysis of rs702483 genotypes with levels of total Racl; (D) associa-
tion analysis of 1s6954996 genotypes with levels of total Racl. For multiple comparisons, one-way analysis of variance following log-transformation, followed
by Tukey's post-hoc test, was performed for each group. "P<0.05 and “"P<0.01. Racl, Ras-related C3 botulinum toxin substrate 1; KT, kidney transplantation;

LT, liver transplantation; HT, heart transplantation.

(-2.09+0.38; P<0.05) and AA genotype (-2.16+0.33; P<0.01)
of rs702483, respectively.

Association between the RACI genotype and the levels of
total Racl and Racl-GTP. The present study examined
the association between the RACI genotype and the levels
of total Racl in the study populations, which are listed in
Fig. 3. Significant associations were found in rs702483 in
the healthy control group, in which the level of total Racl
was highest in the GG genotype (2.70+0.25 ng/1), compared
with the AG genotype (2.56+0.21 ng/l) and AA genotype
(2.53+£0.19 ng/l), respectively (P<0.01). In rs6954996,
the level of total Racl was highest in the AA genotype
(2.68+0.17 ng/l), compared with the AG (2.52+0.21 ng/l)
and GG genotype (2.54+0.19 ng/l), respectively (P<0.01).
In the kidney transplant group, a significant difference was
also apparent in rs702482, in which the level of total Racl
was lowest in the AA genotype (2.28+0.12 ng/l), compared
with the AT genotype (2.35+0.13 ng/l) and TT genotype
(2.33+0.13 ng/1), respectively (P<0.05).

The association between the RACI genotype and the levels
of Racl-GTP in the study populations are listed in Fig. 4. As
with the levels of total Racl, significant associations were found
in the healthy control group in rs702482, in which the level of
Racl-GTP was highest in the AT genotype (2.36+0.22 ng/l),
compared with the AA genotype (2.29+0.18 ng/l) and
TT genotype (2.28+0.20 ng/l), respectively (P<0.05). In
rs10951982, the level of Racl-GTP was lowest in the AA
genotype (2.23+0.16 ng/l), compared with the AG genotype
(2.33+0.23 ng/l) and GG genotype (2.32+0.20 ng/l), respec-
tively (P<0.05).

Discussion

The present study was the first, to the best of our knowledge, to
investigate and compare the mRNA expression levels of RAC/,
and the protein levels of total Racl and Racl-GTP in SOTRs
and Chinese healthy subjects, and to determine the associa-
tions between RACI gene polymorphisms and the expression
levels of RACI, Racl and Racl-GTP.
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The results of the present study, which consisted of
304 SOTRs comprising 164 kidney transplantations, 85 liver
transplantations and 55 heart transplantations, and 332 healthy
Hubei Chinese control subjects, demonstrated that the healthy
population had higher levels of total Racl and Racl-GTP,
compared with the kidney, liver and heart transplant cases
(P<0.001). It has been suggested that alterations of the RAC/
gene, through impairment of its activity, may affect suscep-
tibility to diseases, including renal failure, cardiac failure
and hypertension (34). It is known that activated Racl can
increase cell proliferation and differentiation, and inhibiting
cell apoptosis at the same time (4-11). It has been reported
that ~20% of tumors grow in Racl-proficient mice, exhibiting
overexpression of Racl in tumor tissue, compared with the
surrounding normal tissue (27), which is in accordance with
reports showing overexpression of Racl protein in different
types of human tumor (35,36). As Racl-GTP protein is the
active form of Racl, increased expression of Racl-GTP has
been shown in the glomeruli of rats with podocyte-specific

overexpression of the AT1 receptor, a model of effaced foot
processes, podocyte depletion and FSGS (28,29). Decreased
expression of Racl-GTP reduces the DEN-induced formation
of liver tumors and affects the basal and DEN-induced expres-
sion of metabolic liver enzymes (27).

Extensive investigations have been performed to
examine changes in the immune response gene expression
profile in allograft recipients. It has been reported that these
genes, involved in variant recognition, antigen-presenting
synthesis, signal transduction, and the regulation of protein
transcription and translation are downregulated following
transplantation, including protein tyrosine phosphatase type
IVA 1 (PTP4AI) (37) and potassium voltage-gated channel
subfamily Q member 3 (KCNQ3) (38). As with other downreg-
ulated genes, the RAC! gene is also involved in anti-apoptosis,
signal transduction, and the regulation of cell cycle and
proliferation. The present study demonstrated that the RACI
gene was downregulated following organ transplantation, as
observed for the PTP4AI1 and KCNQ3 genes. The changes



in the immune response gene expression profile in allograft
recipients are not only due to regulations of autoimmunity, but
also occur in the use of exogenous immune inhibitors. Studies
have shown that azathioprine exerts its immunosuppressive
activity via the inhibition of Vav-mediated Racl activation,
and consecutively suppresses the functions of Racl on T cell
survival and T-cell-antigen-presenting cell conjugation (39,40).

The present study further analyzed the expression levels
of RACI mRNA and its protein in different genotypes. For
rs702482 in the healthy control group, the mRNA expression
levels were lowest in the TT genotype (-2.12+0.47), compared
with AA (-1.93+0.57) and AT (-1.94+0.55), respectively
(P<0.01), whereas the level of Racl-GTP was highest in
the AT genotype (2.36+0.22 ng/l), compared with the AA
(2.29+0.18 ng/l) and TT genotypes (2.28+0.20 ng/l) respec-
tively (P<0.05). For rs702483 in the healthy control group,
the relative level of mRNA was lowest in the GG genotype
(-2.35+0.24), compared with the AA (-2.00+£0.53) and AG
genotypes (-1.98+0.55), respectively (P<0.01), whereas
the level of total Racl was highest in the GG genotype
(2.70+0.25 ng/1), compared with the AG (2.56+0.21 ng/l) and
AA genotypes (2.53+0.19 ng/l), respectively (P<0.01). For
156954996 in the healthy control group, the relative level of
mRNA was highestin the GG genotype (-1.97+0.55),compared
with the AG (-2.10+0.46) and AA genotype (-2.26+0.41),
respectively (P<0.05), whereas the level of total Racl was
highest in the AA genotype (2.68+0.17 ng/l), compared with
the AG (2.52+0.21 ng/l) and GG genotypes (2.54+0.19 ng/l),
respectively, (P<0.01). The differences in the relative mRNA
levels of RACI in the genotypes were different from those
of the proteins. It was difficult to determine the association
between the mRNA levels of RACI and its protein. This
may due to the complex regulatory mechanism of protein
expression. In addition to mRNA, several factors can affect
protein expression and activity, including ROS (41), shear
stress (42), mechanical stretch (43), integrins (44), inflamma-
tory cytokines (45), growth factors (46), homocysteine (47),
high glucose concentrations (48,49), NaCl or osmotic
stress (50-53), aldosterone (10,54) and angiotensin II (55-57).

In conclusion, the present study constitutes the first, to
the best of our knowledge, to report that the expression levels
of total Racl and Racl-GTP were downregulated in SOTRs,
and that the RACI genetic polymorphisms potentially
affects the expression levels of RAC/ mRNA, and Racl and
Racl-GTP proteins. However, it is difficult to conclude the
exact contribution of RACI polymorphisms to the protein
levels of Racl and Racl-GTP due to the selection of SNPs
and the limited number of subjects. Further gene functional
investigations are urgently required to confirm and clarify
these preliminary data. The present analyses provide a
foundation for further functional investigations to reveal the
biological and molecular functions of the RACI gene in solid
organ transplantation.
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