
Original Article
Genetic or siRNA inhibition of MBD2
attenuates the UUO- and I/R-induced renal
fibrosis via downregulation of EGR1
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DNAmethylation plays a pivotal role in the progression of renal
fibrosis. Methyl-CpG–binding domain protein 2 (MBD2), a
protein reader of methylation, is involved in the development
of acute kidney injury (AKI) caused by vancomycin. However,
the role and mechanism of action of MBD2 in renal remain un-
clear. In this study, MBD2mediated extracellular matrix (ECM)
production induced by TGF-b1 in Boston University mouse
proximal tubule (BUMPT) cells，and upregulated the expres-
sion EGR1 to promote ECM production in murine embryonic
NIH 3T3 fibroblasts. ChIP analysis demonstrated that MBD2
physically interacted with the promoter region of the CpG
islands of EGR1 genes and then activated their expression by
inducing hypomethylation of the promoter region. In vivo,
PT-MBD2-KO attenuated unilateral ureteral obstruction
(UUO)-induced renal tubulointerstitial fibrosis via downregula-
tion of EGR1, which was demonstrated by the downregulation
of fibronectin (FN), collagen I and IV,a-SMA, and EGR1. Injec-
tion of MBD2-siRNA attenuated the UUO- and I/R-induced
renal fibrosis. Thosemolecular changes were verified by biopsies
from patients with obstructive nephropathy (OB). These data
collectively demonstrated that inhibition of MBD2 reduces
renal fibrosis via downregulating EGR1, which could be a target
for treatment of fibrotic kidney disease.
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INTRODUCTION
Epigenetic modifications play essential roles in various biological pro-
cesses and diseases,1 and DNA methylation is an essential epigenetic
mechanism. DNA methyltransferases (DNMT1, DNMT3a, and
DNMT3b) are involved in generating and maintaining the epige-
nome. Specifically, DNMT3a and DNMT3b are responsible for estab-
lishing DNAmethylation, while DNMT1maintains methylation.2,3 A
recent study has demonstrated that DNMT1 inhibition ameliorated
renal fibrosis.4 Thus, the regulation of DNA methylation levels has
become a research focal point in the study of renal fibrosis.5
Molecular
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Methyl-CpG–binding domain protein 2 (MBD2) might be involved
in modulating gene transcriptional activity and has a critical role in
various diseases.6–12 Our recent study demonstrated that global
MBD2 knock out (KO) attenuated AKI caused by sepsis, rhabdo-
myolysis, and vancomycin.13–15 In addition, recent studies reported
that tubular epithelial cells (TECs) were involved in the progression
of renal fibrosis progression.16–20 However, the role of tubular
MBD2 in renal fibrosis remains unclear. Early growth response pro-
tein 1 (EGR1), a member of the immediate–early response gene fam-
ily, has been shown to mediate renal fibrosis induced by multiple
growth factors.21–26 Interestingly, another study reported that
MeCP2 regulated EGR1 expression through binding to its CpG
islands.27 Thus, the role and mechanism of regulation for MBD2 in
the expression of EGR1 remain unclear. We hypothesized that
tubular MBD2 might promote renal fibrosis by upregulating the
expression of EGR1.

In this study, we verified that PT-MBD2-KO or MBD2-small inter-
fering RNA (siRNA) attenuated transforming growth factor b1
(TGF-b1)-, unilateral ureteral obstruction (UUO)-, and ischemia/re-
perfusion (I/R)-induced renal fibrosis. We also discovered that the
molecular mechanism underlying that MBD2-induced renal fibrosis
in UUO and I/R involved upregulation of the expression of EGR1.
These markers also were increased in fibrotic human kidneys, indi-
cating that this mechanism might be involved in human fibrotic kid-
ney disease.
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Figure 1. MBD-2 was induced by TGF-b1 or UUO in BUMPT cells or mice

kidneys

BUMPT cells were treated with 5 ng/mL TGF-b1 for 0–48 h. Male C57BL/6J mice

were subjected to UUO for examination on days 0–7. Whole-cell lysates were

collected at the time points and analyzed by western blotting with antibodies to

MBD2. Left kidneys were removed for immunoblot and immunohistochemistry

analysis of MBD2 at the indicated time points. (A and C) Immunoblot analysis of

MBD2 at indicated time points. (B and D) Analysis of the gray-scale image between

them. (E and F) Immunohistochemistry of MBD2. These data are representative of at

least four separate experiments shown asmeans ±SD (n = 6). #p < 0.05 versus hour

or day 0 or sham group. Original magnification, �400. Scale bar: 100mm.
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RESULTS
TGF-b1 and UUO induced the expression of MBD2 in BUMPT

cells and mouse kidneys

WeexploredwhetherMBD2was induced after treatmentwithTGF-b1
in BostonUniversitymouse proximal tubule (BUMPT) cells andUUO
in C57BL/6J mice. The western blot results demonstrated that MBD2
was increased somewhat in BUMPT cells at 12 h, reached peak levels
at 24 h, and declined by 48 h (Figures 1A and 1B). Compared with
the sham group, MBD2 also was markedly upregulated in the mouse
UUOmodel at days 3 and 7 (Figures 1C and 1D), whichwas confirmed
by the immunohistochemical staining results (Figures 1E and 1F). We
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concluded that MBD2 expression was induced by TGF-b1 and UUO
and was associated with renal fibrosis progression.

MBD2 mediated the TGF-b1-induced ECM production by

BUMPT cells

Next, we determined if MBD2 mediated the renal fibrosis induced by
TGF-b1. BUMPT cells were transfected with MBD2 siRNA with or
without TGF-b1. The expression of MBD2 induced by TGF-b1 was
silenced by MBD2 siRNA. The loss of MBD2 expression was accom-
panied by reduced fibronectin (FN) and collagen (Col) I and IV
expression (Figure 2B). These protein changes were verified using
gray-level analysis (Figure 2D). To confirm the role of MBD2 in renal
fibrosis induced by TGF-b1, MBD2 plasmid was constructed (Fig-
ure S5). BUMPT cells were transfected with the MBD2 plasmid in
the absence or presence of TGF-b1; immunofluorescence showed
the success of transfection (Figure 2A). These results indicated that
overexpression of MBD2 enhanced the TGF-b1 induction of FN
andCol I and IV expression (Figures 2C and 2E). These data suggested
thatMBD2mediated the renal fibrosis caused by exposure to TGF-b1.

MBD2 mediated the TGF-b1-induced renal fibrosis via

upregulation of EGR1 in supernatant of BUMPT cells cultured

with or without murine embryonic NIH 3T3 fibroblasts

Recent studies demonstrated that EGR1 was involved in the produc-
tion of renal fibrosis.24,26 This study verified that EGR1 expression
was observed within 12 h of TGF-b1 treatment, peaked at 24 h,
and then decreased significantly by 48 h (Figures 3A and 3B). Sub-
sequently, the knockdown of EGR1 using EGR1 siRNA markedly
suppressed the expression of EGR1, FN, and Col I and IV that
was induced by TGF-b1 (Figures 3C and 3D). Furthermore, we
also found that EGR1 siRNA noticeably inhibited the TGF-b1-
induced activation of Smad3, Ap-1, and ERK1/2 and the increasing
of TGF-b (Figures 3E and 3F). In addition, the control or MBD2
plasmid was transfected into BUMPT cells and then treated with
mouse immunoglobulin G (IgG) isotype control or Ab-EGR1 for
24 h; the supernatant was collected to culture murine embryonic
NIH 3T3 fibroblasts for another 24 h (Figure 3G). The immunoblot
results indicated that the supernatant from BUMPT cells transfected
with MBD2 induced the increasing of FN, Col I and IV, and a-SMA,
which was markedly suppressed by neutralizing the expression of
EGR1 (Figures 3H and 3I). The ELISA results also showed that
MBD2 promoted the secretion of EGR1 in supernatant of BUMPT
cells, which was suppressed by the Ab-EGR1 (Figure 3J). These
data suggested that the MBD2 mediated the TGF-b1-induced
fibrosis through regulation of EGR1 expression.

MBD2 activated the expression of EGR1 by inhibiting

methylation of its promoter

To investigate how MBD2 regulates the EGR1 expression, the Meth-
Primer Promoter 2.0 (http://www.urogene.org/cgi-bin/methprimer2/
MethPrimer.cgi) was used to predict the CpG islands for EGR1, and
primers were designed. The results indicated that the promoter
sequence of EGR1 contained four islands (Figure 4A). Furthermore,
a chromatin immunoprecipitation (ChIP) assay was applied to
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Figure 2. MBD2 was involved in ECM accumulation induced by TGF-b1 in

BUMPT cells

BUMPT cells were transfected with MBD2 siRNA orMBD2 plasmid and then treated

with 5 ng/mL TGF-b1 for 24 h to collect total cell lysates for immunoblot analysis of

MBD2, FN, and Col I and IV. (A) transfection of control plasmid. (B and C) Repre-

sentative immunoblots. (D and E) Densitometry analysis of proteins signals, and

normalized to internal control of GAPDH. These data are representative of at least

four separate experiments shown asmeans ± SD (n = 6). #p < 0.05 versus scramble

or control group. *p < 0.05 versus TGF-b1 group. Original magnification, �200.

Scale bar: 50mm.
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determine whether MBD2 interacted with the promoter region of
EGR1 in BUMPT cells. MBD2 physically interacted with the F/R4-
4 binding sites of the EGR1 promoter; the results of qPCR further
confirmed this (Figures 4B and 4C). Furthermore, the CG DNA
methylation target sequences in the EGR1 promoter region were
cloned into the CpG-free pCpGI luciferase reporter plasmid. The
transcriptional activity was markedly increased by the MBD2 plasmid
but not the mutant plasmid with the MBD2methylated DNA binding
domain deletion (Figure 4D). We observed that MBD2 affected the
methylation levels of the promoter of the ectopic EGR1. The level
of methylated pCpGI of EGR1 is reduced very slightly by endogenous
MBD2-bound DNA compared with the control group and was mark-
edly inhibited by ectopic MBD2 expression (Figure 4E). Finally,
EGR1 induced by TGF-b1 was reduced by MBD2 siRNA. In contrast,
this effect was enhanced by theMBD2 plasmid (Figures 4F–4I). These
data demonstrated that MBD2 activated the expression of EGR1
through hypomethylation of the promoter region.
PT-MBD2-KO mice were established

To clarify the role of tubular MBD2, we established a mouse model
of MBD2-KO specifically in proximal kidney tubules. Briefly,
MBD2flox/floxXY male mice were crossed with MBD2+/+XcreXcre fe-
male mice. After two generations, littermates of the proximal tubule
MBD2 wild-type (WT) (PT-MBD2-WT) and PT-MBD2-KO
(MBD2flox/floxXcreY) mice were produced (Figure 5A). RT-qPCR re-
sults demonstrated that the genotype of the PT-MBD2-KO mice was
characterized by a 213 bp DNA fragment floxed allele and a 370 bp
DNA fragment of the Cre gene (Figure 5B, lanes 3 and 4). The lack
of a Cre gene indicated WT (PT-MBD2-WT) mice (Figure 5B, lanes
1 and 5). Western blot analysis revealed that the MBD2 protein
levels in the kidney cortices of PT-MBD2-KO mice were consider-
ably lower than that in PT-MBD2-WT mice with or without UUO
injury (Figures 5C and 5D). Thus, proximal tubular MBD2 deletion
mice were constructed.

UUO- and I/R-induced renal fibrosis that was attenuated in PT-

MBD2-KO mice

Littermates of PT-MBD2-WT and PT-MBD2-KO mice were sub-
jected to UUO or I/R for 7 or 21 days. PT-MBD2-KO mice exhibited
markedly attenuated UUO- or I/R-induced tubular damage (Figures
6A and S1C). In addition, the examination of serum creatinine (SCR)
and blood urea nitrogen (BUN) showed that PT-MBD2-KOmice also
notably ameliorated the I/R-induced renal function deterioration
(Figures S1A and S1B). Masson trichome staining demonstrated
that UUO- or I/R-induced accumulation of extracellular matrix
(ECM) was significantly ameliorated in PT-MBD2-KO mice (Figures
6B and S1D); this effect was further confirmed by the fibrotic area
analysis (Figures 6G and S1I). The immunohistochemical staining re-
sults revealed that PT-MBD2-KO mice exhibited markedly reduced
UUO- or I/R-induced expression of FN, Col I and IV, and a-SMA
(Figures 6C–6F and S1E–S1H), which was further demonstrated by
immunohistochemistry staining analysis (Figures 6H and S1J). The
western blot results confirmed that the PT-MBD2-KOmice exhibited
considerable suppression of the UUO- or I/R-induced expression of
FN, Col I and IV, and a-SMA due to downregulation of EGR1 (Fig-
ures 6I, 6J, S1K, and S1L). These data demonstrated that MBD2 in the
proximal kidney tubules mediated the progression of renal fibrosis
during UUO and I/R injury, which supported the in vitro observa-
tions previously described.

MBD2 siRNA ameliorated UUO- and IR-induced renal fibrosis

through suppression of EGR1

To explore the potential therapeutic value of MBD2 in renal fibrosis
disease. We injected MBD2 siRNA at 15 mg/kg through the tail vein
before C57BL/6J mice were subjected to UUO and I/R. The data
showed that MBD2 siRNA attenuated UUO- and IR-induced tubular
damage and accumulation of ECM (Figures S2A, S2B, S2G, S3C, S3D,
and S3I). In addition, I/R-induced renal function deterioration was
attenuated by the MBD2 siRNA (Figures S3A and S3B). In addition,
UUO- and IR-induced expression of FN, Col I and IV, and a-SMA
also was attenuated by injection of MBD2 siRNA (Figures S2C–
S2F, S2H, S3E–S3H and S3J). The immunoblot analysis further
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Figure 3. EGR1 mediated the promoting fibrosis role of MBD2 during BUMPT cells treated with TGF-b1 or co-culture of murine embryonic NIH 3T3

fibroblasts, and BUMPT cells

BUMPT cells were treated with 5 ng/mL TGF-b1 for 0–48 h or transfected with EGR1 siRNA and then treated with 5 ng/mL TGF-b1 for 24 h. (A) Immunoblot analysis of EGR1

at indicated time points. (B) Analysis of the gray-scale image between them. (C) Immunoblot analysis of EGR1, FN, and Col I and IV. (D) Analysis of the gray-scale image

between them. (E) Immunoblot analysis of SMAD3, p-SMAD3, AP-1, TGF-b, ERK1/2, and p-ERK1/2. (F) Analysis of the gray-scale image between them. (G) The murine

embryonic NIH 3T3 fibroblasts were treated with the supernatant from BUMPT cells transfected with plasmid of MBD2 plus with or without EGR1 neutralizing antibody for 24

h, which indicated by the co-culture model diagram of BUMPT cells and murine embryonic NIH 3T3 fibroblasts. (H) Immunoblot analysis of FN, Col I and IV, and a-SMA. (I)

Analysis of the gray-scale image between them. (J) Concentration of EGR1 by ELISA. Data are expressed asmeans ± SD (n = 6). #p < 0.05 versus scramble or control group.

*p < 0.05 versus TGF-b1 or MBD2 group.
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verified MBD2 siRNA markedly reduced expression of FN, Col I and
IV, anda-SMA as well as MBD2 and EGR1 (Figures S2I, S2J, S3K and
S3L). In summary, MBD2-siRNA attenuated UUO- and I/R-induced
renal fibrosis via suppression of EGR1.

Increased expression of MBD2 regulated genes in human

kidneys

We verified the in vitro and in vivo findings by measuring the renal
expression of MBD2, ECM-related proteins expression, and EGR1
in obstructive nephropathy (OB). Tubulointerstitial injury and
fibrosis were markedly elevated in OB kidneys compared with pa-
tients diagnosed with minimal change disease (MCD) (Figures S4A,
S4B, and S4I). Furthermore, nuclear staining for MBD2 and EGR1,
and the expression of FN, Col I and IV, and a-SMA, were significantly
higher in kidneys from patients with OB compared with the MCD
group (Figures S4C–S4H). Data are represented in histograms of
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semi-quantitative immunostaining scores (Figures S4J and S4K).
These observations were consistent with the western blots obtained
for these proteins (Figures S4L and S4M). These results demonstrated
that MBD2 was involved in the regulation of fibrosis in human OB.

DISCUSSION
Although MBD2 has been considered the most promising target for
DNA demethylation therapy in tumor disease,28,29 its role in renal
fibrosis remained unclear. In the present study, for the first time,
we demonstrated that MBD2 siRNA or PT-MBD2-KO attenuated
renal fibrosis that was induced by TGF-b1, UUO, and I/R treatment.
MBD2 directly resulted in the increased expression of EGR1 to induce
renal fibrosis. Similar changes in these molecules were detected in hu-
man kidney samples taken from patients with OB. Together, these re-
sults provided substantial evidence to support the theory that renal
tubular MBD2 is a therapeutic target for renal fibrosis.



Figure 4. MBD2 directly binds to CpG islands of promoter of EGR1 and positively activates transcription of them by hypomethylation of promoter

(A) The patterns of CpG islands of EGR1 promoter and five pairs of primer were predicted by the software of MethPrimer 2.0. (B) ChIP assays represents the binding sites of

MBD2 interaction with CpG islands of promoter of EGR1. (C) qRT-PCR confirmed the expression of CpG islands of promoter of EGR1. (D) Relative luciferase activity of MBD2

or MBD2 mutation plasmids co-transfected with methylated EGR1 pCpGI plasmid in BUMPT cells. (E) CpG-DNA methylation of the EGR1 promoter region. (F and H)

Representative immunoblots of MBD2 and EGR1. (G and I) Densitometry analysis of proteins levels, and normalized to internal control of GAPDH. Data are expressed as

means ± SD (n = 6). #p < 0.05 versus scramble or control group. *p < 0.05 versus TGF-b1 group.
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Recent advances in understanding the functional role of DNA
methylation in renal fibrosis have been reported.4 Furthermore, one
study reported that MBD2 in macrophages mediated the progression
of lung fibrosis.30 However, the role of the MBD family in renal
fibrosis is unknown. In the current study, we demonstrated that
MBD2was induced by TGF-b1 andUUO (Figure 1), andMBD2 posi-
tively regulated the TGF-b1- induced expression of FN and Col I and
IV in renal tubular cells (Figure 2). Consistently, proximal tubular
deletion of MBD2 mice also reduced the UUO- or I/R-induced
expression of renal fibrosis (Figures 6 and S1), which was confirmed
by the injection of MBD2 siRNA (Figures S2 and S3). The results sup-
plied the strong evidence to support that tubularMBD2 alsomediated
the expression of renal fibrosis.

To clarify the regulation mechanism of MBD2 on renal fibrosis, we
focused on EGR1, which is a zinc finger nuclear phosphoprotein
and transcription factor.31–35 Several studies have demonstrated that
EGR1 mediated the progress of renal fibrosis.24–26 In the current
study, we confirmed and extended the finding that EGR1 mediated
TGF-b1-induced renal fibrosis (Figures 3A–3D). In addition, we
also found that inhibition of EGR1 noticeably attenuated TGF-b1-
induced activation of Smad2/3 and ERK1/2 and expression of AP1
(Figures 3E and 3F), which was consistent with the previous
studies.36–38 Furthermore, we found that EGR1 was a key mediator
that tubular cells promote NIH 3T3 fibroblasts to promote ECM accu-
mulation (Figures 3G–3J). Interestingly, the ChIP and methylated
DNA precipitation (MeDIP) assays demonstrated that one of the
five primers (F/R4-4) was amplified (Figures 4A–4C), which suggested
that MBD2 physically interacted with that region of the EGR1 pro-
moter. Furthermore, MBD2 activated the expression of EGR1 through
induction of hypomethylation of the promoter region (Figures 4D and
4E). EGR1 was positively regulated by MBD2 (Figures 4F–4I). Taken
together, these data demonstrated that MBD2 promoted the occur-
rence of renal fibrosis in part by upregulating the expression of EGR1.
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Figure 5. Generation and features of the PT-MBD2-

KO mouse model

(A) Breeding procedure for the creation of PT-MBD2-KO

mice. (B) PCR-based genotyping of wild-type and floxed

alleles of MBD2 and PEPCK-Cre allele. (C) Representative

immunoblots for the expression of MBD2 and GAPDH. (D)

Densitometry analysis of proteins signals, and normalized

to internal control of GAPDH. Data are expressed as

means ± SD (n = 6). #p < 0.05 versus sham group. *p <

0.05 versus PT-MBD2-WT with UUO group.
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In summary, to our knowledge, this is the first report that tubular
MBD2 could act as an inducer of renal fibrosis. Furthermore, we
described a novel mechanism by whichMBD2 induced the expression
of EGR1. These changes resulted in increased renal fibrosis by
inducing the hypomethylation of the promotor. Thus, this study sug-
gested that tubularMBD2might be an attractive therapeutic target for
renal fibrosis.

MATERIALS AND METHODS
Reagents and antibodies

Antibodies were obtained from multiple sources: anti-glyceraldehyde
3-phosphate dehydrogenase (anti-GAPDH) and anti-AP1 from Santa
Cruz Biotechnology (Santa Cruz, CA, USA); anti-MBD2, anti-
collagen I, anti-collagen IV, anti-TGF-b, anti-ERK1/2, anti-p-
ERK1/2, and anti-fibronectin from Abcam (Cambridge, MA, USA);
and anti-EGR1, anti-SMAD3, and anti-p-SMAD3 from Proteintech
Group (Rosemont, IL, USA),NCM Universal Antibody Diluent
(New Cell and Molecular Biotech,Suzhou, China). The recombinant
human TGF-b1 was obtained from Proteintech Group. The plasmids
containing the methylation promoter of EGR1 CpG-free pCpGI lucif-
erase reporter, MBD2 and mtMBD2 (the deletion of the methylated
DNA binding domain), were constructed by the Ruqi Biology
(Guangdong, Guangzhou, China), according to previously published
reports.28,39

Animals

The proximal tubule-specific MBD2-deletion mice were generated
by crossingMBD2flox/flox mice (obtained from ShanghaiModel Organ-
isms, Shanghai, China) with PEPCK-Cremice (provided byDr. Volker
Haase (University of Pennsylvania, Philadelphia, PA), as previously
described.20 The UUO model was produced by ligating the left ureter,
as previously described.40–42 The ischemic acute kidney injury (AKI)
(I/R) model was induced by the duration of bilateral renal artery was
continuously clipped for 28 min and followed by reperfusion for
82 Molecular Therapy: Nucleic Acids Vol. 28 June 2022
21 days.20 The C57BL/6J mice with ischemia-re-
perfusion (I/R) operation were injected with
MBD2-siRNA or control at 15 mg/kg via the
tail vein once a week. Animal experiments were
performed in accord with the guidelines of the
Institutional Committee for the Care and Use of
Laboratory Animals of the Second Xiangya Hos-
pital, People’s Republic of China, and approved
by the Institutional Animal Use Committee of Second Xiangya Hospi-
tal(number 20200310. The mice were housed under a 12-h light/dark
cycle and given free access to clean food and drinking water.

Human samples

After the experimental protocol was approved by the institutional re-
view board (IRB) (number 20200320) of the Second Xiangya Hospi-
tal, the People’s Republic of China, IRB sections were obtained from
kidney biopsies from patients with OB (n = 8) and MCD (n = 8). The
sections were examined using H&E, Masson stains, and immunohis-
tochemistry staining as well as Western blots.

Cell culture and treatments

BUMPT cells were cultured with 10% fetal bovine serum (FBS), 0.5%
penicillin DMEM (Thermo Fisher Scientific, Waltham, MA, USA),
and streptomycin in a 5% CO2 incubator at 37�C.

43,44 At 24 h after
transfection withMBD2 siRNA, a negative control, or MBD2 plasmid,
BUMPT cells were subjected to nutrient deprivation in a serum-free
medium overnight. Then, the cells were or were not treated with
0.1% BSA (control) or TGF-b1 (5 ng/mL) for an additional 24 h.

Cell transfection experiments

BUMPT cells (1�105 cells) were seeded into 6-well plates in complete
DMEM and cultured overnight at 37�C. Medium was removed and
Lipofectamine 2000 (Thermo Fisher Scientific) was used for cell trans-
fection according to manufacturer’s instructions. Si-MBD2, si-Egr1,
and si-NCwere synthesized by Shanghai GenePharma and then trans-
fectedwith atfinal concentrations of 50 nMusing 0.25%Lipofectamine
2000.After 4–6 h of transfection, the culturemediumwas replacedwith
fresh medium, and then the cells were collected by continuous culture
for 48 h. The sequences of siRNA were described as follows: si-MBD2:
50-GAAGAUGAUGCCAGUAAUUUU-30; si- NC: 50-UUCUCCGAA
CGUGUCAC GUTT-30; si-Egr1: 50-CCAAGGCCGAGAUGCAAUU
TT-30; and si- NC: 50-ACGUGACACGUUCGGAGAATT-30.



Figure 6. PT-MBD2-KO mice attenuated UUO-induced renal fibrosis

The left ureter of PT-MBD2-WT and PT-MBD2-KO littermate mice was ligated to establish UUO model for 7 days. (A) Representative H&E staining. (B) Masson trichrome

staining shows interstitial collagen deposition (blue). (C–F) Immunohistochemistry of FN, Col I and IV, and a-SMA. (G) Quantify tubulointerstitial fibrosis in the kidney cortex. (H)

Quantification of immunohistochemistry staining. (I) Representative immunoblots for the expression of FN, Col I and IV, a-SMA, EGR1, and GAPDH. (J) Densitometry analysis

of proteins signals, and normalized to internal control of GAPDH. Data are expressed as means ± SD (n = 6). #p < 0.05 versus sham group. *p < 0.05 versus PT-MBD2-WT

UUO group. Original magnification, �400. Scale bar: 100mm.
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Vivo injection siRNA

MBD2 siRNA used for vivo injection is a chemically modified
siRNA, consisted of a 21-nucleotide length with the following mod-
ifications: Chol-si-MBD2 F,50-AGAcGAuGccAGuAAUUUUTT-
30and Chol-si-MBD2 R,50-AAAAuuACuGGCauCAucuuc-30. The
lower-case letters represent 20-O-methyl (OMe)-modified nucleo-
tides. Chol represents cholesterol linked through a hydroxyprolinol
linkage; it is injected once on the first and fourth days after the
operation. The mouse tail was wiped with alcohol and iodophor.
Afterward, the tail of the mouse was placed in warm water, fol-
lowed by injection of siRNA solution (200 mL) into the root of
the tail. In addition, normal saline was injected with the equal vol-
ume in the control mice. After injection, mice were maintained in
the cage.
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ChIP analysis and transcriptional activation activity

ChIP assays were performed using anti-MBD2, according to the in-
struction described for the ChIP kit (Millipore, USA).13,42,45–47 The
sequence of EGR1 promoter (�2000–0) was input into MethPrimer
Promoter 2.0 (http://www.urogene.org/cgi-bin/methprimer2/Meth
Primer.cgi) to predict CpG islands and design primers. Precipitated
DNA was amplified by PCR using CpG island binding primers
for promoters of EGR1: F1:50-GTTATAGAGGGATTAAGTTTAA
GAAAG-30; R1: 50-CAATCAATTACTCACCCCAAAA-30; F2: 50-TT
ATTTGGATTGGATAAAGGGG-30; R2: 50-TAAACTACCTTACCT
CTACCACCTAT-30; F3: 50-AGTTATAGAGGGATTAAGTTTAAG
AAAG-30; R3: 50-CAATCAATTACTCACCCCAAAA-30; F4: 50-TTA
TAGAGGGATTAAGTTTAAGAAAG-30; R: 50-AATCAATTACTC
ACCCCAAAAA-30; F5: 50-GTTATAGAGGGATTAAGTTTAAGA
AAG-30; and R5: 50-AATCAATTACTCACCCCAAAAA-30. The
transcriptional activation activity of EGR1 was evaluated using the
relative activity of luciferase by employing the Promega kit, as
described previously.48

Methylated CpG-DNA immunoprecipitation

The methylated CpG-DNA immunoprecipitation assay was per-
formed according to the manufacturer’s protocol (Zymo Research,
Irvine, CA, USA), as previously described.49 The enriched genome
was eluted and purified, and the obtained genomic DNA was used
for methylated CpG immunoprecipitation, Supernatants were trans-
ferred to fresh microcentrifuge tubes. The DNA was purified through
a spin column (QIAGEN, Hilden, Germany). DNA was resuspended
in 50 mL of H2O. We used the DNA as a template with TB Green
(TaKaRa, Tokyo, Japan,RR820A) and a LightCycler 96(Roche, Basal,
Switzerland), with the F4/R4 primer and then performed qPCR
analysis.

Bisulfite sequencing

Gene-specific DNA methylation was assessed by a next-generation
bisulfite sequencing PCR (Bisulfite sequencing PCR,BSP). In brief.
1 mg of genomic DNA was bisulfite converted using the EZ DNA
Methylation-Gold Kit (Zymo Research, Irvine, CA, USA), and one-
twentieth of the elution products were used as templates for PCR
amplification with 35 cycles using HiFi HotStart Uracil and Ready-
Mix PCR Kit (Kapa Biosystems, Wilmington, MA, USA). For each
sample, BSP products of multiple genes were pooled equally, 50-phos-
phorylated, 30-dA-tailed, and ligated to barcoded adapter using T4
DNA ligase (New England BioLabs,Frankfurt am Main, Germany).
Barcoded libraries from all samples were sequenced on Illumina
platform. BSP primers were designed using the online MethPrimer
software, EGR1 promoter primer sequence: Forward, 50-TA
GGTAGTGTTTTAAGAATTAGTAGTTAAATG-30, and Reverse,
50-TTCTACAACCRTCATCCTAAACTCAC-30.

Histology, immunohistochemistry, and immunoblot analyses

Harvested kidney tissues were fixed in 4% buffered paraformalde-
hyde, embedded in paraffin blocks, and sectioned at 4 mm thickness.
Sections were stained with H&E and Masson trichrome stains.42,50

Immunohistochemical analyses were carried out using anti-MBD2,
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Col I and IV, FN, and EGR1, according to previously published pro-
tocols.42 The details for quantification have been described in our
recently published study.40 For western blot analysis, tissue lysates
from kidneys or BUMPT cells were subjected to SDS-PAGE gel
electrophoresis, membrane transfer, and immunodetection using
anti-MBD2, Col I and IV, FN, and EGR1 antibodies, according to
published standard procedures.

Statistical analysis

Data were expressed as means ± SD. A two-tailed Student’s t test was
used for two-group comparison. One-way ANOVAwas used for mul-
tiple comparisons. Kruskal-Wallis test was used for the non-para-
metric tests for multiple-group comparison. Statistical significance
was set at p < 0.05.
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Supplemental Figure 1. PT-MBD2-KO mice attenuated IR-induced renal fibrosis. The 

littermate mice of the PT-MBD2-WT and PT-MBD2-KO were subjected to 28 minutes of bilateral 

renal ischemia followed by 21 days of reperfusion. (A) Blood SCR level of mice. (B) Blood BUN 

level of mice. (C) Representative hematoxylin and eosin staining. (D) Masson trichrome staining 

shows interstitial collagen deposition (blue). (E-H) Immunohistochemistry of FN, Col I&IV, and α-

SMA. (I) Quantify tubulointerstitial fibrosis in the kidney cortex. (J) Quantification of 

immunohistochemistry staining. (K) Representative immunoblots for the expression of FN, Col 

I&IV, α-SMA, EGR1 and GAPDH. (L) Densitometry analysis of proteins signals, and normalized 

to internal control of GAPDH. Data are expressed as means ± sd (n=6). # P<0.05 versus sham group. 

* P<0.05 versus PT-MBD2-WT IR group. Original magnification, x400. Scale Bar: 100μm. 
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Supplemental Figure 2. MBD2 siRNA attenuated UUO-induced renal fibrosis. The C57BL/6 

mice with UUO operation were injected with MBD2-siRNA or control at 15mg/kg via the tail vein 

once a week. (A) Representative hematoxylin and eosin staining. (B) Masson trichrome staining 

shows interstitial collagen deposition (blue). (C-F) Immunohistochemistry staining of FN, Col I&IV, 

and α-SMA. (G) Quantify tubulointerstitial fibrosis in the kidney cortex. (H) Quantification of 

immunohistochemistry staining. (I) Representative immunoblots for the expression of FN, Col 

I&IV, α-SMA, EGR1, MBD2, and GAPDH. (J) Densitometry analysis of proteins signals, and 

normalized to internal control of GAPDH. Data are expressed as means ± sd (n=6). # P < 0.05 

versus sham group. *P < 0.05 versus Control with UUO group. Original magnification, x400. Scale 

Bar: 100μm. 
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Supplemental Figure 3. MBD2 siRNA attenuated IR-induced renal fibrosis. The C57BL/6 mice 

with IR operation were injected with MBD2-siRNA or control at 15mg/kg via the tail vein once a 

week. (A) Blood SCR level of mice. (B) Blood BUN level of mice. (C) Representative hematoxylin 

and eosin staining. (D) Masson trichrome staining shows interstitial collagen deposition (blue). (E-

H) Immunohistochemistry of FN, Col I&IV, and α-SMA. (I) Quantify tubulointerstitial fibrosis in 

the kidney cortex. (J) Quantification of immunohistochemistry staining. (K) Representative 

immunoblots for the expression of FN, Col I&IV, α-SMA, EGR1 and GAPDH. (L) Densitometry 

analysis of proteins signals, and normalized to internal control of GAPDH. Data are expressed as 

means ± sd (n=6). # P < 0.05 versus sham group. *P < 0.05 versus Control with IR group. Original 

magnification, x400. Scale Bar: 100μm. 
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Supplemental Figure 4. MBD2-induced downstream genes expression in patients with OB. 

The samples of kidneys from OB patients were gathered. (A) Representative hematoxylin and eosin 

staining. (B) Masson trichrome staining shows interstitial collagen deposition (blue). (C-H) 

Representative immunohistochemistry staining of MBD2, ECM related genes, and EGR1. (I) 

Quantification of the tubulointerstitial fibrosis. (J&K) Quantification of immunohistochemistry 

staining (L) Representative immunoblot of MBD2, ECM related genes and EGR1. (M) 

Densitometry analysis of proteins signals, and normalized to internal control of GAPDH. Data are 

expressed as means ± sd (n=6). # P<0.05 versus MCD group. Original magnification, x400. Scale 

Bar: 100μm. 
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Supplemental Figure 5. The Map of MBD2 plasmid. The sequences listed as below: 

GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATC

TGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTG

GAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAG

GCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCG

CTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACT

AGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATG

GAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCC

CAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAA

CGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA

ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCT

ATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACAT

GACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGC

TATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGC

GGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGG

AGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAA

CTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCT

ATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTT
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ATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCgccacc

ATGCGCGCGCACCCGGGGGGAGGCCGCTGCTGCCCGGAGCAGGAGGAGG

GGGAGAGCGCGGCGGGCGGCAGCGGCGCTGGCGGCGACTCCGCCATAGA

GCAGGGGGGCCAGGGCAGCGCGCTCGCTCCGTCCCCGGTGAGCGGCGTGC

GCAGGGAAGGCGCTCGGGGCGGCGGCCGTGGCCGGGGGCGGTGGAAGCA

GGCGGCCCGGGGCGGCGGCGTCTGTGGCCGTGGCCGTGGCCGTGGCCGGG

GTCGGGGCCGTGGCCGGGGCCGGGGCCGGGGCCGCGGCCGTCCCCAGAG

TGGCGGCAGCGGCCTTGGCGGCGACGGCGGCGGCGGCGCGGGCGGCTGC

GGCGGCGGCAGCGGTGGCGGCGTCGCCCCCCGGCGGGATCCTGTCCCTTT

CCCGTCGGGGAGCTCGGGGCCGGGGCCCAGGGGACCCCGGGCCACGGAG

AGCGGGAAGAGGATGGACTGCCCGGCCCTCCCCCCCGGATGGAAGAAGG

AGGAAGTGATCCGAAAATCAGGGCTCAGTGCTGGCAAGAGCGATGTCTAC

TACTTCAGTCCAAGTGGTAAGAAGTTCAGAAGTAAACCTCAGCTGGCAAG

ATACCTGGGAAATGCTGTTGACCTTAGCAGTTTTGACTTCAGGACCGGCA

AGATGATGCCTAGTAAATTACAGAAGAACAAGCAGAGACTCCGGAATGA

CCCCCTCAATCAGAACAAGGGTAAACCAGACCTGAACACAACATTGCCAA

TTAGACAAACTGCATCAATTTTCAAGCAACCAGTAACCAAATTCACGAAC

CACCCGAGCAATAAGGTGAAGTCAGACCCCCAGCGGATGAATGAACAAC

CACGTCAGCTTTTCTGGGAGAAGAGGCTACAAGGACTTAGCGCATCAGAT

GTAACAGAACAAATTATAAAAACCATGGAGCTACCTAAAGGTCTTCAAGG

AGTCGGTCCAGGTAGCAATGACGAGACCCTTCTGTCTGCTGTGGCCAGTG

CTTTACACACAAGCTCTGCGCCCATCACAGGACAAGTCTCTGCTGCCGTG

GAAAAGAACCCTGCTGTTTGGCTTAACACATCTCAACCCCTCTGCAAAGC

TTTCATTGTTACAGATGAAGACATTAGGAAACAGGAAGAGCGAGTCCAAC

AAGTACGCAAGAAACTGGAGGAGGCACTGATGGCCGACATCCTGTCCCG

GGCTGCGGACACGGAGGAAGTAGACATTGACATGGACAGTGGAGATGAG

GCGTAACTCGAGTCTAGAGGGCCCGTTTAAACCCGCTGATCAGCCTCGAC

TGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCC

TTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGA

AATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGT

GGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCT

GGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGG

GCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG

GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGC

GCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTT

CCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCT

TTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAG

TGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCAC

GTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTAT

CTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGG

TTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGG

AATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAG
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AAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGT

CCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAG

TCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCG

CCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATG

CAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGA

GGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGAGCTTGTATA

TCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATT

GAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCT

ATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCG

TGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACC

TGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGG

CTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGA

AGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTC

CTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCA

ATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCA

AGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTG

TCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGA

ACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCG

TGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGC

TTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAG

GACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATG

GGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCG

CATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGG

TTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGA

TTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGA

CGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCG

CCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATA

GCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTG

GTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCT

CTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATT

GTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGT

AAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCG

CTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATG

AATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG

CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG

TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGAT

AACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACC

GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG

AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGG

ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC

TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGG

AAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA
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GGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCG

ACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGAC

ACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCG

AGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGG

CTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA

CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCT

GGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAA

AGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG

GAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGA

TCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAA

GTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAG

GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTC

CCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAG

TGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAG

CAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAAC

TTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG

TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCAT

CGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA

ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTA

GCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTAT

CACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCG

TAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAAT

AGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAAT

ACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTC

TTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGA

TGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCA

GCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGG

AATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATA

TTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGA

ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAA

AAGTGCCACCTGACGTC.  
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