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CLCF1 is up-regulated in renal ischemia reperfusion injury and
may associate with FOXO3
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Background: Ischemia-reperfusion injury (IRI) is one of the most important risk factors for acute
kidney injury. In kidney transplantation, renal IRI can induce delayed graft function (DGF). However, the
mechanisms that link IRI to DGF remain unclear. This study aimed to find molecular markers of renal IRT
which are also associated with DGF.

Methods: A previously constructed database of differentially expressed genes in a murine IRI model was
compared with a published DGF database. The expression of cardiotrophin-like cytokine factor 1 (CLCF1)
was detected using immunohistochemistry (IHC) and real-time quantitative polymerase chain reaction
(qPCR) assays. Serum CLCF1 was measured using an enzyme-linked immunosorbent assay (ELISA), and
serum creatinine (Cr) was tested to evaluate kidney function.

Results: By comparing the IRI database and the DGF database, we identified 107 differentially expressed
genes, including 79 upregulated and 28 downregulated genes. CLCF1 was one of the upregulated genes
found in the 2 databases. The levels of CLCF1 in IRI-treated kidney tissues and serum CLCF1 were
upregulated compared to sham-operated mice. CLCF1 belongs to the interleukin-6 (IL-6) family, and the
forkhead box O3 (FOXO3) gene plays a key role in regulating IL-6 expression. We observed that FOXO3
knockout induced an increase in serum CLCF1 levels in sham-operated mice. However, FOXO3 knockout
failed to increase CLCF1 levels in IRI-treated mice.

Conclusions: CLCF1 is upregulated in renal IRI and may be regulated by FOXO3. Our data indicated
that CLCF1 might be a potential biomarker linking renal IRI to DGF in kidney transplantation.
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Introduction is associated with decreased short-term and long-term graft

Renal ischemia-reperfusion injury (TRT), an inevitable event survival rates. Ischemic injury occurs following the clamping

during kidney transplantation, is recognized as one of the of blood flow from the donor, which causes necrosis and
key factors causing delayed graft function (DGF) (1). DGF tissue damage. The reperfusion of blood from the recipient

is a common complication after kidney transplantation and augments the graft injury (2,3). In general, oxidative and
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inflammatory reactions play a key role in renal IRL

IRI contributes to DGF along with multiple factors,
including the specific characteristics of the donor, recipient,
and operation (1). However, the severity of IRI does not
necessarily correlate with the occurrence of DGF (4). This
fact suggests that IRI and other risk factors contribute to
DGEF to varying degrees, either independently or jointly,
which makes the etiological diagnosis of DGF difficult.
Confusion regarding the primary cause of DGF is not
conducive to prognostic judgment and accurate treatment.
While IRI is recognized as one of the most important risk
factors of DGF (1), the mechanism that links IRI to DGF
remains unclear. Until recently, no clear “bridge” molecule
linking IRI to DGF has been found, which has hindered the
search for the mechanism of progression from IRI to DGE.
Prior to this study, we screened for differentially expressed
genes in a murine model of renal IRI induced by clamping
renal vessels. We found 2,218 differentially expressed
genes in the IRI-treated kidney tissues (5,6). When we
compared these results with the DGF database (published
by Mueller) (7), we found 107 overlapping genes, of which
cardiotrophin-like cytokine factor 1 (CLCF1) was one of
the most upregulated.

CLCF1 is a secretory cytokine of the interleukin-6 (IL-6)
family. CLCF1 binds to the cytokine receptor-like factor
1 (CRLF1) or soluble ciliary neurotrophic factor receptor
(sCNTFR) (8). CLCF1/CRLF1 or CLCF1/sCNTEFR forms
a signaling complex on the cell membrane and activates the
signal transducer and activator of transcription-3 (STAT3)
pathway (9). CLCF1 has been reported to play important
roles in many diseases, such as cold-induced sweating
syndrome (CISS) (10), neurodegenerative diseases (11), and
more recently, idiopathic focal segmental glomerulosclerosis
(FSGS) (12,13).

However, the regulation of CLCF1 expression, especially
in renal IRI, is not clear. The forkhead box O3 (FOXO3)
gene is a known transcription factor associated with IL-6 (13).
In FOXO3-deficient mice, the expression of 1L-6 is
increased, and FOXO3 inhibits IL-6 production in the
dendritic cells (DCs) of wild type mice (13). Both IL-6 and
CLCF1 belong to the IL-6 cytokine family. Therefore, we
speculated that CLCF1 might also be regulated by FOXO3.
In the present study, we investigated the expression and
regulation of CLCF1 in an IRI mouse model. We present the
following article in accordance with the ARRIVE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-4381/rc).
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Methods
Animal study

Male C57BL/6 mice (8-10-week-old, 21-23 g) were used
in this study. All mice were kept under specific pathogen-
free (SPF) conditions and allowed free water and food
access (14 h light/10 h dark cycle, 20-21 °C temperature,
humidity: 60%). The animal experiments in this study
were approved by the Beijing Friendship Hospital Animal
Care and Use Committee (No. 18-2022). A protocol was
prepared before the study without registration. In this
study, all procedures involving animals were performed
and monitored in compliance with the guidelines of
Beijing Friendship Hospital Animal Use Regulations. The
wild type mice (n=40) were obtained from Vital River
Laboratories (Beijing, China). Global FOXO3 knockout
mice (n=16) were generated from Biocytogen (Beijing,
China) as described previously (14). Mice were weighed and
randomly distributed into 4 groups: (I) Sham-W'T (wild
type, sham operation); (II) Injury-W'T (wild type, kidney
IRI operation); (III) Sham-KO (FOXO3 knockout, sham
operation); (IV) Injury-KO (FOXO3 knockout, kidney IRI
operation).

The renal IRI operation was performed as previously
described (2). Briefly, the mice were anesthetized with
pentobarbital sodium (0.05 mg/g body weight) through
intraperitoneal injection. The kidneys of both sides were
exposed. To induce IRI, the kidney arteries were clamped
for 45 min of ischemia and reperfused for 24 h. The
mice were sacrificed by carbon dioxide euthanasia, and
the samples were immediately collected and stored at
-80 °C. Sham-operated mice were used as controls. Mouse
serum creatinine (Cr) is detected using a Creatinine Assay
(sarcosine oxidase) kit (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). The procedure was performed
according to the manufacturer’s instructions. In brief,
6 pL of serum samples, standard Cr solution, or deionized
water were mixed with 180 puL of Enzyme A solution and
incubated at 37 °C for 5 min. The optical density (OD) at
546 nm (Al) was obtained with a microplate reader. Then,
60 pL of Enzyme B solution was added and incubated at
37 °C for 5 min, the OD at 546 nm was read (A2), and
the serum Cr was calculated according to Cr (pmol/L)
= ((AA Gampio DA p1an)/ (AA andarty DA 11an))XC sandara)-
AA=A2- KxA1, K=( (Volume i, yme 4 solution* VOlume i )/ (
(VOlume(Enzymc A solution) T VOlume(snmplc)+VOlume(Enzyme B solution) ), C
(sandargy = 442pmol/L. The animal experiments were carried
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out in an SPF environment in the animal laboratory in
Beijing Friendship Hospital.

Histological analysis

The fixed tissues were routinely dehydrated, embedded in
paraffin, and cut into 4 pm sections. Routine hematoxylin
and eosin (H&E) staining was performed for histological
analysis. For immunohistochemistry (IHC), the sections
were subjected to an antigen retrieval process, followed
by incubation with 3% of H,O, for 20 min to block
endogenous peroxidase. The sections were incubated with
diluted rabbit anti-CLCF1 antibody (Novus Biologicals,
CO, USA) at 4 °C overnight. The sections were then
washed 3 times with phosphate-buffered saline (PBS) and
incubated with horseradish peroxidase (HRP)/Fab polymer-
conjugated secondary antibody (ZSGB-Bio, Beijing, China)
for 1 h at room temperature. The expression of CLCF1 was
visualized with the diaminobenzidine (DAB) assay (ZSGB-
Bio) and sections were counterstained with hematoxylin.
The sections were viewed using a microscope.

Quantitative real-time PCR assay

Total RNA was quantified and reverse transcribed using
a cDNA Synthesis Kit (Takara, Dalian, China). The
expression of specific genes was determined using a real-
time qPCR assay. The primers used were as follows: mouse
CLCF1 forward, AAACCTATGACCTCACCCGC;
reverse, TTGAGGCCACGCAAGTAACA. GAPDH was
used as an internal control to normalize the expression
levels: forward, GGCATTGTGGAAGGGCTC and
reverse: GGGGGTAGGAACACGGAAG. The thermal
reaction was: 95 °C for 30 s, 40 repetitions of 95 °C for 5 s
and 60 °C for 30 s.

Western blot

Kidney tissues were homogenized and quantified. A
total of 50 pg protein was loaded onto sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
for electrophoretic separation. The proteins were then
blotted onto the nitrocellulose membrane and blocked
with 5% non-fat milk at room temperature for 2 h. The
membrane was then incubated with rabbit anti-FOXO3
(Abcam, MA, USA) or mouse anti-B-actin (Santa Cruz,
CA, USA) antibodies at 4 °C overnight. Subsequently,
the membrane was washed 4 times using Tris-buffered
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solution with Tween-20 (TBST), followed by incubation
with HRP-conjugated goat anti-rabbit or goat anti-mouse
antibodies for 1 h at room temperature. The membrane
was then washed 4 times with TBST, and the specific bands
were visualized with SuperSignal West Femto Maximum
Sensitivity Substrate (Pierce, IL, USA).

Enzyme-linked immunosorbent assay

CLCF1 in the mouse serum samples were measured using
double antibody sandwich method mouse enzyme-linked
immunosorbent assay (ELISA) kits (Cusabio, Wuhan,
China). The procedure was performed according to the
manufacturer’s instruction. Briefly, serum samples were
loaded onto an antibody pre-coated 96-well plate and
incubated at 37 °C for 2 h. Subsequently, the supernatants
were replaced with a biotin-conjugated antibody and
incubated at 37 °C for 1 h. The wells were washed
5 times with a washing solution, then incubated with HRP-
conjugated avidin at 37 °C for 1 h. The plate was then
washed 5 times, and the tetramethylbenzidine (TMB)
substrate was applied for reaction at 37 °C for 1 h. The
reaction was stopped by the addition of a stop solution, and
the OD at 450 nm was recorded using a microplate reader.
The levels of CLCF1 were calculated according to the

standard curve.

Statistical analysis

Data are expressed as means + SEM. All statistical analysis
was performed using SPSS 19.0 software (SPSS Inc.,
Chicago, IL, USA). The differences between the 2 groups
were analyzed using a Student’s 7-test. Cr data comparisons
were performed using analysis of variance (ANOVA) with
nonparametric Games-Howell post hoc analysis. A P value
of less than 0.05 was considered statistically significant.

Results
Data overlap and bioinformatic analysis

To explore the differentially expressed genes in renal
IRI, a mouse bilateral renal artery clamping model
was constructed, and the expression profiles (Shanghai
Biotechnology Corporation, Shanghai, China) were
screened using the Mouse Genome 430 2.0 microarray
(Thermo Fisher Scientific) (5,6). Data from the high-
throughput screening identified 2218 differentially
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Figure 1 Screening for differential expression genes and overlapping analysis. (A-D) Microarray assay was performed for differential

expression genes screening in kidney tissues of IRI- and sham-operated mice, and overlapped with the reported DGF database. The 107

overlapped genes were analyzed. (A) Heat map diagram of differential expression genes from 3 IRI and 3 sham operated mice. (B) Volcano

plot diagram of differential expression genes. (C,D) Top 30 pathways from Gene Ontology (C) and Kyoto Encyclopedia of Genes and

Genomes (D) enrichment analysis.

expressed genes, including 1,103 up-regulated and 1,115
down-regulated genes (P<0.05). The DGF database (7),
based on graft biopsies of 11 DGF recipients and 76
immediate graft function (IGF) recipients, was published
by Mueller and included a total of 1,109 transcripts that
differed between DGF and IGF (unadjusted P value <0.05).
By comparing the IRI model database with the DGF

© Annals of Translational Medicine. All rights reserved.

database, we identified 107 overlapped and co-directional
genes (Figure 1A4,1B, Tables S1,52). We performed gene
ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis of the overlapped genes (Figure
1C,1D, Table S2) and found that apoptosis, DNA damage,
and inflammation were major pathways in the 107 genes.

Among the 107 overlapped genes, we found that CLCF1
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Figure 2 CLCF1 is up-regulated in renal ischemia reperfusion injury. (A) The expression of CLCF1 was determined using a real-time

qPCR assay. GAPDH was employed as an internal control for normalizing. Data are expressed as mean + SEM, and **, P<0.01 vs. the sham

operated group (n=4 per group). (B) Immunohistochemistry staining against CLCF1 was performed in kidney tissues, and representative

images are shown. Scale bars: 200 pm. (C) The serum CLCF1 of IRI or sham operated mice were determined using an ELISA assay. Data

are expressed as mean + SEM, n=8 per group. The differences between two groups were analyzed using Student’s z-test.

was up-regulated to 11.1-fold in the IRI mouse model (IRI
group vs. sham group, P<0.001) and 1.3-fold in the DGF
database (DGF group vs. IGF group, unadjusted P value
=0.0134).

CLCF1 is up-regulated by venal IRI

"To verify whether CLCF1 expression could be up-regulated
by renal IRI, we performed a real-time qPCR assay of the
renal tissues of IRI-treated mice. We observed that CLCF1
was indeed up-regulated in the IRI-treated mice compared
with the sham-operated control group (Figure 24, Table S2).
IHC staining data indicated that CLCF1 was strongly
accumulated around the injured kidney tubules, whereas
CLCF1 showed weak expression in sham operated kidney
in the kidney tissues of the sham-operated mice (Figure 2B,
Table S2).

As CLCF1 is a secretary factor, we detected circulatory
CLCF1 in the serum samples. We found that serum

© Annals of Translational Medicine. All rights reserved.

CLCF1 was significantly up-regulated in the IRI-treated
mice compared with the sham-operated mice (353.2+24.9
vs. 179.8+35.4 pg/mL, Figure 2C, Table S2). These data
indicated that CLCF1 was up-regulated by IRI in the
kidney.

FOXO3 negatively regulates CLCF1 expression

FOXO3 is a well-known transcription factor that negatively
regulates the production of many inflammatory factors (15).
To investigate whether CLCF1 expression can be regulated
by FOXO3, we detected the circulatory CLCF1 levels
in FOXO3-knockout mice. We observed that FOXO3
knockout did not alter the serum Cr levels in both the sham-
operated and IRI-treated mice (Figure 34,3B, Table S2)
but that FOXO3 knockout did increase serum CLCF1
levels in the sham-operated mice (Figure 3C, Table S2).
However, FOXO3 knockout failed to alter the CLCF1
levels in IRI-treated mice (Figure 3C, Table S2). These
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performed using ANOVA with nonparametric Games-Howell post hoc analysis. (B) Verification for FOXO3 expression (western blotting).

B-actin was employed as an internal control. (C) Data from ELISA (mean + SEM) for the determination of serum CLCF1 in mice from the
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mean + SEM. The differences between two groups were analyzed using Student’s #-test. FOXO3, forkhead box O3; CLCF1, cardiotrophin-

like cytokine factor 1; Cr, creatinine; ANOVA, analysis of variance.

data indicated that FOXO3 might negatively regulate the
expression of CLCF1.

Discussion

In the present study, we identified CLCF1 as an
upregulated factor in renal IRI that may be regulated by
FOXO3. Through the overlap analysis, we speculate that
CLCF1 is a “bridge” molecule linking renal IRI to kidney
transplantation DGF. Our findings may provide novel
insights into the mechanisms of IRI-induced DGF in kidney

© Annals of Translational Medicine. All rights reserved.

transplantation.

IRI, an inevitable event during kidney transplantation,
is characterized by the restriction of blood supply to an
organ followed by the restoration of blood flow and re-
oxygenation (16). IRI mainly involves 2 distinct stages:
ischemia and reperfusion. Either warm ischemia or cold
ischemia can cause a reduction in the supply of oxygen
and nutrients, resulting in the accumulation of lactic acid
and intracellular acidosis induced by enhanced anaerobic
glycolysis (17). Furthermore, the Na/K ATPase pump
is damaged, and the balance between intracellular and
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extracellular ions is destroyed (18). Cell death can be
induced in the ischemia stage, and inflammatory or
oxidative injury can be exacerbated during the reperfusion
stage (19). IRI induces leukocyte occlusion in the
capillaries (20), resulting in local inflammation of the
microvasculature. These changes enhance the release of
reactive oxygen species, and thus promote the production
of inflammatory mediators and proteolytic enzymes (21).
All these IRI mechanisms eventually result in renal damage,
which may participate in the occurrence of DGFE.

CLCF1 has been identified as an unreported upregulated
gene. The upregulation of CLCF1 in both the IRI model
database and the DGF database suggests that CLCF1
may play an important role in IRI-induced DGF after
renal transplantation. It is worth mentioning that the
upregulation of CLCF1 in the DGF database published
by Mueller is most likely due to intrinsic factors of the
donor kidneys and short-term acute kidney injury, while the
upregulation of CLCF1 found in our experiments is due to
acute kidney injury caused by IRI. This leads us to speculate
that it may be the cumulative effect of the upregulation of
CLCF1 in the donor kidney genome and the upregulation
of CLCF1 caused by IRI which ultimately participates in
the occurrence of DGE.

CLCFI is a member of IL-6 family which is broadly
expressed in secondary lymphoid organs such as lymph nodes
and the spleen, as well as many other organs (bone marrow,
ovary, placenta, kidney, pituitary gland). The secretion of
CLCF1 is required to interact with CRLF1 or sCNTFR
to form a heterodimer, which also presents as a circulatory
form (12). The CLCF1/CRLF1 or CLCF1/sCNTFR
heterodimer binds to the cell surface CNTFR and recruits
gp130 and leukemia inhibitory factor receptor (LIFR),
mediating the activation of STAT?3 and the extracellular
signal-regulated kinase 1/2/mitogen-activated protein
kinase (ERK1/2/MAPK) pathways (22). Pro-inflammatory
cytokines, such as tumor necrosis factor (TNF)-a,
interferon (INF)-y, and IL-6, can up-regulate the CRLF
expression and thus enhance the action of CLCF1 (23).
Therefore, increased levels of pro-inflammatory factors
during IRI may contribute to an increase of CLCF1 levels
in both the kidney tissues and sera. Mutations of CLCF1
or CRLF1 in humans lead to CISS (24), whereas CLCF1-
deficient mice exhibit a severe suckling defect and cannot
survive during the perinatal period, indicating that CLCF1
may be a crucial factor in the process of development
(8,10). CLCF1 also supports the survival of embryonic
motor and sympathetic neurons and may induce astrocyte

© Annals of Translational Medicine. All rights reserved.
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differentiation of fetal neuroepithelial cells (25).

The function of CLCFI1 remains far from being
understood. Recent studies have indicated that CLCF1
attend to modulate mesenchymal stem cell osteoblastic
differentiation (26) and promote macrophage-foam cell
transition (27). For kidney diseases, CLCF1 has been
reported to trigger the recurrence of FSGS after kidney
transplantation (12). This effect is mainly associated with
the activation of JAK2/STAT3, and inhibition of this
signalling pathway can overcome the effect of CLCF1 on
FSGS (12). In the present study, we observed that CLCF1
was significantly up-regulated in the kidney tissues of IRI-
treated mice. These results indicate that CLCF1 might be a
prominent biomarker of IRI-induced DGF.

A recent study reported that very-low-density lipoproteins
could modulate CLCF1 activity (9). However, the regulation
of CLCF1 expression is unclear. It is known that IL-6 is
regulated by FOXO3. As both IL-6 and CLCF1 belong to
the IL-6 family of cytokines, it can be speculated that CLCF1
may also be regulated by FOXO3. In the present study, we
found that circulatory CLCF1 was significantly upregulated
in FOXO3 knockout mice, indicating that FOXO3 might
participate in the regulation of CLCF1 expression.

FOXO3 is a known transcription factor that is broadly
expresses in many tissues and acts as an inflammation
inhibitor (28). Loss of FOXO3 results in enhanced
inflammation characterized by increased IL-6 levels (28).
Our data indicated that circulatory CLCF1 was upregulated
in FOXO3-knockout mice, indicating that FOXO3 may
negatively regulate CLCF1 expression. However, whether
FOXO3 inhibits CLCF1 expression directly or indirectly
via additional mechanisms is yet to be understood. Our
data indicated that the circulatory CLCF1 levels were
comparable between wild type and FOXO3 knockout mice
with renal IRI. However, we did not knock out CLCF1
in the mouse models because a deficiency of CLCF1 is
embryonically lethal (8,10). CLCF1 is known to activate
the JAK2/STAT3 pathway (12), we postulate that CLCF1
might participate in the regulation of renal IRI through
this signaling pathway. However, these effects should be
explored in future studies.

Medical products that limit the short-term deleterious
effects of IRI or DGF and improve long-term allograft
survival are urgently needed (29). Due to the high
complexity of DGE, there is a lack of effective diagnosis
and treatment methods for this condition. In addition,
until recently, there have been no United States Food and
Drug Administration (FDA)-approved treatments for DGF
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available (29). This study may provide evidence for using
CLCFI in diagnostic and therapeutic applications and
promote further understanding of IRI-induced DGF.

In conclusion, CLCF1 is a potential biomarker of IRI-
induced DGEF. This finding may help to understand the
link between IRI and DGE. We look forward to discovering
more about CLCFI in kidney transplantation in future
studies.
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Supplementary

Table S1 107 overlapped and co-directional genes

GeneSymbol GenelD Description P values foldchange  foldchange(abs) Regulation
Len2 16819 lipocalin 2 0.00051761 24.267371 24.267371 up
Sfn 55948 stratifin 0.044708033  16.69287135  16.69287135 up
Plaur 18793 “plasminogen activator, urokinase receptor” 0.000340195 12.66955189 12.66955189 up
Clcf1 56708 cardiotrophin-like cytokine factor 1 0.000220181 11.14395572 11.14395572 up
Cxcll 14825 chemokine (C-X-C motif) ligand 1 0.007853553  9.422613577  9.422613577 up
Cebpb 12608 “CCAAT/enhancer binding protein (C/EBP), beta” 0.009428932  7.916984129  7.916984129 up
Rtn4 68585 reticulon 4 0.033205857 7.371514027 7.371514027 up
Tes 21753 testis derived transcript 0.04264191 6.780459442  6.780459442 up
Spsb1 74646 splA/ryanodine receptor domain and SOCS box containing 1 0.009175611 6.577359628  6.577359628 up
Itgav 16410 integrin alpha V 0.026926293 6.47727061 6.47727061 up
Cd44 12505 CD44 antigen 0.019640888  5.771687436  5.771687436 up
Hpgd 15446 hydroxyprostaglandin dehydrogenase 15 (NAD) 0.000147869 0.174725314 5.723269161 down
Krt8 16691 keratin 8 0.000268895  5.491451125  5.491451125 up
Acsl4 50790 acyl-CoA synthetase long-chain family member 4 0.009143161 5.378859149  5.378859149 up
Stat3 20848 signal transducer and activator of transcription 3 0.008134744  5.357958501 5.357958501 up
Cd14 12475 CD14 antigen 0.000334011 5.250912455  5.250912455 up
Gatm 67092 glycine amidinotransferase (L-arginine:glycine amidinotransferase) 0.01666698 0.209806883  4.766287867 down
Mvp 78388 major vault protein 0.008689633  4.652499633  4.652499633 up
Adamtsi 11504 “a disintegrin-like and metallopeptidase (reprolysin type) with 0.002360025 4.61253289 4.61253289 up
thrombospondin type 1 motif, 1”

Ugcg 22234 UDP-glucose ceramide glucosyltransferase 0.019329379  4.597337511 4.597337511 up
Fosl2 14284 fos-like antigen 2 0.006749923 4.46784426 4.46784426 up
Coroic 23790 “coronin, actin binding protein 1C” 0.004206521 4.448093762 4.448093762 up
Sox4 20677 SRY (sex determining region Y)-box 4 0.00856159 4.299504695  4.299504695 up
Pank1 75735 pantothenate kinase 1 0.028355722  0.236392335  4.230255599 down
Calb1 12307 calbindin 1 0.036560632  0.239315686  4.178581091 down
Apoh 11818 apolipoprotein H 0.022044532  0.240111818  4.164726278 down
Glyat 107146 glycine-N-acyltransferase 0.01975136 0.270043775 3.703103322 down
Sh3bgrl3 73723 SH3 domain binding glutamic acid-rich protein-like 3 0.003085329  3.681878117  3.681878117 up
Ddx21 56200 DEAD (Asp-Glu-Ala-Asp) box polypeptide 21 0.003061226  3.652869178  3.652869178 up
Arldc 320982 ADP-ribosylation factor-like 4C 0.000836337 3.60095446 3.60095446 up
Dusp9 75590 dual specificity phosphatase 9 0.000848491 0.27887748 3.585804057 down
S100a9 20202 S100 calcium binding protein A9 (calgranulin B) 0.033240904  3.541178519  3.541178519 up
Lmna 16905 lamin A 0.000209751  3.498362841  3.498362841 up
Pppiria 58200 “protein phosphatase 1, regulatory (inhibitor) subunit 1A” 0.002825923 0.289051547 3.459590546 down
Relb 19698 avian reticuloendotheliosis viral (v-rel) oncogene related B 0.011230167 3.44075827 3.44075827 up
Dusp10 63953 dual specificity phosphatase 10 0.013786651 3.42187064 3.42187064 up
Skil 20482 SKl-like 0.046410943  3.412907433  3.412907433 up
S100a8 20201 S100 calcium binding protein A8 (calgranulin A) 0.039479404  3.405577715  3.405577715 up

Table S1 (continued)
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Table S1 (continued)

GeneSymbol GenelD Description P values foldchange foldchange(abs) Regulation
Nup50 18141 nucleoporin 50 0.0323671 3.346119652  3.346119652 up
Ptpn12 19248 “protein tyrosine phosphatase, non-receptor type 12” 0.004372455  3.343123971 3.343123971 up
Plscr1 22038 phospholipid scramblase 1 0.005686432 3.314952211 3.314952211 up
liest 16195 interleukin 6 signal transducer 0.032673229  3.279356228  3.279356228 up
Malat1 72289 metastasis associated lung adenocarcinoma transcript 1 (non-coding 0.036339202  3.277022488  3.277022488 up
RNA)
Fabp3 14077 “fatty acid binding protein 3, muscle and heart” 3.03859E-05 0.308951242  3.236756691 down
Lamc2 16782 “laminin, gamma 2” 0.049152916  3.213139588  3.213139588 up
Itpr3 16440 “inositol 1,4,5-triphosphate receptor 3” 0.009653711 3.133158575 3.133158575 up
Bcl3 12051 B cell leukemia/lymphoma 3 0.028537021  3.117781285  3.117781285 up
Kng1 16644 kininogen 1 0.000824782 0.32315149 3.094523869 down
Hs6st2 50786 heparan sulfate 6-O-sulfotransferase 2 0.002867649 0.32692232 3.058830607 down
Krt18 16668 keratin 18 0.029569869  3.046663173  3.046663173 up
Atp6vic2 68775 “ATPase, H+ transporting, lysosomal V1 subunit C2” 0.002894246  0.329713707  3.032934269 down
Osmr 18414 oncostatin M receptor 0.03330936 2.908704995  2.908704995 up
Clu 12759 clusterin 0.003284804  2.884396355  2.884396355 up
Pcbp2 18521 poly(rC) binding protein 2 0.010273921  2.860306847  2.860306847 up
Mfsd4 213006 major facilitator superfamily domain containing 4 0.034514266  0.350067615  2.856591001 down
Map3k14 53859 mitogen-activated protein kinase kinase kinase 14 0.03364417 2.759245019 2.759245019 up
Sdpr 20324 serum deprivation response 0.044624745  0.363931744  2.747768001 down
Nrip1 268903 nuclear receptor interacting protein 1 0.005367083 2.723833509 2.723833509 up
Arid5b 71371 AT rich interactive domain 5B (MRF1-like) 0.010852567  2.655763231  2.655763231 up
Pprc1 226169 “peroxisome proliferative activated receptor, gamma, coactivator- 0.001081986  2.647489347  2.647489347 up
related 1”

Npci 18145 Niemann-Pick type C1 0.017049111 2.624486798 2.624486798 up
Rps6ka3 110651 ribosomal protein S6 kinase polypeptide 3 0.008646658  2.599356177  2.599356177 up
Cldn8 54420 claudin 8 0.02678156 0.384921477  2.597932458 down
ltgb1 16412 integrin beta 1 (fibronectin receptor beta) 0.007781041 2.56714691 2.56714691 up
Sfxn2 94279 sideroflexin 2 0.02862261 0.38965908 2.566345946 down
Gnb1 14688 “guanine nucleotide binding protein (G protein), beta 1” 0.00649479 2.564961823  2.564961823 up
Icam1 15894 intercellular adhesion molecule 1 0.000825693  2.523664604  2.523664604 up
Slc23a3 22626 “solute carrier family 23 (nucleobase transporters), member 3” 0.040027135 0.396312497 2.523261337 down
KIf3 16599 Kruppel-like factor 3 (basic) 0.015837864  2.511778909  2.511778909 up
Cdv3 321022 carnitine deficiency-associated gene expressed in ventricle 3 0.018487989  2.510283744  2.510283744 up
Tmem116 77462 transmembrane protein 116 0.014854236 0.400455177 2.497158378 down
H6pd 100198 hexose-6-phosphate dehydrogenase (glucose 1-dehydrogenase) 0.03844528 2.476989381 2.476989381 up
Cml2 93673 camello-like 2 0.039162801 0.405356189  2.466966156 down
Clcnka 12733 chloride channel Ka 0.034926635  0.409006529  2.444948746 down

Table S1 (continued)

© Annals of Translational Medicine. All rights reserved. https://dx.doi.org/10.21037/atm-21-4381



Table S1 (continued)

GeneSymbol GenelD Description P values foldchange foldchange(abs) Regulation
Acbd3 170760 acyl-Coenzyme A binding domain containing 3 0.02327427 2.441903314  2.441903314 up
Pde4b 18578 “phosphodiesterase 4B, cAMP specific” 0.0428323 2.430803029  2.430803029 up
Cflar 12633 CASP8 and FADD-like apoptosis regulator 0.038992153  2.401722722  2.401722722 up
Kpna3 16648 karyopherin (importin) alpha 3 0.009574363 2.40064437 2.40064437 up
Slc5a9 230612 “solute carrier family 5 (sodium/glucose cotransporter), member 9” 0.020859037 0.42014245 2.380145118 down
Dhdh 71755 dihydrodiol dehydrogenase (dimeric) 0.013811088  0.423292598  2.362432047 down
Csrp2 13008 cysteine and glycine-rich protein 2 0.042992385  0.424476649  2.355842193 down
Slc5al 20537 “solute carrier family 5 (sodium/glucose cotransporter), member 1” 0.000210978 0.426085943 2.346944359 down
Ube2j1 56228 ubiquitin-conjugating enzyme E2J 1 0.014326881 2.311735266 2.311735266 up
Taok1 216965 TAO kinase 1 0.025743653 2.31038244 2.31038244 up
Prom2 192212 prominin 2 0.036092337  0.433079494  2.309044904 down
Tax1bp3 76281 Tax1 (human T cell leukemia virus type I) binding protein 3 0.013077334  2.308251051 2.308251051 up
Ptpre 19267 “protein tyrosine phosphatase, receptor type, E” 0.010358493 2.304449316 2.304449316 up
Col4a2 12827 “collagen, type IV, alpha 2” 0.004170255  2.297932176  2.297932176 up
Esrrb 26380 “estrogen related receptor, beta” 0.029716857  0.437207622  2.287242832 down
Phc2 54383 polyhomeotic-like 2 (Drosophila) 0.014788159 2.273787573 2.273787573 up
1I13ral 16164 “interleukin 13 receptor, alpha 1” 0.004731108  2.269736619  2.269736619 up
Ptpni1 19247 “protein tyrosine phosphatase, non-receptor type 11” 0.010093699 2.245370266 2.245370266 up
Birc3 11796 baculoviral IAP repeat-containing 3 0.031283912  2.238903795  2.238903795 up
Mme 17380 membrane metallo endopeptidase 0.012963036  0.450950119  2.217540161 down
Ero1l 50527 ERO1-like (S. cerevisiae) 0.003313402  2.216357351  2.216357351 up
Bazla 217578 bromodomain adjacent to zinc finger domain 1A 0.000341199  2.210205018  2.210205018 up
lggap1 29875 1Q motif containing GTPase activating protein 1 0.011579281 2.202807839 2.202807839 up
Sav1 64010 salvador homolog 1 (Drosophila) 0.035395396  2.178174256  2.178174256 up
Prpf40a 56194 PRP40 pre-mRNA processing factor 40 homolog A (yeast) 0.00625872 2.172211905  2.172211905 up
Bbx 70508 bobby sox homolog (Drosophila) 0.046243064 2.156500578 2.156500578 up
Coldatl 12826 “collagen, type IV, alpha 1” 0.000636571  2.129355185  2.129355185 up
Ssh2 237860 slingshot homolog 2 (Drosophila) 0.025682615  2.096407839  2.096407839 up
Zc3hav1 78781 “zinc finger CCCH type, antiviral 1” 0.035965085  2.060732652  2.060732652 up
Ctsd 13033 cathepsin D 0.019219315 2.05936588 2.05936588 up
Rbms1 56878 “RNA binding motif, single stranded interacting protein 1” 0.017862777  2.035609572  2.035609572 up
Bclaf1 72567 BCL2-associated transcription factor 1 0.021352927  2.025658948  2.025658948 up
Kif15 66277 Kruppel-like factor 15 0.029761333  0.494801225  2.021013588 down
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Table S2 The details of each experiment

Figure Methods Purpose Group N Mean + SEM P
Fig. 1 Screening for differential To overlap with the reported DGF Sham-group 3
expression genes database IRI-group 3
Fig. 2A  Real-time qPCR assay To verify whether CLCF1 expression in ~ Sham-group 4 1.00+0.27 P<0.01
kidney could be up-regulated by IRI. IRI-group 4 3.99+1.52
Fig. 2B Immunohistochemistry To verify whether CLCF1 expression in
kidney could be up-regulated by IRI.
Fig. 2C  ELISA assay To detect the circulatory CLCF1 in the Sham-group 8 179.78+100.03 pg/ml P<0.01
serum samples IRI-group 8  353.23+70.52 pg/ml
Fig. 3A  Creatinine Assay To evaluate whether the IRl model is Sham-WT 5 7.35+3.98 pmol/L P<0.01
successful. IRI-WT 6  186.42+25.82 umol/L
Sham-KO 4 2.54+1.27 pmol/L P<0.01
IRI-KO 8 129.81+52.26 pmol/L
IRI-WT vs IRI-KO P>0.05
Fig. 3B Western Blot To evaluate whether the FOXO3- Sham-KO 4
knockout model is successful IRI-KO 4
Fig. 3C  ELISA assay To investigate whether serum CLCF1 Sham-WT 8 192.60+90.75 pg/ml P<0.01
expression can be regulated by FOXO3. Sham-KO 7 397.28+151.46 pg/ml
IRI-WT 8  424.56+356.53 pg/ml  P>0.05
IRI-KO 9 538.04+419.10 pg/mi
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