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Abstract

Introduction and Objectives. Lithiasis is a name given to the pathology that brings together under its umbrella the 
bioumoral and local factors that lead to the appearance of urinary lithiasis. Regarding the applications of genetics in 
the field of nephrolithiasis, we can say that things have been set in motion a great deal after the introduction of the 
GWAS (genome-wide association studies).

Material and methods. This study consists of 1988 hospital patients; 127 unrelated, confirmed nephrolithiasis cases, 
and 1861 controls, consisting of patients admitted for urological and surgical conditions other than nephrolithiasis. 
DNA was extracted from whole blood at deCODe Genetics (Reykjavik, Iceland) and genotyped using Infinium Omni-
express‐24 bead chips. An association test was performed between the 8.5 million markers and a phenotype repre-
sented by the confirmed nephrolithiasis diagnostic.

Results. To search for new susceptibility loci associated with nephrolithiasis, we tested a total of 8.5 million genetic 
variants in a Romanian cohort. No variants tested in the Romanian GWAS reached genome‐wide significance (P‐value 
lower than 5 × 10−8), while 14 markers showed association P‐values <1 × 10−6.

Conclusions. Despite the lack of replication, we strongly consider our results an important stepping-stone for the 
future development of genetic screening of renal lithiasis in the Romanian population.
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Introduction
Lithiasis is a name given to the pathology that 

brings together under its umbrella the bioumoral and 
local factors that lead to the appearance of urinary lithi-
asis [1]. This simple definition explains a very complex 
condition that, with all the progress made by science 
in general and medicine in particular, it cannot be fully 
controlled. The urologist, who has the task of treating 
the patient with lithiasis, cannot perform effective pro-
spective prophylaxis, but only retrospective prophylax-
is through the dietary and water intake recommenda-
tions he makes only after treating a patient.

In the era of genomics and immunological treat-
ments, the treatment of patients with urinary lithiasis 
follows principles that have not changed for many de-
cades. Lately, endourology has come a long way, open 
surgery becoming almost obsolete. But the tendency 
in modern medicine is towards prophylaxis. For the 
moment, after obtaining a urinary calculus or some 
fragments from it and performing a spectrophotome-
try, the urologist is able to recommend a certain diet. 
Also, the radiological aspect of the calculus or the 
changes in the urinary sediment can help a urologist 
to find out the composition of the calculus, and after-
wards this can lead to a change in the diet.

The time has come to apply the latest discoveries 
in genomics in order to master this disease, which has 
an increasing prevalence in all age groups, throughout 
the world, in both sexes [2]. One explanation for the in-
creased prevalence would be that the time we live in 
is simply the best period of humanity. Studies suggest 
that it has never been better for the majority of the 
population to live, with a rising life expectancy, declin-
ing infant mortality, access to medical services, educa-
tion, food, water, etc. [3]. On the other hand, higher rates 
of obesity, diabetes, increased protein intake, seden-
tary lifestyle led to an increased incidence of lithiasis [4].

Genomics is an interdisciplinary field of biology, fo-
cused on the structure, function, evolution, mapping 
and editing of genomes. A genome is a complete DNA 
set of an organism, meaning all its genes. Unlike genet-
ics, which means the study of individual genes and their 
roles in inheritance, genomics aims at the collective 
characterization and quantification of all genes in an 
organism, their interrelationships and their influence 
on the organism [5]. Genomics also involves genome 
analysis using DNA sequencing and bioinformatics to 
understand the function and structure of the entire 
genome [6, 7, 8]. Moreover, nowadays, concepts such as 
epistasis (the effect of one gene on another gene), plei-

otropy (affecting several phenotypic traits through the 
action of a single gene), heterosis (genome enhance-
ment  by hybridization), the study of places and alleles 
have been developed. All these concepts were brought 
together under the umbrella of intragenomics.

Regarding the applications of genetics and ge-
nomics in the field of nephrolithiasis, we can say that 
things have been set in motion a great deal after the 
introduction of the GWAS (genome-wide association 
studies) or the whole genome association studies. This 
type of study, unlike the genetic linkage studies that 
were used before the development of GWAS, allows 
the study of a genome without carrying out family 
studies. Another advantage of GWAS is that they allow 
the discovery of alleles (mutations) with low, common 
penetrance. These two types of genetic studies, the 
GWAS and linkage studies, do not exclude one anoth-
er, each having applicability for certain pathologies, 
but lately GWAS have shown good applicability in the 
development of biobanks that will lead to long sought 
answers in medicine such as the response, or better 
said the lack of response to certain therapies, the ap-
pearance of pathologies in a population, etc. [9]. The first 
GWA study, conducted in 2005, compared 96 patients 
with age-related macular degeneration (ARMD) with 
50 healthy controls. It identified two SNPs with allelic 
frequencies significantly modified between the two 
groups [10]. SNP (pronounced “snip”), that is, single nu-
cleotide polymorphism is the variation of a single po-
sition in a DNA sequence among individuals. Although 
a particular SNP cannot cause a pathology, some SNPs 
are associated with certain diseases. These associations 
allow scientists to search for SNPs to assess the genetic 
predisposition of the individual to develop an illness. 
In addition, if certain SNPs are known to be associated 
with a trait, scientists may examine DNA strands near 
these SNPs in an attempt to identify the gene or genes 
responsible for the trait [11].

GWAS were facilitated by the development of rel-
atively inexpensive SNP panels. The commonly used 
SNP arrays vary in their content, but generally contain 
from 200,000 to over 2,000,000 SNPs. To date, most ge-
netic variants that have been examined by GWAS are 
common in the population, as they have a minor allele 
frequency (MAF), usually greater than 1%. It has been 
arbitrarily established that this cut-off for common 
MAF variants is ≥ 1% and for rare MAF variants it is <1%. 
GWAS as an experimental project is more than a ma-
trix-based study of common variants. For example, as-
sociation studies that use whole genome study (WGS) 
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data are also GWASs. [12]

Material and Methods

Study population
Subjects included in this study were male patients 

admitted between 2008 and 2012 to two clinics in Bu-
charest (Urology Clinic “Th. Burghele”and General Sur-
gery Clinic  “St. Mary”) for various medical conditions. 
The study consists of 1988 hospital patients; 127 unre-
lated confirmed nephrolithiasis cases, and 1861 con-
trols, consisting of patients admitted for urological and 
surgical conditions other than nephrolithiasis. Blood 
samples were collected for the measurement of bio-
markers and genotyping [13]. All subjects gave written 
informed consent prior to enrolment and accepted the 
use of personal and clinical data and biological samples 
for genetic research. The Bioethical Committee of the 
Romanian College of Physicians approved the study 
and the study protocols were approved by the National 
ethical Board of the Romanian Medical Doctors Associ-
ation in Romania. Trained interviewers performed face‐
to‐face interviews, using standardized questionnaires, 
to collect personal data (ethnicity, marital status, edu-
cation, height and weight), lifestyle data (occupation, 
smoking, coffee and tea consumption) and medical 
history (personal and familial). All subjects were of self‐
reported european descent. No significant differences 
were observed in other epidemiological features: BMI, 
smoking or alcohol consumptions [13].

Genotyping and analysis of SNP data
DNA was extracted from whole blood at deCODe 

Genetics (Reykjavik, Iceland) and genotyped using In-
finium Omniexpress‐24 bead chips (Illumina). A total 
of 716,503 SNPs was genotyped for each individual 
included in the study. The genotype data were filtered 
using Plink! v1.07 [14]. Approximately 8% of the SNPs 
genotyped were removed using a Hardy–Weinberg 
equilibrium significance threshold of 5 × 10−6 and by 
excluding markers with a minor allele frequency low-
er than 1%. Prior to the imputation, each chromosome 
was phased in a single run using SHAPeIT [15]. Markers 
from Phase 3 October 2014 of the 1000 Genomes [16] 
were imputed into the 1988 chip‐typed individuals 
using the IMPUTe2 software [17] with a posterior prob-
ability of 0.9 as a threshold to call genotypes. The set 
of genotypes were tested for population heterogeneity 
using principal component analysis in the ADMIXTURe 
software [19], and the results were consistent with a ho-

mogeneous population.
A total of 24,295,558 markers were generated by 

imputation for each individual in the study. Quality 
control for the imputation results was performed by re-
moving markers with minor allele frequency less than 
1%, call rate of 0.95 and info of 0.8. In total, 8,5 million 
markers met the filtering criteria. An association test 
was performed between the 8.5 million imputed mark-
ers and a phenotype represented by the confirmed 
nephrolithiasis diagnostic. The association test was cal-
culated using SNPTeST[19] using a single binary variable 
as a response; all reported P‐values are two‐sided.

Selection of SNPs for replication of previous findings
We conducted this literature review aiming to re-

view the specialized online publications to see the sta-
tus of knowledge related to genetics in urinary lithiasis 
in 2020. In this regard, we performed a search in the 
GWAS catalog (https://www.ebi.ac. uk / gwas) [20], the 
search criteria being “kidney stones”. In this catalog the 
term “kidney stones” is also synonymous with the terms 
like “nephrolithiasis” and “urinary lithiasis”. We also 
searched for the relevant characteristics in the Clinvar 
domain (https://www.ncbi.nlm.nih.gov/clinvar/) [21].

We tried to use the data obtained from the literature 
review and to replicate it in the data obtained in the Ro-
manian population from the Promark research project.

Results
To search for new susceptibility loci associated with 

nephrolithiasis, we tested a total of 8.5 million variants 
of frequency above 1%. No variants tested in the Roma-
nian GWAS reached genome‐wide significance (P‐value 
lower than 5 × 10−8), while 14 markers showed associ-
ation P‐values <1 × 10−6. The top 25 markers with the 
lowest P‐values are shown in Table 1.

The top marker, with a P-value of 3,5x10-6, 
RS3775182 is an intronic variant of the MAPK10 (mito-
gen-activated protein kinase 10) gene, a gene located 
on chromosome 4:85990007-8659462, with an unclear 
involvement in nephrolithiasis. Another possibly in-
teresting variant with a large P-value is RS1950031, an 
intronic variant of the ALKBH8 (alkB homolog 8, tRNA 
methyltransferase) gene located on chromosome 
11:107502726-107565746. Unfortunately, no genetic 
connection was previously reported between this gene 
and nephrolithiasis.

A systematic literature review of variants associated 
with nephrolithiasis from previous GWAS’ was complet-
ed on 20 January 2020 using the NHGRI catalogue of 
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Table 1.

SNP Chromosome Position Allele 1 Allele 2 P-value
Odds  
Ratio

Minor Allele Frequency

rs3775182 4 86058430 4 3 3.48 x 10-6 2.332 0.07

rs9572356 13 70085026 3 1 4.72 x 10-6 2.398 0.06

rs1474090 18 68036164 2 1 5.52 x 10-6 1.873 0.21

rs7578840 2 227681623 1 3 6.09- x 10-6 6.955 0.00

rs209888 1 114219383 4 2 6.34 x 10-6 8.342 0.00

rs12105620 2 227684181 2 4 6.77 x 10-6 6.903 0.00

rs1950031 11 107558697 3 4 6.95 x 10-6 1.795 0.44

rs6782518 3 161220597 1 3 6.96 x 10-6 8.284 0.00

rs6782415 3 161250577 1 3 7.06 x 10-6 8.275 0.00

rs5996879 22 25272763 1 2 7.4 x 10-6 2.146 0.09

rs7960775 12 109980830 1 3 7.45 x 10-6 4.844 0.01

rs876008 16 22852771 1 2 8.42 x 10-6 3.424 0.02

rs3826607 18 36186797 4 2 8.48 x 10-6 0.45 0.27

rs3732827 3 122939570 4 3 9.87 x 10-6 2.353 0.06

rs10934622 3 122940982 3 1 1.02 x 10-5 2.35 0.06

rs2774292 1 114172962 1 3 1.12 x 10-5 3.143 0.02

rs480226 1 114170583 1 3 1.13 x 10-5 3.141 0.02

rs938845 18 68042758 4 3 1.18 x 10-5 1.883 0.19

rs3761249 20 3085716 3 4 0.000012 2.056 0.10

rs6774792 3 188312054 3 1 1.22 x 10-5 9.995 0.00

rs11545287 14 58540102 2 4 1.23 x 10-5 14.82 0.00

rs1762571 19 21267798 1 2 1.23 x 10-5 14.82 0.00

rs2242817 21 15398882 3 1 1.23 x 10-5 14.82 0.00

rs1762563 19 21272352 4 3 1.24 x 10-5 14.81 0.00

rs1811200 19 14927283 4 2 1.27 x 10-5 2.644 0.04

Table 2.
Variant  

and risk allele
P-value RAF OR CI Mapped  

gene
Reported  

trait
Trait(s) Study 

accession
Location

rs11746443-? 9 x 10-12 NR 1.19 [1.13-1.24] RGS14 Nephro- 
lithiasis

nephrolithiasis GCST001432 5:177371305

rs1000597-? 2 x 10-14 NR 1.22 [1.16-1.29] AC004691.2 Nephro- 
lithiasis

nephrolithiasis GCST001432 7:30897563

rs4142110-? 5 x 10-9 NR 1.14 [1.09-1.19] DGKH Nephro- 
lithiasis

nephrolithiasis GCST001432 13:42180386

rs1256328-T 6 x 10-10 00.1779 1.21 [NR] ALPL Kidney 
stones

kidney stone GCST003086 1:21570274

rs12654812-A 6 x 10-11 0.4184 1.18 [NR] RGS14 Kidney 
stones

kidney stone GCST003086 5:177367190

rs199565725-AAC 5 x 10-13 0.7632 1.23 [NR]  CLDN14 Kidney 
stones

kidney stone GCST003086 21:36462941

rs7627468-A 2 x 10-8 0.268 1.16 [NR] CASR Kidney 
stones

kidney stone GCST003086 3:122227252

rs219780-C 4 x 10-12 0.79 1.25 [1.17-1.33]  CLDN14 Kidney 
stones

kidney stone GCST000429 21:36461009
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published genome‐wide association studies as a start-
ing point. Only 3 articles were originally obtained from 
the GWAS catalogue based on the keyword search. The 
3 articles reported 8 variants showing genome-wide 
significance in the association with nephrolithiasis. The 
reported information for these 8 markers is detailed in 
Table 2.

One of the first large-scale GWASs that led to the 
identification of SNPs responsible for the occurrence 
of renal calculi is described in the article “Common and 
rare variants associated with kidney stones and bio-
chemical traits” published in “Nature” in July 2015 by 
Oddsson, A. et al. The findings of Odsson and his collab-
orators are a continuation of the discoveries made by 
Thorleifsson and his colleagues, both of them based in 
Iceland. In an article published by the later, presenting 
a genome-wide association study (GWAS) of lithiasis, 
303,120 variants from 1,507 cases and 34,033 controls 
from Iceland were tested [22]. Following replication 
in additional cases and controls from Iceland and the 
Netherlands, a significant genomic association of the 
CLDN14 locus (at 21q22.13 level, encodes the Clau-
din-14 protein present at the level of tight junctions) 
with renal lithiasis has been reported. (rs219780 [C], 
allele frequency = 79.20%, OR = 1.25, P = 4.0 × 10−12). 
About 62% of the general population is homozygous 
for rs219780 [C] and is estimated to have a 1.64-fold 
higher risk of developing lithiasis compared to those 
without this genetic modification. The CLDN14 gene 
is expressed in the kidneys and regulates paracellular 
permeability at tight epithelial junctions. The same 
variants were also associated with reduced bone min-
eral density at the hip (P = 0.00039) and at the spine (P 
= 0.0077). [22]

In the study published by Oddsson and his collabo-
rators, they substantially increased the sample size from 
the study by Thorleifsson (N cases = 5,419; N controls = 
279,870). It was also possible to increase the number 
of sequence variants tested by performing GWAS on 
imputed genotypes of sequence variants identified 
by sequencing the whole genome of 2,636 Iceland-
ers, obtaining a broader genome coverage. In addition 
to discovering the associations with nephrolithiasis, 
the association of these variants with 13 biochemical 
features involved in calcium-phosphate metabolism, 
purine metabolism, renal function, acid-basic balance 
and ionic homeostasis in a large population group was 
evaluated [23].

In the GWAS performed by Urabe et al, 1000 Jap-
anese patients with nephrolithiasis and 7,936 controls 

without lithiasis were genotyped using Human Omni 
express BeadChip. Patients with calculi from struvite, 
cystine, ammonium urate and uric acid or nephrolithia-
sis secondary to drug use, hyperparathyroidism or as a 
result of a kidney malformation were excluded because 
their underlying pathology has a different mechanism 
of genesis from calcium nephrolithiasis. After standard 
quality control filtering (call rate≥0.99 in cases and con-
trols, Hardy-Weinberg P≥1 × 10–6 in controls), it was 
found that all subjects were of Asian origin. The asso-
ciation of SNPs with nephrolithiasis was performed 
by the Cochran-Armitage trend test. As a result, the 
genomic inflation factor was calculated to be 1,123. In 
order to adjust the stratification of the population, the 
logistic regression analysis and the association analysis 
were used using 904 cases and 7,471 controls belong-
ing to the Hondo cluster, the largest group of Japanese 
population. Although in this study in a standard Jap-
anese population no SNP reached the GWAS signifi-
cance threshold (P <5 × 10−8), 100 major SNPs (P≤7.85 
× 10−5) were selected that had the highest low P value 
for further association analysis.

By correlating the linkage disequilibrium analysis, 
64 SNPs were selected from the 100 SNPs from 37 ge-
nomic regions and were analyzed using 2,783 cases of 
Japanese nephrolithiasis and 5,251 controls. Fifty-nine 
SNPs out of 64 SNPs passed the same quality control 
filter as GWAS and were subjected to nephrolithiasis as-
sociation analysis by the Cochran-Armitage trend test. 
11 SNPs from five loci were found to be significantly 
associated with nephrolithiasis after Bonferroni correc-
tion (P <0.05 / 59 = 8.47 × 10−4, Table S3). A meta-anal-
ysis of GWAS revealed that seven SNPs reached the sig-
nificant genome threshold (P <5 × 10-8). Therefore, in 
the third stage of this complex study, these seven SNPs 
were replicated.

In the previous paper, whole genomes were se-
quenced belonging to a number of 2,636 Icelanders 
(the median depth of sequencing of 23 ×, which means 
that on the obtained DNA sequences an average of 23 
readings were made in order not to make mistakes giv-
en the very large number of genome bases) obtaining 
28.3 million sequence variants. Subsequently, these 
variants, assisted by a long-range haplotype, were im-
puted to 98,721 Icelanders genotyped with Illumina 
SNP chips. Using data on the Icelandic genealogy, the 
genotype probabilities of the close relatives of the in-
dividuals with the Illumina chip genotyping were also 
calculated. The association between different DNA se-
quence variants and the occurrence of renal calculi in 
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5,419 Icelandic calculators (2,979 subjects genotyping 
and 2,440 relatives of one or two relatives) was exam-
ined, including 2,172 recurrent kidney calculators ( the 
emergence of a new calculation less than 6 months af-
ter expulsion or the treatment of another calculation) 
and 279,870 controls (88,266 genotyped and 191,604 
first- or second-degree relatives). The association of 
DNA sequence variants related to the occurrence of 
renal calculi with biochemical parameters involved 
in calcium-phosphate metabolism (serum calcium, 
N = 114,489; serum ionic calcium, N = 18,516; serum 
phosphate, N = 51,056; parathyroid hormone (PTH)) 
was evaluated , N = 15,541; 25-hydroxy vitamin D, N = 
7,544; alkaline phosphatase (ALP), N = 126,060), purine 
metabolism (serum uric acid, N = 56,025), acid-basic 
homeostasis (serum bicarbonate, N = 44,511) , renal 
function (serum creatinine, N = 195,933) and ionic ho-
meostasis (serum chloride, N = 92,938; serum magne-
sium, N = 37,188; serum potassium, N = 201,720; serum 
sodium, N = 198,119).

In this study, the variants were identified at three 
loci associated with renal lithiasis at a level of signifi-
cance at the genome level (0.05 / 28.3 million = 1.8 × 
〖10〗 ^ (- 9)) and a locus supplementary with sugges-
tive association (Fig. 1; Table 1). At these loci, significant 
associations were also observed in the genome with 
serum calcium, phosphate, PTH and ALP, which do not 
correlate in all cases with the signal of association of 
the renal stone. Focusing on coding variants in genes 
with preferential renal expression, Oddsson et al. they 
found two rare coding variants associated with renal 
lithiasis and recurrent calculus formation.

None of the previously reported variants were suc-
cessfully replicated in the Romanian cohort. This neg-
ative conclusion can be the result of study limitations, 
due to the low sample size or genotyping errors. The 

results of the previously reported markers found in the 
Romanian GWAS are described in Table 3.

Conclusions
Our study is presenting the first results of a Roma-

nian GWAS investigating the associations between re-
nal lithiasis and genetic risk variants. Despite the lack 
of replication, we strongly consider our results an im-
portant steppingstone for the future development of 
genetic screening of renal lithiasis in the Romanian 
population. Increased sample size can provide a better 
understanding of the genetic etiology of this patholo-
gy and also provide better treatment solutions and out-
come for renal lithiasis patients. 
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