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Background: Further research needs to be conducted on the role of genetic variables in kidney
transplantation fibrosis. In this study, we used next-generation sequencing (NGS) to examine the relationship
between matrix metalloproteinase (MMP) genes and single-nucleotide polymorphisms (SNPs) in renal
allograft fibrosis.

Methods: This study comprised 200 patients, whose complete DNA samples were taken. The SNPs in
MMP genes were identified using targeted NGS. Hardy-Weinberg equilibrium (HWE) and minor allele
frequency (MAF) tests were conducted, followed by a linkage disequilibrium (LD) analysis. Finally, the SNPs
and severity of kidney allograft fibrosis were evaluated using different inheritance models.

Results: In total, 41 MMP gene-related SNPs were identified using targeted sequencing, and 20 tagger
SNPs were retained for further study. The general linear models (GLMs) revealed that sirolimus treatment
had a substantial effect on kidney graft fibrosis. The multiple inheritance model analyses revealed that
SNP 159059 of the MMP9 gene was strongly associated with kidney graft fibrosis. The in-vitro experiments
showed the MMP9 rs9509 mutation promotes the process of epithelial-mesenchymal transition (EMT) in
the human kidney 2 (HK2) cells.

Conclusions: The SNP rs9059 is associated with significant kidney allograft pathological changes by
promoting EMT progression. Our findings provide insights into the etiology of renal allograft interstitial
fibrosis and the MMP9 could be used as a potential treatment target in the future.
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Introduction

Fibrosis of the transplanted kidney is a major cause of
chronic graft loss and limits the long-term survival of kidney
grafts (1). The main manifestation of kidney graft fibrosis
is interstitial fibrosis and tubular atrophy (IFTA), which is
caused by various injuries, including immune rejection, the
inflammatory response, and genetic factors (2,3). Recently,
the gene polymorphisms that promote the formation of
renal fibrosis have been reported in several studies (4-7).
Thus, further research needs to be conducted on genetic
variables in this field.

Matrix metalloproteinase (MMP) is an endopeptidase
in the extracellular matrix (ECM) and contains a variety
of proteins, including MMP-1, MMP-2, MMP-3, MMP-
7, MMP-9, and MMP-10 (6,8,9). The MMP family plays
a critical role in several physiological processes, including
organogenesis, tissue wound healing, angiogenesis, cell
proliferation, and motility (10). Research has shown
that molecules in the MMP family are connected to the
development of graft rejection after renal transplantation (11).
Rodrigo et al. found that serum MMP-1 may induce acute
rejection by regulating the production of the inflammatory
cytokines, while MMP-2 and MMP-3 reflect glomerular
and interstitial ECM changes in chronic transplant
nephropathy (12). In addition, post-transplant MMP-
9 concentrations have been reported to be indicators of
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the long-term function of the transplanted kidney and to
be correlated with tubular atrophy and fibrosis (13). The
genetic variations within the MMP-3/MMP-12 locus affect
the susceptibility of type 1 diabetes patients to diabetic
nephropathy (14). A single-nucleotide polymorphism (SNP)
analysis of biopsied kidney samples showed that MMP14 is
associated with the risk of development of focal segmental
glomerulosclerosis (15). However, the role and function
of gene polymorphisms in MMPs in interstitial fibrosis
formation after kidney transplantation are unknown.

Interstitial fibrosis in transplanted kidneys is mainly
caused by the deposition of collagen secreted by fibroblasts.
Renal tubular epithelial cells are induced to transform
into mesenchymal cells, which become fibroblasts through
the process of epithelial-mesenchymal transition (EMT)
(16,17). During the EMT process, epithelial cells lose
their epithelial phenotype and the expression of junction
markers fibronectin (FN) and acquire mesenchymal cell
characteristics, such as increased collagen synthesis and
expression of a-smooth muscle actin (a-SMA), resulting
in ECM protein production (18-20). The effect of SNP in
MMP genes on EMT-mediated transplant kidney fibrosis is
still not known.

In this study, we used high-throughput and deep next-
generation sequencing (NGS) to explore the relationships
between MMP gene SNPs in renal transplant recipients
and renal allograft fibrosis. The function of MMP9 mutant
promotion in EMT was verified by an in-vitro experiment.
We present the following article in accordance with
the MDAR reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-506/rc).

Methods
Ethical statement

The Ethics Committee of Nanjing Medical University’s
First Affiliated Hospital reviewed and approved the study
protocol (No. 2016-SR-029). By signing the written
informed consent form, all the kidney transplant recipients
confirmed that they understood the procedures and risks
indicated therein. The techniques used in this study adhered
to the Declaration of Helsinki (as revised in 2013).

Study population

A total of 200 transplant recipients at the Renal
Transplantation Center of The First Affiliated Hospital
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of Nanjing Medical University who underwent kidney
transplantation from February 2010 to December 2015
were recruited for this study. The inclusion and exclusion
criteria were described in our previous related study (21).
Medical information, including each recipient’s age, sex,
weight, demographic details, the cause of the kidney
disease, serum creatinine, and human leukocyte antigen
(HLA) mismatch, were extracted from hospital records. The
immunosuppression regimen after renal transplantation
was described in our previous study (22). All the patients
were given a 3- or 4-drug immunosuppressive regimen
that included cyclosporin A or tacrolimus, mycophenolate
mofetil, and prednisone, with or without sirolimus. The
drug doses were modified based on the therapeutic drug
monitoring results of serum creatinine levels. Basiliximab
or anti-human thymocyte immunoglobulin was used in the
transplant induction therapy.

The transplant recipients participating in this study
provided their informed consent to undergo a post-
renal puncture biopsy, and the severity and type/grade of
the fibrosis were diagnostically classified and scored by
a nephrologist according to the Banff 2017 criteria for
allografts.

Sample preparation and target sequencing analysis

Peripheral blood (2 mL) samples were obtained from each
participant, and DNA was extracted. The content and purity
of the genomic DNA (gDNA) were quantified, and gene
integrity was confirmed by agarose gel electrophoresis. A
pool containing upstream and downstream oligonucleotides
unique to the selected areas of interest was hybridized
into the gDNA samples. With an ABI 9700 polymerase
chain reaction (PCR) apparatus, quantitative detection was
conducted, and fragmentation was followed by end repair,
dA tailing, and sequencing adaptor ligation. The adapter-
ligated DNA was amplified using selective, limited-cycle
PCR and then quantified. The mixture was amplified for
16 PCR cycles and quantified. The collected libraries
were denatured and placed at 12 to 16 pmol/L onto an
Ilumina cBot instrument for cluster creation according
to the manufacturer’s recommendations. Each high-
quality sequence (HiSeq) lane could sequence up to 20
WUCaMP libraries. To analyze the sequencing data for the
human reference sequence UCSC hg19 (NCBI build 37.2)
assembly, we used the Genome Analysis Tool Kit, Picard
Software, and dbSNP 132. The MuTect 1.1.5 and VarScan
2.3.6. programs were used to identify the potential somatic

© Translational Andrology and Urology. All rights reserved.

377

variant cells.

In-vitro experiment

The human kidney 2 (HK2) cells were cultured in
Dulbecco’s Modified Eagle Medium/F12 media with 10%
fetal bovine serum and 1% penicillin-streptomycin in a
humidified environment containing 5% carbon dioxide. The
cells were serum-starved overnight and then treated with
10 ng/mL of transforming growth factor-B (TGF-p) for 0,
12, 24, or 48 hours to determine the effect of TGF-p on the
HK2 cells. Total protein and RNA were extracted for the
western blot assays and quantitative real-time PCR (qRT-
PCR). The protocols for the western blot assays and qRT-
PCR were detailed in previous research (19). The following
primary antibodies were used: anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (1:1,000; CST, USA),
anti-a-SMA (1:1,000; Abcam, USA), anti-CD31 (1:1,000;
CST), anti-FN (1:1,000; BD Biosciences, USA), and anti-
MMP9 (1:1,000; Abcam).

Wound-bealing tests and transwell assays

The wound-healing tests were carried out by plating the
cells in 6-well culture plates. Pipette tips were used to scrape
the cells, which were then rinsed in phosphate-buffered
saline. Fresh whole-media containing TGF-p (10 ng/mL)
was introduced to the scratched cells for 24 hours. Images
were taken after scraping the cells at x100 magnification for
0 and 24 h under an inverted microscope. Each assay was
repeated independently at least 3 times.

The cells were cultured on 24-well culture plates to study
HK2 migration. For the number of cells per top chamber,
the cells were injected at a density of 5x10* on the upper
surface of polycarbonate filters with 8-pm holes in media
containing 10 ng/mL of TGF-B. The non-invasive cells
on the top chamber surface were removed using a cotton
swab after 48 hours of incubation at 37 °C. The cells on the
bottom were fixed with 4% paraformaldehyde and then
stained with 0.1% crystal violet for 10 min. Using a phase
contrast microscope at x100 magnification, the number of
cells present on the bottom surface was counted to quantify
cell migration.

Statistical analysis

The Hardy-Weinberg equilibrium (HWE) analysis was
performed using the RStudio version 4.0.5 software
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Table 1 Renal fibrosis-related information of the patients included
in this study

Variables Values
Fibrosis group case number 69
IFTA
Mild 32
Moderate 24
Severe 13
Banff score* (mean + SD)
CG 0.072+0.31
Cl 1.43+0.53
CT 1.57+0.67
cv 0.57+0.79
CH 0.13+0.38

*, Banff score was obtained following the Banff 2017 revised
diagnostic criteria. IFTA, interstitial fibrosis and tubular atrophy;
SD, standard deviation; CG, glomerular basement membrane
double contours; Cl, interstitial fibrosis; CT, tubular atrophy; CV,
vascular fibrous intimal thickening; CH, interstitial hemorrhage.

(Boston, MA, USA) and the “SNPassoc” package version
2.0-2, while the minor allele frequencies (MAFs) and
linkage disequilibrium (LD) blocks were performed using
the Haploview version 4.2 program (Broad Institute,
Cambridge, MA, USA). General linear models (GLMs)
were used to investigate the possible link between the
clinical factors and renal allograft fibrosis. Five inheritance
models were used in the genotype association analysis,
including the dominant model (minor allele homozygotes
plus heterozygotes vs. major allele homozygotes), the
recessive model (minor allele homozygotes vs. heterozygotes
plus major homozygotes), the codominant model (major
allele homozygotes vs. heterozygotes vs. minor allele
homozygotes), and the overdominant model (version 2.0-2).

GraphPad Prism 7.0 software was used to calculate the
mean and standard deviation (SD) of at least 3 separate trials.
An unpaired Student’s #-test or 2-way analysis of variance was
used to compare the mutant and wild-type groups. A P value
<0.05 was considered statistically significant. When multiple
comparisons occurred, Bonferroni correction procedures

were used to avoid inflating the P values.
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Results
Clinical characteristics of the involved patients

Based on the occurrence of biopsy-proven transplanted
kidney fibrosis events, the patients were classified into the
graft fibrosis group (n=69) and the control group (n=131). In
this study cohort, there were no confounding factors, such
as age, recipient gender, type of donor, and HLA matching
(P>0.05). All the patients were undergoing primary kidney
transplantation with negative panel reactive antibody pre-
surgery. Approximately 12% of the patients were treated
with sirolimus postoperatively. Detailed demographic
information has been provided in the supplementary
document (Table S1).

The degree of IFTA was identified and classified as mild,
moderate, or severe, and the Banff score in each biopsy
was obtained by 2 independent pathologists (23). As Table 1
shows, the number of patients classified as mild, moderate,
or severe was 32 (46.38%), 24 (34.78%), and 13 (18.84%),
respectively.

Identification of the SNPs in the MIMP genes

We performed target sequencing based on NGS for the MMP
genes and identified 41 SNPs involved in 5 related genes (i.e.,
MMP1, MMP2, MMP3, MMP9, and MMP10). Table S2 lists
the genetic information of the 5 identified SNPs.

Next, the common variants were defined as those with an
MAF >0.05, and a threshold of 0.05 was set for the HWE
values. After performing the MAF and HWR analysis,
41 SNPs were identified. Further, 20 tagger SNPs were
identified by the LD analysis (Figure 1), including rs9509,
rs17859975, Chr11:102711338, rs243835, rs11640428,
rs13969, Chr11:102713046, rs12599775, rs243846, rs243849,
rs1030868, rs2250889, rs17860949, rs1053605, rs14070,
rs3918251, rs470558, rs1132896, rs171498, and rs470263.

Multiple inberitance model analysis

In relation to the continuous variables, we included the
indicators in a sequential manner in a model that used the
adjusted confounding factors based on the relative degree
of their connection with allograft fibrosis. In our previous
study, the administration of sirolimus was identified as the
confounding factor by the GLM analysis, which suggests
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Figure 1 Linkage disequilibrium plot of SNPs in the detected genes. SNPs, single-nucleotide polymorphisms.

Table 2 The results of the multiple inheritance model analysis using general linear models adjusted by confounding factors

SNPs Codominant Dominant Recessive Overdominant Log-additive
rs243846 0.041 0.14 0.015 0.51 0.019
rs1053605 0.073 0.022 0.62 0.028 0.028
rs9509 0.034 0.13 0.015 0.52 0.038
rs11640428 0.0090 0.0064 0.71 0.0023 0.050

SNPs, single-nucleotide polymorphisms.

that sirolimus treatment significantly affects the severity of
fibrosis in renal grafts (21).

Next, after using the Bonferroni correction to adapt the
various sirolimus treatments (adjusted P=0.005), a multiple
inheritance model analysis was performed for each of the
5 analytical models (i.e., the dominant, recessive, additive,
overdominant, and codominant models) to investigate the
association between these MMP tagger SNPs and renal
graft fibrosis after kidney transplantation (Table S3). The
results showed that 4 SNPs (i.e., rs243846, rs1053605,
rs9509, and rs11640428) were significantly correlated with
allograft fibrosis in at least 1 or more of the models (7able 2).

We also explored the effect of the SNPs on IFTA and
found that rs9509 was significantly associated with the
severity of IFTA (likelihood ratio =20.08, P<0.0001). No
positive results were observed in the other significant SNPs
(Table S4). We also chose 3 genotypes (i.e., CC, TC, and
TT) and compared the variations among various degrees of
IFTA. We found no significant differences in the degrees
of IFTA (i.e., mild, moderate, and severe IFTA) among the

© Translational Andrology and Urology. All rights reserved.

CC, CT, and TT genotypes. Notably, we discovered that
when 1 T allele occurred (in the T'C genotype), there was
a slight increase in the severity of IFTA as compared to the
group in which the T allele did not occur. Additionally,
there was a marked increase in the proportion of severe
IFTA in samples with 2 T alleles (in the TT genotypes).
These findings suggested that as the frequency of T alleles
increased, so too did the severity of IFTA.

The MMP9 rs9509 mutation promotes EMT in HK?2 cells

TGF-B is recognized as an effective inducer of kidney
fibrosis and has been used to stimulate the EMT in
previous research (19). To investigate the relationship
between MMP9 and EMT in renal interstitial fibrosis, we
conducted an in-vitro experiment dependent on TGF-B
induction. Figure S1 shows the results of the construction
and verification of the MMP9 rs9509 mutant plasmid. The
HK2 cells were stimulated with 10 ng/mL of TGF-B for
different times (0, 12, 24, or 48 hours). TGF-p increased the
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Figure 2 Biological identification of the MMP-9 rs9509 mutant plasmid in the HK2 cells. (A) The HK2 cells were treated with TGF-B1,
and the expression of MMP9 was examined by western blotting assays. (B) Identification of the MMP9 rs9509 mutant plasmid in the HK2
cells. ***, P<0.001. (C) The HK2 cells were treated with TGF-p1 and/or the MMP9 rs9509 mutant plasmid, while the biomarkers related
to EMT were examined by western blotting assays. (D) Transwell assays were used to examine the biological function of the MMP9 rs9509

mutant plasmid. The cells were stained with 0.1% crystal violet, scale bar: 20 pm. (E) Wound-healing assays were used to examine the

motility function of the MMP9 rs9509 mutant plasmid. The scratch was photographed under a light microscope at x100 magnification, scale

bar: 20 pm. T'GF-B, transforming growth factor-B; MMP, matrix metalloproteinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase;

a-SMA, a-smooth muscle actin; FN, fibronectin; EMT, epithelial-mesenchymal transition.

protein expression of MMP9 in a time-dependent manner
(Figure 2A4). These data showed that the HK-2 cells
underwent transition into mesenchymal cells after the
administration of TGF-B, and MMP9 was involved.

Next, to determine the biological significance of the
kidney fibrosis-associated rs9059 mutation in the MMP9
gene, we transfected the rs9059 mutated plasmids into
HK-2 cells (with MMP9 wild-type cells as the control). We
found that the expression of MMP9 protein and messenger
RNA was significantly increased by the transfer of the

© Translational Andrology and Urology. All rights reserved.

rs9059 mutation in the HK-2 cells (Figure 2B). The western
blot assay results demonstrated that the expression of FN,
CD31, and a-SMA was significantly increased, while the
expression of CD31 was significantly reduced in the rs9059
plasmids transferred cells after the TGF-f stimulation
(Figure 2C). In addition, wound-healing tests and transwell
assays were carried out to investigate the development of
migratory potential following mutant therapy. The results
demonstrated that the cells transfected with the rs9059
mutant plasmid exhibited more mobility and migratory
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capacity than the control wild-type cells (Figure 2D,2E).
"Taken together, these data suggest that the rs9059 mutation
of the MMP9 gene further facilitated EMT.

Discussion

In solid organ transplantation, several studies have shown
the involvement of MMP in allograft injury, including
ischemia-reperfusion injury, and acute or chronic rejection
(24,25). Further research should be conducted on the role
of MMP genes in transplanted kidney fibrosis. In this
study, we explored the association between SNPs in the
MMP genes and fibrosis in kidney transplant recipients.
MMP9 159059 was found to be significantly correlated with
allograft renal fibrosis.

Many studies of renal graft fibrosis in recent years have
provided evidence of the important role of SNPs in this
process. Caveolin-1 rs4730751 SNP has been reported to be
significantly associated with allograft failure in independent
cohorts (26). Another study found that the presence of the
donor SHROOM3 locus rs17319721 allele is associated
with increased SHROOM3 expression and fibrosis in
homozygous grafts, which was confirmed iz vitro (4). The
SNPs of TGFB1 involving promoter regions show more
decisive associations with the progression of transplanted
kidney fibrosis compared to healthy control recipients (27).

Chronic kidney transplant injury is characterized by
IFTA and the accumulation of ECM. MMPs and their
inhibitors, which are regulators of ECM physiology, cause
ECM deposition and promote organ fibrosis when the
dynamic balance is disrupted. Conversely, the activation
of MMPs can form a cascade effect to promote the
amplification of MMP family protein synergy. Research has
shown that MMPs can induce EMT in vivo, they can act
on laminin and type IV collagen in the tubular basement
membrane, disrupting the integrity of the basement
membrane and allowing transformed mesenchymal cells
to migrate and invade the renal mesenchyme (28,29). The
results of our /n-vitro studies showed that MMP9 mutations
significantly contribute to the progression of EMT in HK-2
cells, as evidenced by altered expression levels of marker
proteins and increased cell invasive migration ability, which
is consistent with the previous results (28,29).

In our study, we sequenced locus mutations in the MMP
genes and identified an SNP mutation rs9059 that may
contribute to graft fibrosis. Natural sequence variations,
such as non-synonymous SNPs in the promoters and coding
regions of MMP genes, may cause different expressions
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of MMPs in different people (30). Similarly, we found
that the rs9059 mutation positively affects MMP9 protein
expression in vitro. These findings explain the results
observed in our cohort. We found that as the T alleles
increase, the pathological manifestations of IFTA are more
severe, which suggests that the difference is meaningful and
should be investigated further with a larger sample size.
Thus, we identified a specific biomarker for the diagnosis of
graft fibrosis at the early stage post-kidney transplantation
to predict the long-term prognosis of the transplanted
kidney. In addition, we found that this locus may represent
a prospective therapeutic target whereby MMP9 and its
nucleotide mutations can be targeted to optimize the long-
term prognosis of the transplanted kidney.

This study had several limitations. First, only 200
participants were enrolled in this study, which may have
created a potential bias in the final outcomes. Second,
there was a lack of a second cohort to validate the results
derived from the primary exploration cohort, but the
in-vitro experiment results provide further evidence to
support the conclusions drawn. Thus, a prospective, well-
designed study should be carried out for further validation,
and the interaction between these SNPs in kidney graft
fibrosis need to be examined further in future studies.

Conclusions

MMP?9 is involved in the pathogenesis of kidney fibrosis
after renal transplantation, and the SNP rs9059 mutant
is significantly connected to remarkable kidney allograft
pathological changes and can promote the process of EMT.
Our findings provide insights into the etiopathogenesis of
renal allograft interstitial fibrosis caused by SNP variations
of MMP genes and MMP9 could be used as a candidate
target for future treatment.
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Figure S1 Construction and verification of the MMP9 rs9509 mutant plasmid. (A) Information of the vector of the mutant plasmid. (B)
Results of the verification of the MMP9 rs9509 mutant plasmid by polymerase chain reaction. Lane 1: blank control (dldH2O). Lane 2: blank
control (vector). Lane 3: positive control (glyceraldehyde-3-phosphate dehydrogenase). Lane 4: Marker. Lane 5-12: converter 1#-8#. MMP,

matrix metalloproteinase.

Table S1 Demographic information of the included participants in our study
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B 1 2 3 45 6 7 8 9 10 11 12

Characteristics Graft fibrosis group (n=69) Control group (n=131) P value
Age, years, mean = SD 40.67+2.96 41.29+1.92 NS
Sex (male/female) 42/27 82/49 NS
PRA before transplantation (%) 0.00 0.00 NS
HLA matching, mean + SD 1.05+1.26 0.98+1.17 NS
Type of donor (living-related/DCD) 6/63 18/113 NS

SD, standard deviation; NS, not significant; PRA, panel reactive antibody; HLA, human leukocyte antigen; DCD, donation after cardiac

death.
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Table S2 The genetic information of the SNPs detected in this study

Chromosome Location Wild-type allele Mutation allele ~ Gene Function Serial number
chri1 102666316 T C MMP1 Exonic rs470558

chri1 102649856 T C MMP10 Intronic rs470263

chri1 102650246 G A MMP10 Exonic rs17860949
chr16 55516767 G A MMP2 Intronic rs1030868

chr16 55517162 A G MMP2 Intronic rs1477017

chr16 55519535 G C MMP2 Exonic rs1132896

chr16 55519607 C T MMP2 Exonic rs1053605

chr16 55519701 C T MMP2 Intronic rs17859889
chr16 55519832 T G MMP2 Intronic rs111278338
chr16 55523705 T C MMP2 Exonic rs243849

chr16 55523782 G C MMP2 Intronic rs12599775
chr16 55523902 G T MMP2 Intronic rs17859922
chr16 55525913 G C MMP2 Intronic rs243846

chr16 55527026 A T MMP2 Intronic rs11640428
chr16 55527113 G A MMP2 Exonic rs2287074

chr16 55527298 G A MMP2 Intronic rs243843

chr16 55530762 G T MMP2 Intronic rs171498

chr16 55530772 T G MMP2 Intronic rs243838

chr16 55531030 C T MMP2 Intronic rs17859975
chr16 55532120 G A MMP2 Intronic rs2287075

chr16 55532458 T C MMP2 Intronic rs2287076

chr16 55536622 C T MMP2 Intronic rs243835

chr16 55536687 A G MMP2 Splicing rs243834

chr16 55536727 C T MMP2 Exonic rs14070

chr16 55539191 C G MMP2 Intronic rs243832

chri1 102709425 A G MMP3 Exonic Chr11:102709425
chri1 102709522 T A MMP3 Intronic Chr11:102709522
chri1 102711338 T C MMP3 Intronic Chr11:102711338
chri1 102713046 C T MMP3 Intronic Chr11:102713046
chri1 102713465 A G MMP3 Exonic Chr11:102713465
chr11 102713620 T C MMP3 Exonic Chr11:102713620
chr20 44638781 A G MMP9 Intronic rs3918251

chr20 44639692 G T MMP9 Splicing rs2274755

chr20 44640225 A G MMP9 Exonic rs17576

chr20 44640391 C T MMP9 Splicing rs3918254

chr20 44640575 A G MMP9 Intronic rs2236416

chr20 44642406 G C MMP9 Exonic rs2250889

chr20 44642833 A C MMP9 Exonic rs13969

chr20 44643111 G A MMP9 Exonic rs17577

chr20 44644965 G A MMP9 Exonic rs13925

chr20 44645153 T C MMP9 Utr3 rs9509

SNPs, single-nucleotide polymorphisms; MMP, matrix metalloproteinase.
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Table S3 Results of the multiple inheritance model analysis using general linear models adjusted by confounding factors

SNPs Codominant Dominant Recessive Overdominant Log-additive
rs243849 0.220393 0.087684 0.417312 0.170904 0.088015
rs243838 0.255049 0.106782 0.417312 0.203766 0.102959
rs3918254 0.25433 0.243541 0.165771 0.432447 0.152375
rs12599775 0.357842 0.222657 0.309334 0.351358 0.169048
rs2287075 0.357842 0.222657 0.309334 0.351358 0.169048
rs470263 0.175916 0.12944 0.412819 0.090871 0.200515
rs243835 0.411849 0.190254 0.503278 0.389942 0.200606
rs243834 0.411849 0.190254 0.503278 0.389942 0.200606
rs243832 0.411849 0.190254 0.503278 0.389942 0.200606
Chr11.102709425 0.333776 0.885557 0.148333 0.452751 0.431614
Chr11.102713620 0.333776 0.885557 0.148333 0.452751 0.431614
rs171498 0.788821 0.498979 0.740657 0.612026 0.501166
Chr11.102713465 0.298527 0.932643 0.148333 0.326251 0.54053
rs1030868 0.521779 0.898947 0.268753 0.579418 0.550946
Chr11.102709522 0.490034 0.459217 0.412819 0.375489 0.566727
Chr11.102713046 0.490034 0.459217 0.412819 0.375489 0.566727
rs2274755 0.877018 0.614495 0.811599 0.674247 0.612582
rs2236416 0.877018 0.614495 0.811599 0.674247 0.612582
rs1132896 0.115272 0.25304 0.209927 0.074817 0.615429
Chr11.102711338 0.367137 0.860899 0.20295 0.326251 0.637736
rs1477017 0.486985 0.956649 0.268753 0.460553 0.645083
rs470558 0.358902 0.88675 0.154649 0.832029 0.660505
rs17577 0.913405 0.683513 0.811599 0.748531 0.670709
rs13925 0.913405 0.683513 0.811599 0.748531 0.670709
rs3918251 0.946079 0.744491 0.958126 0.777409 0.800454
rs17576 0.963295 0.873979 0.792019 0.997059 0.810855
rs17859922 0.805175 0.970225 0.517929 0.87908 0.839698
rs17859889 0.787249 0.933456 0.517929 0.783833 0.927627
rs111278338 0.787249 0.933456 0.517929 0.783833 0.927627
rs14070 0.890442 0.825938 0.740657 0.67904 0.975255
rs17859975 0.759119 0.840024 0.517929 0.693669 0.984919
rs2250889 0.78695 0.763555 0.633295 0.548008 0.986081
rs17860949 0.79562 NA NA NA NA
rs13969 0.143072 0.124977 0.104802 0.371857 0.061997

SNPs, single-nucleotide polymorphisms.

Table S4 Association between SNPs and the severity of IFTA

SNPs Likelihood ratio P value
rs243846 0.37 0.99
rs1053605 7.94 0.094
rs11640428 2.74 0.60

SNPs, single-nucleotide polymorphisms; IFTA, interstitial fibrosis
and tubular atrophy.

© Translational Andrology and Urology. All rights reserved. https://dx.doi.org/10.21037/tau-22-506



