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Abstract: Purpose: Rhabdomyolysis is a threatening syndrome because it causes the breakdown of skeletal muscle. 
Muscle destruction leads to the release of myoglobin, intracellular proteins, and electrolytes into the circulation. The 
aim of this study was to investigate the differences in gene expression profiles and signaling pathways upon rhabdo-
myolysis-induced acute kidney injury (AKI). Methods: In this study, we used glycerol-induced renal injury as a model 
of rhabdomyolysis-induced AKI. We analyzed data and relevant information from the Gene Expression Omnibus 
database (No: GSE44925). The gene expression data for three untreated mice were compared to data for five mice 
with rhabdomyolysis-induced AKI. The expression profiling of the three untreated mice and the five rhabdomyolysis-
induced AKI mice was performed using microarray analysis. We examined the levels of Cyp3a13, Rela, Aldh7a1, 
Jun, CD14. And Cdkn1a using RT-PCR to determine the accuracy of the microarray results. Results: The microarray 
analysis showed that there were 1050 downregulated and 659 upregulated genes in the rhabdomyolysis-induced 
AKI mice compared to the control group. The interactions of all differentially expressed genes in the Signal-Net were 
analyzed. Cyp3a13 and Rela had the most interactions with other genes. The data showed that Rela and Aldh7a1 
were the key nodes and had important positions in the Signal-Net. The genes Jun, CD14, and Cdkn1a were also 
significantly upregulated. The pathway analysis classified the differentially expressed genes into 71 downregulated 
and 48 upregulated pathways including the PI3K/Akt, MAPK, and NF-κB signaling pathways. Conclusion: The results 
of this study indicate that the NF-κB, MAPK, PI3K/Akt, and apoptotic pathways are regulated in rhabdomyolysis-
induced AKI.
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Introduction 

Rhabdomyolysis occurs when compression, 
exercise, fever, medication, or inflammation 
cause skeletal muscle destruction and disinte-
gration, which releases intracellular contents 
such as creatine kinase and myoglobin from 
myocytes into the circulation [1]. This destruc-
tion can cause coagulopathies, metabolic aci-
dosis, hypovolemia, electrolyte disturbances 
and myoglobinuric renal failure [2]. Acute kid-
ney injury (AKI) is a severe syndrome caused by 
rhabdomyolysis. The prognosis of this syn-
drome is poor after renal failure occurs. App- 
roximately 10-40% of rhabdomyolysis cases 

result in AKI, and these cases account for 
2-15% of all AKI cases [3].   

The decreased delivery of blood to the glomeru-
lus [4], reduced glomerular filtration rate [5], 
and the leakage of filtrate across a damaged 
tubular epithelium or tubular obstruction by 
myoglobin casts [6] may explain the pathophys-
iology of rhabdomyolysis-induced renal failure. 
The aggregation of renal tubular myoglobin con-
tributes to the combined effects of hypovole-
mia, aciduria, and direct cytotoxicity [6]. Myo- 
globin proteins are freely filtered by the glomer-
ulus, absorbed by tubular epithelial cells, and 
then degraded into heme and globin. These pig-
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ment molecules are directly toxic to tubular 
cells via the generation of oxygen free radicals 
and cast precipitation, which results in tubular 
obstruction. AKI is associated with rhabdomy-
olysis (RML) in one-third of patients with myo-
globinuria due to the oxidative stress and myo-
globin cast nephropathy [7, 8]. Although renal 
failure can be explained by the deposition of 
myoglobin in the kidney, the mechanism of how 
the deposition occurs has not been elucidated 
[9].

The advent of gene expression microarrays 
allows us to develop a more comprehensive 
understanding of the variations in some diseas-
es. A limited number of studies have utilized 
genome-wide technology to investigate chang-
es in gene expression and signal pathways in 
rhabdomyolysis-induced AKI. Therefore, we 
examined the differences in gene expression 
between normal and rhabdomyolysis-induced 
AKI using gene expression microarray analy- 
ses.

Materials and methods

Animal group data selection

Our data and related information can be 
accessed at the Gene Expression Omnibus 
database. The accession number is GSE44925. 
The following two groups of animals were used 
for microarray analyses: (1) controls, n = 3 
untreated mice; the GEO data set accession 
numbers are GSM1093973, GSM1093974, 
GSM1093975 and (2) AKI, n = 5 with rhabdo-
myolysis; the GEO data set accession num- 
bers are GSM1093979, GSM10939780, GSM- 
10939781, GSM10939782, and GSM1093- 
9783. To induce AKI, we injected 50% glycerol 
(0.05 mL per 10 g body weight) intramuscularly 
into the left hind limb under inhalation anesthe-
sia [10]. The control mice (n = 3) were com-
pared with the AKI mice (n = 5) at day 1. 

Differential gene expression data in rhabdomy-
olysis-induced AKI

The genes differentially expressed between 
normal and rhabdomyolysis-induced AKI tis-
sues were identified using the TwoClassDif 
method and Gene Ontology (GO)-Analysis. 
According to the Random Variance Model (RVM) 
t-test, we filtered the differentially expressed 
genes between the normal tissue and AKI 

groups. The RVM t-test was applied to filter the 
differentially expressed genes for the control 
and experimental groups because the RVM 
t-test can increase the degrees of freedom in 
small sample data sets. We selected the differ-
entially expressed genes according to the 
P-value threshold after the significance analy-
sis and FDR analysis were performed. A P-value 
< 0.05 was considered significant [11-13].

GO analysis was applied to analyze the main 
functions of the differentially expressed genes 
and is the key functional classification of NCBI. 
The GO analysis program can organize genes 
into hierarchical categories and identify gene 
regulatory networks based on the biological 
process and molecular function [14].

Differential pathway analysis based on micro-
array data

Pathway analysis was used to determine the 
pathways associated with the differentially 
expressed genes according to KEGG, Biocarta, 
and Reatome. We used the Fisher’s exact test 
and x2 test to select the significant pathways. 
The significance threshold was defined by the 
P-value and FDR. The enrichment value was 
calculated as previously described [15-17].

The Path-Net is the interaction net containing 
the pathways associated with the differentially 
expressed genes and was built according to the 
interactions among pathways of the KEGG 
database. The objective of building this net was 
to directly and systemically identify the interac-
tions between the pathways. This strategy sum-
marizes the pathway interactions associated 
with the differentially expressed genes in dis-
eases and can be used to evaluate why certain 
pathways are activated [16].

Signal-Net analysis

The gene-gene interaction network was con-
structed based on the differentially expressed 
gene data. The program allows users to build 
and analyze molecular networks and to con-
struct network maps. For example, if there is 
confirmed evidence that two genes interact, 
then an interaction edge is assigned between 
the two genes. The evidence source is com-
pared to the KEGG interaction database. The 
networks are stored and presented as graphs, 
and the nodes can be genes, proteins, com-
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pounds, etc. The edges represent relationships 
types between the nodes and may signify acti-
vation or phosphorylation. The graph nature of 
networks allowed us to investigate the data 
using powerful tools implemented in R. We 
were also able to search for differentially 
expressed genes. Two nodes were connected 
when their corresponding encoded gene prod-
ucts were either directly connected or indirectly 
connected by a linker gene in the interaction 
network. The network of each gene was mea-
sured by counting the numbers of upstream 
and downstream genes or binding genes, which 
were expressed as in-degree and out-degree or 
degree, respectively. A higher degree indicates 
that the gene is regulating or being regulated by 
a greater number of genes. Thus, a high degree 
implies that the gene has a more important role 
in the signaling network. A P-value < 0.05 was 
considered significant. Gene interactions were 
drawn based on the data [18-22].

Experimental animals and procedures

Eight- to twelve-week-old C57BL/6 male mice 
were provided by the Experimental Animal 
Center of the Academy of Military Medical 
Sciences. The mice were housed at a stable 
temperature and a 12 hour light/dark cycle. We 
provided adequate standard rodent chow and 
water. The animals were acclimated for seven 
days before initiating the experiment. All animal 
protocols were approved by the Animal Ethics 
Committee of the Chinese PLA General Hospital 
and Military Medical College. C57BL/6 mice 
were deprived of water for 24 hours and then 

Real-time PCR

The total cellular RNA was isolated using TRIzol 
(Invitrogen, Carlsbad, CA, USA). A TaqMan 
Reverse Transcription Kit (Applied Biosystems, 
Foster City, CA, USA) and a Gene Amp® PCR 
System 9700 platform (Applied Biosystems) 
were used to generate cDNA. The gene expres-
sion analysis was conducted by quantitative 
real-time PCR using SYBR Green Mastermix 
and a 7500 Real-time PCR System (Applied 
Biosystems). The results were analyzed using 
the 2 -ΔΔCT method and were normalized (n = 
10) to Gly-induced renal injury (n = 10). The 
primers are shown in Table 1.

Statistical analysis

All data are presented as the mean ± standard 
deviation. The statistical analyses were per-
formed using SPSS 17.0 statistical software 
(SPSS, Inc., Chicago, IL, USA). The significance 
of experimental differences between groups 
was evaluated using Student’s t-test. A P-value 
< 0.05 indicated a significant difference.

Results

The differences in gene expression profiles 
and signaling pathways upon rhabdomyolysis-
induced AKI

The DNA microarray data are shown in Table 2. 
There were 1709 genes upregulated or down-
regulated more than 1.5-fold compared with 
normal tissue. The genes were related to 129 

Table 1. Gene names and the primers in Real-time PCR
Gene 
Name Fw (5’→3’) Rev (5’→3’) Products 

length
Cyp3a13 CGCTTTGGTCCAGTGGGTAT CAGGGCTCGGATTCTCTTCC 78 bp
Rela GGATTCCGGGCAGTGACG CACGGCGCGCTAAAGTAAAG 81 bp
Aldh7a1 GAGCTCAGTATGTGGCGTGT CAGAGTAGACATGTGGGCGG 105 bp
Jun TGGGCACATCACCACTACAC TCTGGCTATGCAGTTCAGCC 90 bp
CD14 CCCTTGCCACCTTAGACCTG GGAACTTGCTCGGACACAGA 81 bp
Cdkn1a AGGCCACCATTTGAGGATGG CGCCTATGGAATGGCTTGGT 73 bp

Table 2. Overall differential gene expression profiles and signaling path-
ways in rhabdomyolysis-induced AKI

Number of significant 
differential genes

Number of significant 
differential pathways

Number of genes 
crosslink in Signal-Net

Group Upper Down Total Upper Down Total
AKI/normal 659 1050 1709 48 71 129 734

administered half the 
dose of glycerol (50% 
v/v in sterile saline) in 
each hindlimb muscle 
following mild sedation 
with pentobarbital. Our 
dose-dependent stud-
ies defined the optimal 
dose of glycerol as 8 
mL/kg body weight. 
Twenty male mice were 
randomly assigned to 
either the control group 
(control, n = 10), or glyc-
erol group (Gly, n = 10). 
The blood and kidney 
tissue were harvested 
for further processing 
24 h after rhabdomyo- 
lysis.
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signal pathways in rhabdomyolysis-induced AKI 
tissues. There were 734 differential pathways 
and crosslinked genes in the Signal-Net analy-
sis of rhabdomyolysis-induced AKI tissues com-
pared with that of normal tissue.

Differential gene expression profiles in rhabdo-
myolysis-induced AKI

The differences between the experimental 
group and control group were used to develop a 
clustering map by cluster analysis (Figure 1). 
The microarray analysis revealed changes in 
the expression of 1709 genes upon rhabdomy-
olysis-induced AKI, and there were 1050 down-
regulated genes and 659 upregulated genes. 
There are 10 significantly upregulated and 
downregulated genes, as shown in Tables 3 
and 4, respectively. A gene interaction network 
was constructed based on the genes expressed 
upon rhabdomyolysis-induced AKI (Figure 2). 
Cyp3a13 (upregulated), Rela (upregulated), and 
Aldh7a1 (downregulated) were the three main 
genes identified by the Signal-Net analysis. We 
found that Cyp3a13 and Rela had the most 
interactions with other genes in the gene pro-
files. Additionally, Rela and Aldh7a1 were the 
key nodes and had connections with many 
genes in the Signal-Net.

Differentially represented pathways in rhabdo-
myolysis-induced AKI

The signaling pathways implicated in rhabdo-
myolysis-induced AKI were analyzed based on 
the functions and interactions of the differen-
tially expressed genes. Figure 3 shows the 
interaction net for the pathways associated 
with differentially expressed genes in the  
Path-Net analysis. These interactions repre-
sent the pathways that are directly and sys- 
temically involved in rhabdomyolysis-induced 
AKI. 

As shown in Figure 3, the MAPK signaling pa- 
thway is the most significantly altered pathway 
in rhabdomyolysis-induced AKI, and it has an 
important position within the Path-Net. Fur- 
thermore, glycolysis, gluconeogenesis, pyru-
vate metabolism, and apoptosis pathways are 

Figure 1. Cluster map of differentially expressed 
genes in rhabdomyolysis-induced AKI. X axis, the 
name of sample groups; Y axis, differentially ex-
pressed genes (red shows upregulated, green shows 
downregulated).
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additional pathways involved in rhabdomyoly-
sis-induced AKI.

We also performed GO and KEGG pathway 
analyses to classify the genes that are differen-
tially expressed in rhabdomyolysis-induced 
AKI. The results indicated that 71 pathways 
were downregulated, and 48 pathways were 
upregulated. Figure 4 shows the signaling path-
ways involved in rhabdomyolysis-induced AKI. 
The pathways were then divided into upregu-
lated and downregulated pathways. 

As shown in Figure 4, metabolic pathways are 
both upregulated and downregulated. However, 
the downregulated metabolic pathways are 
more important. The MAPK signaling pathway 
is the most strongly upregulated pathway in 
rhabdomyolysis-induced AKI. The PI3K/Akt sig-

by a series of clinical and laboratory findings 
resulting from exposure to the lysis of striated 
muscle cells [23]. While technological advanc-
es enable treatments for many diseases, we 
will continue to encounter traumatic rhabdomy-
olysis as a result of wars, terror attacks, earth-
quakes, and other natural disasters [24]. Thus, 
studies examining the prevention of rhabdomy-
olysis-related organ damage and AKI will con-
tinue. Hypertonic glycerol injection in mice is an 
established method used to study the patho-
genesis of rhabdomyolysis-induced AKI [25]. 
Therefore, we also elected to use this method. 
Pronounced necrosis and cast formation in the 
tubules of the rhabdomyolysis group supported 
the development of rhabdomyolysis-induced 
AKI. 

The pathogenesis of rhabdomyolysis-induced 
AKI needs to be further studied. Myoglobulin 

Table 3. The top 10 differential upregulated genes expression in 
rhabdomyolysis-induced AKI

Gene Symbol P-value Mean of 
intensities: exp

Mean of 
intensities: con Fold-change

Mt2 < 1.0×10-7 13688.24 5088.42 2.69
Ptp4a1 4.0×10-7 2612.51 942.77 2.77
Cast 5.0×10-7 974.95 508.12 1.92
Cdkn1a 6.0×10-7 4171.6 316.51 13.18
Slc38a2 9.0×10-7 3913.48 1443.53 2.71
Lcn2 1.1×10-7 11277.44 381.88 29.53
Cd14 1.4×10-7 369.94 98.72 3.75
Serpina3n 1.9×10-6 2312.12 135.76 17.03
Mt1 2.9×10-6 5088.42 3128.59 2.85
Fosl1 3.0×10-6 1565.68 105.57 14.83

Table 4. The top 10 differential downregulated genes expression in 
rhabdomyolysis-induced AKI

Gene Symbol P-value Mean of 
intensities: exp

Mean of 
intensities: con Fold-change

Veph1 1.0×10-7 200.32 483.66 0.41
Mir681 8.0×10-7 114.69 320.21 0.36
Shank2 1.1×10-6 358.58 976.46 0.37
Ipcef1 1.1×10-6 52.94 181.24 0.29
Bbs9 1.4×10-6 326.17 532.6 0.61
Pcmtd2 1.6×10-6 273.71 569.91 0.48
Stard8 1.7×10-6 290.87 812.47 0.36
Mbtps1 1.8×10-6 416.48 727.95 0.57
6720456H20Rik 1.9×10-6 297.07 626.38 0.47
2310081J21Rik 2.1×10-6 83.45 173.2 0.48

naling pathway is the second 
most strongly upregulated 
pathway.

Use of an established glycer-
ol-induced AKI animal model 
for verification

We established a glycerol-
induced AKI animal model to 
investigate the accuracy of 
the microarray results. Gly- 
cerol administration resulted 
in significant increases in the 
serum creatinine (Scr) and 
blood urea nitrogen (BUN) lev-
els in the Gly group compared 
with the control group (Table 
5). We also examined the lev-
els of Cyp3a13, Rela, Aldh7a1, 
Jun, CD14, and Cdkn1a using 
RT-PCR. Our results showed 
that compared with the con-
trol group, the mRNA expres-
sion levels of Aldh7a1 were 
significantly decreased. The 
mRNA expression levels of 
Cyp3a13, Rela, Jun, CD14, 
and Cdkn1a were significantly 
increased (Figure 5).

Discussion 

Rhabdomyolysis causes high 
mortality and is accompanied 
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released from the lysed striated muscle cells 
reaches the tubules and produces casts by 
combining with Tamm-Harsfall protein. This 
process causes cast-dependent myoglobulin  
to increase nitric oxide (NO) consumption  
and vasoconstriction. Additionally, there are 
increases in the formation of reactive oxygen 
species (ROS) and a series of mechanisms 
involved in apoptosis have been implicated 
[26]. Studies have shown that apoptosis is acti-
vated by the activation of both the intrinsic and 
extrinsic apoptotic pathways. 

We carefully studied the variations in gene 
expression profiles and signal pathways in 
rhabdomyolysis-induced AKI using microarray 
techniques. The Signal-Net analysis included 

many genes involved in rhabdomyolysis-in- 
duced AKI because of the relative numbers of 
differentially expressed genes. This result sug-
gests the mechanisms of rhabdomyolysis-
induced AKI are complex. The Signal-Net analy-
sis showed that Cyp3a13 and Rela interacted 
most with other genes. Rela and Aldh7a1 were 
the key nodes and had strong connections 
throughout the Signal-Net. CYP3a13 is widely 
distributed in liver tissue. In addition to liver 
expression, CYP3a13 is also present in kidney, 
lung, and brain. CYP3a13 plays a role in alter-
ing drug metabolism in humans and many  
of the novel synthesized ligands/drugs target-
ing nuclear receptors influence CYP3A gene 
expression [27]. However, there are no data 
describing the role in rhabdomyolysis-induced 

Figure 2. Signal-Net analysis of differ-
entially expressed genes in rhabdomy-
olysis-induced AKI. Circles represent 
genes (red shows upregulated, blue 
shows downregulated). The size of the 
circle represents the number of other 
genes that interact with this gene. 
Lines indicate interactions between 
genes Pathways in rhabdomyolysis-
induced AKI.
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AKI. Mammalian Aldh7a1 is an enzyme that pro-
tects against the effects of salinity, dehydra-

tion, and osmotic stress. The Aldh7a1 protein is 
expressed in the liver, kidney, brain, and pan-

Figure 3. Path-Net analysis of 
differentially signaling path-
ways in rhabdomyolysis-in-
duced AKI. Circles represent 
pathways (red shows upregu-
lated, blue shows downregu-
lated, yellow represents for 
both up- and down-regulated 
pathways). The size of the cir-
cle represents the number of 
other genes that interact with 
this gene. Lines indicate in-
teractions between pathways 
in rhabdomyolysis-induced 
AKI.

Figure 4. Histogram of top10 signal pathways that were significantly different in rhabdomyolysis-induced AKI show-
ing (A) upregulated pathways; (B) Downregulated pathways. X axis, negative logarithm of the P value (-LgP); Y axis, 
the name of the pathway. The larger the value, the smaller the P value.



Genes and signaling pathways in RML induced AKI

14094 Int J Clin Exp Pathol 2015;8(11):14087-14098

creas based on mouse histological distribution 
studies. Aldh7a1 protein was found in the cyto-
sol, mitochondria, and nucleus. Thus, Aldh7a1 
is a unique aldehyde dehydrogenase enzyme 
[28]. Additional Aldh7a1 studies in rhabdomyol-
ysis-induced AKI are ongoing.

The mechanisms of rhabdomyolysis-induced 
AKI are complex and many signaling pathways 
are altered as a consequence of gene expres-
sion changes. Our results indicate that Rela not 
only had the most relationships with other 
genes but also had one of the most important 
positions in the entire Signal-Net. Our results 
also suggest the NF-κB signaling pathway 
played an important role in rhabdomyolysis-
induced AKI. Rela/p65 is a REL-associated pro-
tein involved in NF-κB heterodimer formation, 
nuclear translocation, and activation. Rela is a 
member of the NF-κB family, which is one of the 
most essential transcription factors. Rela is the 
prototypical heterodimer complex partner with 
NF-κB. Together with p50, Rela/p65 interacts 
with various proteins in both the cytoplasm and 
in the nucleus during the process of classical 

NF-κB activation and nuclear translocation 
[29]. Free radicals released by damaged tis-
sues and inflammatory cells induce NF-κB acti-
vation [30]. Thus, it has been suggested that 
activation of the NF-κB pathway and Rela might 
play a role in the progression of rhabdomyoly-
sis-induced AKI. 

The most upregulated pathway in rhabdomyoly-
sis-induced AKI was the MAPK signaling path-
way. From the Path-Net analysis, we concluded 
that the MAPK signaling pathway had the most 
relationships with other signaling pathways. 
Moreover, the JUN gene was significantly upreg-
ulated in the Signal-Net analysis. CD14 is one 
of the top 10 differentially upregulated genes  
in rhabdomyolysis-induced AKI. Mitogen-ac- 
tivated protein kinases (MAPKs) are a one 
member of serine/threonine protein kinases. 
The function of MAPKs is to respond to extra-
cellular stimuli and regulate a variety of cellular 
activities such as differentiation, proliferation, 
cell survival, and apoptosis [31]. The MAPK 
family includes the extracellular-signal-regulat-
ed kinases (ERK), c-Jun N-terminal kinases 
(JNK), and p38. MAPKs play an important role 
in the regulation of cell death and survival. It 
has been reported that several anti-cancer 
drugs kill Renal-cell carcinoma (RCC) cells by 
altering the activities of ERK and JNK [32, 33]. 
CD14 is a GPI-anchored protein expressed by 
macrophages (MΦ) and neutrophils. In res- 
ponse to danger-associated molecular patterns 
(DAMPs), CD14 facilitates pro- and anti-inflam-
matory cytokine production [34]. Lin et al. indi-
cated that p38 MAPK-specific inhibitor could 
block the expression of TLR2/4 or CD14 and 
the activity of PU.1 in human monocytes. This 
finding suggests p38 MAPK and ERK1/2 may 
be the upstream signals inhibited by E. ch- 
affeensis [35]. c-Jun protein is encoded by the 
JUN gene in humans. The ERK pathway can 
regulate the activity of c-jun protein. Cons- 
titutively active ERK increases c-jun transcrip-
tion. This result indicates that c-jun was acti-
vated and that its downstream targets could 
increase the activity of the JNK pathway. The 
activation of JNK signaling can play a role in the 
regulation of c-jun activity [36]. After renal inju-
ry, MAPKs play an important role in determining 
the fate of renal tubular cells [37]. Overwhelming 
evidence has unequivocally defined the role of 
the JNKs, especially JNK1, in cell apoptosis  
or tumor suppression [38-40]. Recent studies 

Table 5. Serum creatinine (Scr) and blood 
urea nitrogen (BUN) concentrations

Control (
_
x  ± SEM) Gly (

_
x  ± SEM)

Scr (mg/dl) 0.19±0.05 1.17±0.21
BUN (mg/dl) 25.6±3.94 119.8±10.87

Figure 5. The results showed that compared with 
the control group, the mRNA expression levels of 
Aldh7a1 was significantly decreased and the mRNA 
expression levels of Cyp3a13, Rela, Jun, CD14 and 
Cdkn1a were significantly increased.
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have indicated that JNK activates the intrinsic 
apoptotic pathway in response to cellular stress 
[41-44]. Our results indicate that MAPKs and 
apoptosis activation were upregulated in rhab-
domyolysis-induced AKI and that MAPKs con-
tributed to the activation of the apoptotic 
pathway. 

The data suggest that the PI3K/Akt signaling 
pathway plays an important role in rhabdomyol-
ysis-induced AKI. The Path-Net analysis showed 
that PI3K/Akt signaling was the second most 
upregulated and the tenth most downregulated 
pathway in rhabdomyolysis-induced AKI. The 
top 10 differentially upregulated genes in rhab-
domyolysis-induced AKI showed that Cdkn1a 
(p21) was the fourth most upregulated gene. 
The Cdkn1a (p21) protein plays a complex role 
in cell-cycle control, DNA repair, and blocks 
apoptosis [45]. In terms of cell proliferation, 
Akt-dependent phosphorylation of p21WAF/
Cip1 reduces the inhibitory effect of p21WAF/
Cip1 [46]. Heliez C et al. reported that Akt par-
ticipated in p21WAF/Cip1 regulation by phos-
phorylation [47]. The PI3K/Akt signaling path-
way is one of the most important survival path-
ways within cells [48]. Various types of cellular 
stimulation can activate the PI3K/Akt signaling 
pathway. The PI3K/Akt pathway also regulates 
cell growth, proliferation, and the cell cycle 
[49]. Although the pathogenesis of rhabdomyol-
ysis-induced AKI is unclear, myoglobin released 
from muscle cells plays major roles in renal 
injury. It is known that myoglobin has direct 
tubular toxicity, causes vasoconstriction, and 
increases the formation of ROS, NO consump-
tion, and various mechanisms involved in apop-
tosis [50, 51]. The PI3K/Akt signaling pathway 
plays an important role in preventing the apop-
tosis induced by oxidative stress [52, 53]. In 
addition, members of the MAPK family function 
in the response to oxidative stress [54]. MAPKs 
are major mediators of signal transduction and 
play an important role in the regulation of cell 
growth, proliferation, differentiation, and apop-
tosis. We speculate that the upregulation of 
apoptosis-related genes stimulated the PI3K/
Akt signaling pathway. The PI3K/Akt pathway is 
an important signaling pathway for cell survival 
[55], and phosphorylated Akt can decrease 
apoptosis [56]. However, our analysis conclud-
ed that the PI3K/Akt pathway cannot prevent 
the effects of apoptosis. 

The pathway analysis showed that metabolic 
pathways were the most strongly downregu- 
lated and third most strongly upregulated  
pathways in rhabdomyolysis-induced AKI. Our 
results suggested that metabolic pathways 
play an important role in rhabdomyolysis-
induced AKI. Metabolic pathways involved in 
rhabdomyolysis-induced AKI are associated 
with metabolic disorders.

In conclusion, rhabdomyolysis-induced AKI will 
continue to be a major health problem as long 
as natural disasters and injury persist. The 
exact mechanisms of rhabdomyolysis-induced 
AKI need to be further elucidated. Our results 
show that differential gene expression occurs 
in rhabdomyolysis-induced AKI. These genes 
encode proteins involved in different signaling 
pathways. The disruption of these pathways 
plays an important role in rhabdomyolysis-
induced AKI. Our findings provide a platform for 
the further characterization of the genes impli-
cated in rhabdomyolysis-induced AKI and may 
provide new insights into the mechanisms of 
rhabdomyolysis-induced AKI.
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