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Background: The G-protein-coupled receptor Class C Group 6 Member A (GPRC6A) is activated by
multiple ligands and is important for the regulation of calcium homeostasis. Extracellular calcium is
capable to increase NLRP3 inflammasome activity of the innate immune system and deletion of this
proinflammatory pathway mitigated pancreatitis severity in vivo. As such this pathway and the GPRC6A
receptor is a reasonable candidate gene for pancreatitis. Here we investigated the prevalence of sequence
variants in the GPRC6A locus in different pancreatitis aetiologies.
Methods: We selected 6 tagging SNPs with the SNPinfo LD TAG SNP Selection tool and the functional
relevant SNP rs6907580 for genotyping. Cohorts from Germany, further European countries and China
with up to 1,124 patients and 1,999 controls were screened for single SNPs with melting curve analysis.
AP, acute pancreatitis; CASR, Calcium-sensing receptor; CI, confidence interval; CP, chronic pancreatitis; GPRC6A, G-
; HWE, Hardy-Weinberg-disequilibrium; NACP, non-alcoholic chronic pancreatitis; NLRP3, NLR Family Pyrin Domain
reaction; SNP, single nucleotide polymorphism.
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G-Protein coupled receptor
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Genetics
Results: We identified an association of rs1606365(G) with alcoholic chronic pancreatitis in a German
(odds ratio (OR) 0.76, 95% confidence interval (CI) 0.65e0.89, p ¼ 8 � 10�5) and a Chinese cohort (OR
0.78, 95% CI 0.64e0.96, p ¼ 0.02). However, this association was not replicated in a combined cohort of
European patients (OR 1.18, 95% CI 0.99e1.41, p ¼ 0.07). Finally, no association was found with acute and
non-alcoholic chronic pancreatitis.
Conclusions: Our results support a potential role of calcium sensing receptors and inflammasome acti-
vation in alcoholic chronic pancreatitis development. As the functional consequence of the associated
variant is unclear, further investigations might elucidate the relevant mechanisms.
© 2020 IAP and EPC. Published by Elsevier B.V. All rights reserved.
Introduction

Inflammatory pancreatic diseases are one of the leading causes
for hospital admissions of gastroenterological diseases [1]. In pa-
tients with acute (AP) and chronic pancreatitis (CP) alcohol abuse is
the predominant aetiological factor [2]. In addition, several genetic
associations with CP have been identified, which indicated the
complex pathophysiology of the disease. As summarized recently,
most of the associated genes induced pancreatitis within pancreatic
acinar cells by a trypsin-dependent (e.g. PRSS1, SPINK1, CTRC,
CTRB1-CTRB2) or misfolding-dependent pathway (e.g. CPA1, CEL)
[3e10].

On the other hand, pancreatitis risk genes such as CFTR [11,12],
CASR [13], CLDN2 [14,15] or TRPV6 [16] could not be assigned to
any of the previously mentioned mechanisms and some of these
proteins are expressed in ductal and not acinar cells [17].
Furthermore, some of these associations highlight the importance
of calcium homeostasis in pancreatitis, as variants in TRPV6 and
CASR have been associated with pancreatitis. Generally calcium
ions (Ca2þ) are crucial for the secretory function of the pancreas
and the pathological release of Ca2þ is derived from the endo-
plasmatic reticulum (ER) most likely [18]. Mechanistically, it has
been demonstrated that cytosolic Ca2þ is responsible for prema-
ture trypsinogen activation, vacuolization and acinar cell death
[19]. In addition, free extracellular Ca2þ acts as damage associated
molecular pattern (DAMP) via the G-protein-coupled receptor
Class C Group 6 Member A (GPRC6A) and Calcium-sensing re-
ceptor (CASR). Thereby, the NLRP3-inflammasome is activated and
pro-inflammatory cytokines such as IL1b in murine monocytes/
macrophages are secreted [20]. In a caerulein-induced acute
pancreatitis model the genetic deletion of the NLRP3 gene as well
as the deletion of mediators of sterile inflammation like CASP1,
TLR9, ASC, P2RX7 ameliorated the phenotype with reduction of
oedema and inflammation [21]. In addition, a recent study
showed a protective role of the genetic NLRP3 knockout in a se-
vere acute pancreatitis model with duct-ligation [22]. Otherwise,
allosteric modulators of CASR and GPRC6a affected on the death
of isolated acini that was induced by basic amino acids in vitro
[23]. Taken together these data indicated the importance of this
pathway for pancreatitis development and implied the need for
further investigations.

As part of this pathway GPRC6A is activated by multiple ligands
(Osteocalcin, Testosterone, basic amino acids) and various cations
(Ca2þ, Mg2þ, Zn2þ, or Al3þ) [24]. Moreover, GPRC6A impacts on
complex endocrine networks and metabolic processes including
glucose metabolism and progression of prostate cancer [25]. Thus
far, the influence of GPRC6A on AP and CP has not been elucidated.
Here we investigated whether single nucleotide polymorphisms of
the GPRC6A locus are associative in AP, non-alcoholic CP (NACP) and
alcoholic CP (ACP) in large European and Chinese cohorts.
Material and methods

Patients and controls

The medical ethical review committees of the Martin-Luther-
University of Halle-Wittenberg (Medical ethical committee, Uni-
versity Halle-Wittenberg, Medical Faculty, Bearbeitungsnummer
2015-106, date: January 22, 2016, title: “Erforschung moleku-
largenetischer Ursachen von Pankreaserkrankungen”) and all
participating study centres approved this study. All patients and
blood donors gave written informed consent. AP was defined as in
our recent publication [15]. The CP study cohorts comprised pa-
tients with a history of recurrent AP or recurrent or persisting
abdominal pain typical for CP, pancreatic calcifications and/or
pancreatic ductal irregularities indicated by computed tomography
imaging, magnetic resonance imaging, endoscopic retrograde
pancreaticography or (endo)sonography of the pancreas and/or the
diagnosis of exocrine pancreatic insufficiency [25]. ACP was diag-
nosed when alcohol consumption was >80 g per day for males or
>60 g per day for females for more than 2 years. Patients without
known precipitating factors were classified as NACP. The charac-
teristics of the different cohorts of patients and controls are sum-
marized in Table 1.

Selection of tagging SNPs in the GPRC6A locus

We selected six tagging SNPs using the SNPinfo LD TAG SNP
Selection tool (linkage disequilibrium (LD) map Supplementary
Fig. 1) to cover the whole GPRC6A locus. Tagging SNPs were deter-
mined with an LD threshold (R2) of 0.8, a minimum of 5 valid ge-
notypes to calculate LD in populations with European ancestry
(CEU) and we extended the region of interest by 5.000 bp in the 50-
region and the 30-region.

Additionally the SNP rs6907580 encoding a stop codon
(p.Arg57*) was analysed [26]. The functionally relevant SNP
rs2274911 [27e30] was tagged by rs1512655. A description of the
cohorts analysed for the distinct SNPs is depicted in Fig. 1.

DNA extraction and SNP genotyping

DNA was isolated from EDTA blood using a commercial system
(QIAamp Blood DNA Mini Kit; Qiagen, Hilden, Germany). Poly-
merase chain reaction (PCR) was performed with the following
cycle conditions in a thermal cycler (initial denaturation at 95 �C for
5 min, followed by 45 cycles of 20 s denaturation at 95 �C, 40 s
annealing (Supplementary Table 1), 90 s primer extension at 72 �C
followed by final extension for 5 min at 72 �C). PCR was conducted
using OneTaq® 2X Master Mix (NEB) with 200 mM dNTPs, 1.8 mM
MgCl2 and 0.1 mM forward primer as well as 0.1 mM reverse primer
in a total volume of 25 ml. For SNP rs7766085 (0.2 mM forward



Table 1
Description of the cohorts analysed.

Cohort type No. Age (mean) Age (median) Age range Male sex

Screening cohorts
Controlsa 336 63.9 63.5 60e70 50.0%
APa 59 47.3 48 17e79 30.5%
ACPa 152 49.3 50 21e79 88.8%
NACPa 166 40.6 42 7e77 56.6%
Controlsb 258 37.1 37 18e65 61.2%
APb 175 56.0 58 19e93 43.6%

Extended cohort from Germany
Controls 1,999 63.8 63 60e70 50.5%
ACP 1,124 49.5 49 21e85 86.6%

European replication cohort (Italy, France, Poland, Romania, Hungary, The
Netherlands)

Controls 1,671 53.0 52 18e79 55.6%
ACP 780 41.0 40 20e98 81.6%

Controls China 504 41.0 41 18e62 66.9%
ACP China 303 50.4 51 9e80 98.3%
NACP China 363 43.6 45 5e91 64.5%

a Cohorts from Germany.
b Cohorts from Hungary; age in years. Abbreviations: AP ¼ acute pancreatitis,

ACP ¼ alcoholic chronic pancreatitis, NACP ¼ non alcoholic chronic pancreatitis,
No. ¼ number.
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primer) and rs1398404 (0.2 mM reverse primer) asymmetric PCRs
were performed.

Primers and probes (Supplementary Table 1) were synthesized
by TIB Molbiol (Berlin, Germany). Genotyping was performed using
the LightCycler480® system (Roche Diagnostics). For genotyping
we used the PCR products from standard PCR (see above) with
50 nM (final) of probe oligomers followed bymelting curve analysis
Fig. 1. Flowchart of samples included in this study.
Extended German cohort ¼ Screening cohort þ additional patients and controls. Abbreviatio
chronic pancreatitis.
with the following protocol: 95 �C for 60 s, 40 �C for 60 s, contin-
uous increase to 70 �C with a ramp rate of 0.19 �C/s.

Call rates for all SNPs were >95%. For quality control 1.8% of all
samples were genotyped in duplicates blinded to the investigator.
Resulting concordance rate was 99%.

Statistics

P-values were computed using GraphPad Prism 5 and IBM SPSS
Statistics 25. The significance of differences of genotype frequencies
between patients and healthy controls and all other models
(recessive, dominant, allele frequencies) were calculated with Chi-
square test and two-tailed Fisher’s Exact test, respectively. A p-
value of less than 7 � 10�3 was considered to be significant in the
screening cohorts (significance level after Bonferroni correction
accounting for seven tests). In case of a significant or nominal sig-
nificant association of the polymorphisms in the initial screening
cohort of ACP patients and controls from Germany, an extended
sample of German patients was analysed. Other European cohorts
and a Chinese replication cohort were screened for replication. The
quality of SNP genotypes was checked by study-wise call rate and
test for Hardy-Weinberg equilibrium (HWE) in patients and
controls.

Results

No association with AP or NACP

In the screening cohort of AP patients from Germany and
Hungary we did not identify any significant genetic association
(Supplementary Table 2). Furthermore, we did not find any differ-
ences in the genotype distribution in the German NACP screening
cohort compared to the controls (Supplementary Table 3) or in
ns: AP ¼ acute pancreatitis, ACP ¼ alcoholic chronic pancreatitis, NACP ¼ non alcoholic



T. Kaune et al. / Pancreatology 20 (2020) 1262e1267 1265
further models (allele, recessive or dominant) of our analysis. No
deviation of the Hardy-Weinberg equilibrium (HWE) was found for
all SNPs.
SNPs rs1606365 and rs1512655 as potential risk factors in ACP

In the screening cohort the tagging SNPs rs1606365 and
rs1512655 displayed a nominal or borderline significant difference
in genotype distribution in ACP patients compared to healthy
controls before Bonferroni correction (Table 2 and Supplementary
Table 4, p ¼ 0.057 and p ¼ 0.049, respectively). Therefore we
extended the German ACP cohort for both SNPs (n ¼ 1,124) as well
as the control cohort (n ¼ 1,999). Here, the significant deviation of
genotype distribution for rs1606365 was confirmed
(Supplementary Table 5, p ¼ 0.001). This association was addi-
tionally demonstrated in the other statistical models (C/G:
p ¼ 0.0008, OR 0.765, 95% CI 0.653e0.894; dominant model CC/
CG þ GG: p ¼ 0.0003, OR 0.724, 95% CI 0.610e0.861) (Table 3).
However, in the summarized European populations (without Ger-
many) we were not able to confirm this association. For further
validation we screened a Chinese cohort and confirmed the asso-
ciation (C/G: p¼ 0.019; OR 0.782; 95% CI 0.637e0.961) (Table 3 and
Supplementary Table 5). In addition, we investigated the two SNPs
in NACP in additional cohorts from France and China. Here, again no
associations were seen for both SNPs in NACP.

The different models comprise (order from top to bottom), allele
frequencies, the recessive and the dominant model for computa-
tions. The number of patients and the genotype distribution of each
variant are summarized in Supplementary Table 4. For all calcula-
tions the Fisher’s exact test was used. Abbreviations: OR ¼ odds
ratio, 95% CI ¼ 95% confidence interval.

The different models comprise (order from top to bottom), allele
frequencies, the recessive and the dominant model for computa-
tions. The number of patients and the genotype distribution of each
variant are summarized in Supplementary Table 5. For all calcula-
tions the Fisher’s exact test was used. Abbreviations: OR ¼ odds
ratio, 95% CI ¼ 95% confidence interval.
Table 2
Data of the analysed SNPs in the German alcoholic chronic pancreatitis screening cohort

SNP/Genetic model for calculation p

rs6919622 (T) C/T 0
CC þ CT/TT 0
CC/CT þ TT 0

rs1606365 (G) C/G 0
CC þ CG/GG e

CC/CG þ GG 0

rs1512655 (A) A/G 0
AA þ AG/GG 0
AA/AG þ GG 0

rs6907580 (A) G/A 0
GG þ GA/AA e

GG/GA þ AA 0

rs7766085 (C) C/G 1
CC þ CG/GG 1
CC/CG þ GG 0

rs1398404 (C) A/C 0
AA þ AC/CC 0
AA/AC þ CC 0

rs11153632 (G) A/G 0
AA þ AG/GG e

AA/AG þ GG 0
Discussion

Several studies demonstrated the importance of the widely
expressed GPRC6A receptor in distinct diseases and inflammatory
processes [24]. On macrophages, the receptor can bind several li-
gands and free extracellular Ca2þ that act as DAMP to amplify
proinflammatory signalling by inflammasome activation [20].
Deletion of the inflammasome response in vivo ameliorated
pancreatitis severity and highlighted the potential importance of
this pathway and the GPRC6A receptor for inflammatory pancreatic
diseases [21,22].

In the present study, we investigated GPRC6A SNPs in pancrea-
titis and identified a putative association of rs1606365 with ACP in
German and Chinese patients, whereas no associationwas found in
AP or in NACP. Our analysis revealed that the G allele of this intronic
variant reduces ACP risk (OR 0.765, 95% CI 0.653e0.894), but this
association was not replicated in cohorts from all over Europe. One
of the reasons for this observation might be the smaller sample size
of the individual European cohorts that ranged from 55 to 291
patients resulting in an insufficient power in the cohorts derived
from different countries (<0.80). Otherwise, as in the overall Eu-
ropean cohort no association was found there might be differences
in genotype frequencies of this variant throughout Europe as also
demonstrated in the Chinese cohort. We observed different allele
frequencies for rs1606365 in the European and Chinese cohorts,
which might be explained by the evolutionary background of these
populations. However, we are not capable to fully clarify this issue
with our data.

Interestingly, the rs1606365 G allele has recently been described
to increase risk of aggressiveness in prostate cancer in Northern
Chinese men indicating a functional relevance [28]. This observa-
tion, however, requires replication and finally functional studies are
warranted to understand the disease causing mechanisms in
prostate cancer and additionally in ACP. So far there are no data of
the clinical significance of rs1606365 available in public databases.

In addition, the SNP rs1512655 was associated with ACP in our
extended German cohort, but this finding was not confirmed in the
European or the Chinese cohort. Here, we observed a similar trend
and controls calculated with different genetic models.

-value OR 95% CI

.44 1.122 0.835e1.507

.61 1.215 0.649e2.307

.55 0.880 0.598e1.300

.03 0.644 0.431e0.961
e e

.05 0.641 0.414e0.993

.64 1.081 0.797e1.467

.62 0.902 0.613e1.329

.05 2.011 1.038e3.897

.67 1.116 0.638e1.926
e e

.66 1.157 0.670e2.025

.00 0.995 0.705e1.406

.00 0.978 0.653e1.466

.80 1.103 0.406e2.999

.57 0.923 0.697e1.433

.80 0.917 0.561e1.502

.59 0.881 0.584e1.342

.47 0.727 0.337e1.508
e e

.46 0.718 0.326e1.534



Table 3
Data of the SNPs rs1606365 and rs1512655 in the extended German, the independent European and the Chinese ACP replication cohorts calculated with different genetic
models.

SNP/Genetic model for calculation p-value OR 95% CI

rs1606365 (G)
Germany (extended) C/G 0.0008 0.765 0.653e0.894

CC þ CG/GG 0.89 0.911 0.509e1.596
CC/CG þ GG 0.0003 0.724 0.610e0.861

Europe (without Germany) C/G 0.07 1.182 0.991e1.409
CC þ CG/GG 0.44 1.268 0.691e2.302
CC/CG þ GG 0.07 1.203 0.989e1.467

China C/G 0.019 0.782 0.637e0.961
CC þ CG/GG 0.21 1.281 0.867e1.890
CC/CG þ GG 0.012 0.679 0.505e0.916

rs1512655 (A)
Germany (extended) A/G 0.02 1.152 1.026e1.294

AA þ AG/GG 0.17 1.110 0.957e1.287
AA/AG þ GG 0.004 1.482 1.142e1.922

Europe (without Germany) A/G 0.42 1.060 0.925e1.217
AA þ AG/GG 0.76 1.029 0.867e1.221
AA/AG þ GG 0.16 1.269 0.914e1.765

China A/G 0.35 1.102 0.901e1.347
AA þ AG/GG 0.42 1.148 0.839e1.571
AA/AG þ GG 0.54 1.124 0.805e1.571
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for the association in the patients from The Netherlands only
(p ¼ 0.07). The variant rs1512655 is in perfect linkage disequilib-
rium with rs2274911 (p.Pro91Ser) located in the so called Venus
flytrap of the protein and this variant was associatedwith increased
insulin resistance [30], as a risk factor of prostate cancer [28] and
with testis failure [29]. Again, the functional consequences of this
SNP in human disorders remain unclear and indicate the need of
further studies. Finally, to exclude an association of the two SNPs
with NACP we screened cohorts from China and France and again
found no association for both SNPs (Data not shown).

A limitation of our study is the small sample size in the indi-
vidual European ACP replication cohorts. Here, a significant asso-
ciation in distinct cohorts may have been missed, whereas the
power of the combined analysis of all European cohorts that yiel-
ded a negative result seems reliable. As we have gathered the thus
far largest European ACP cohort, we are not able to extend our
analysis.

In conclusion, we have demonstrated association of the intronic
variant rs1606365 with ACP in German patients. Although we
replicated the finding in an independent Chinese cohort we cannot
present data on the functional consequences of the associated
variant. As GPRC6A is involved in several processes it remains un-
clear whether the association truly is pancreatitis related and as
such warrants further replication.
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