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Abstract: Severe bioprosthetic mitral valve calcification is a significant problem in cardiovascular
surgery. Unfortunately, clinical markers did not demonstrate efficacy in prediction of severe
bioprosthetic mitral valve calcification. Here, we examined whether a genomics-based approach
is efficient in predicting the risk of severe bioprosthetic mitral valve calcification. A total of 124
consecutive Russian patients who underwent mitral valve replacement surgery were recruited.
We investigated the associations of the inherited variation in innate immunity, lipid metabolism
and calcium metabolism genes with severe bioprosthetic mitral valve calcification. Genotyping was
conducted utilizing the TagMan assay. Eight gene polymorphisms were significantly associated
with severe bioprosthetic mitral valve calcification and were therefore included into stepwise
logistic regression which identified male gender, the T/T genotype of the rs3775073 polymorphism
within the TLR6 gene, the C/T genotype of the rs2229238 polymorphism within the IL6R gene,
and the A/A genotype of the rs10455872 polymorphism within the LPA gene as independent
predictors of severe bioprosthetic mitral valve calcification. The developed genomics-based model
had fair predictive value with area under the receiver operating characteristic (ROC) curve of 0.73.
In conclusion, our genomics-based approach is efficient for the prediction of severe bioprosthetic
mitral valve calcification.
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1. Introduction

Mitral valve calcification, accompanied by inflammation and lipid deposition, is associated
with common cardiovascular risk factors and represents an important risk factor of mitral valve
disease [1,2]. Currently, there is no efficient approach for the prevention of mitral valve disease
progression, with valve replacement being the only treatment option [1]. However, bioprosthetic
mitral valves also frequently undergo severe calcification which is able to cause bioprosthetic valve
failure and may require repeated valve replacement surgery, a major clinical intervention [1]. Even the
widely established Carpentier-Edwards Perimount and Medtronic Mosaic bioprosthetic mitral valves
undergo severe calcification in up to 20% of patients <60 years [34].

Unfortunately, there is still no clinical model for the prediction of severe bioprosthetic mitral valve
calcification. A previous study by our research group did not reveal any significant clinical predictors of
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this condition [5]. Mitral valve calcification is frequent among family members [6] but genomic markers
of native and bioprosthetic mitral valve calcification are still almost unknown [7]. Nevertheless, their
identification may assist in revealing the underlying mechanisms of these conditions. This, in turn,
may improve treatment of mitral valve disease.

Progress in genotyping technologies resulted in many studies on the association of single
nucleotide polymorphisms (SNPs) with human diseases [8]. SNPs can lead to a number of consequences
depending on their location in the genome [9]. As known, SNPs within the noncoding regions are
able to affect mRNA splicing or even transcription initiation, while SNPs within the coding regions
may alter protein folding, stability, and expression, or influence posttranslational modifications [9].
Here, we investigated whether SNPs within innate immunity, lipid metabolism and calcium
metabolism genes are significant predictors of severe bioprosthetic mitral valve calcification.

2. Results

We identified eight SNPs being significantly associated with severe bioprosthetic mitral valve
calcification (Table 1).

Table 1. Association of the polymorphisms within innate immunity genes, genes of lipid metabolism,
and genes of calcium metabolism with severe bioprosthetic mitral valve calcification.

Without Severe With Severe

Bioprosthetic Bioprosthetic o g
Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
TLRI rs5743551
T/T 31 (50%) 35 (56.5%) 1.00
Codominant C/T 30 (48.4%) 25 (40.3%) 0.69 (0.32-145) 039 1717
c/C 1(1.6%) 2(3.2%) 2.71 (0.22-33.36)
_ T/T 31 (50%) 35 (56.5%) 1.00
Dominant C/T-C/C 31 (50%) 27 (43.5%) 0.74 (0.36-1.54) 042 1709 406
] T/T-C/T 61 (98.4%) 60 (96.8%) 1.00
Recessive c/C 1(1.6%) 2(3.2%) 317(026-3823) 0 170.7
) T/T-C/C 32 (51.6%) 37 (59.7%) 1.00
Overdominant c/T 30 (48.4%) 25 (40.3%) 0.66 (0.31-1.39) 0.27 170.4
Log-additive — — — 0.85(0.44-167)  0.64 1714
TLRI rs5743611
c/C 38 (61.3%) 36 (58.1%) 1.00
Codominant C/G 21 (33.9%) 21 (33.9%) 1.00 (046-219) 076 173
G/G 3 (4.8%) 5(8.1%) 1.74 (0.38-7.96)
‘ c/C 38 (61.3%) 36 (58.1%) 1.00
Dominant C/G-G/G 24 (38.7%) 26 (41.9%) 1.10 (0.52-2.30) 0.81 1715 0.61
) C/C-C/G 59 (95.2%) 57 (91.9%) 1.00
Recessive G/G 3 (4.8%) 5 (8.1%) 1.74 (0.39-7.75) 046 171
] C/C-G/G 41 (66.1%) 41 (66.1%) 1.00
Overdominant C/G 21 (33.9%) 21 (33.9%) 094 (0.44-204) 089 171.6
Log-additive — —_ — 116 (0.642.09) 062 1713
TLR2 rs5743708
_ G/G 57 (91.9%) 56 (90.3%) 1.00
A/G 5 (8.1%) 6(9.7%) 133 (0.36-492) 067 1714 099
TLR? rs3804099
T/T 23 (37.1%) 18 (29%) 1.00
Codominant C/T 33 (53.2%) 37 (59.7%) 180 (0.79-4.13) 037 1716
c/C 6(9.7%) 7 (11.3%) 1.35 (0.36-5.06)
_ T/T 23 (37.1%) 18 (29%) 1.00
Dominant C/T-C/C 39 (62.9%) 44 (71%) 1.72 (0.77-3.82) 018 1698 506
] T/T-C/T 56 (90.3%) 55 (88.7%) 1.00
Recessive c/C 6 (9.7%) 7 (11.3%) 094 (028-317) 9% 171.6
, T/T-C/C 29 (46.8%) 25 (40.3%) 1.00
Overdominant c/T 33 (53.2%) 37 (59.7%) 1.68 (0.78-3.60) 018 169.8

Log-additive — — — 1.34 (0.73-2.46) 0.33 170.6
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Without Severe
Bioprosthetic

With Severe
Bioprosthetic

Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
TLR4 rs4986790
A/A 53 (85.5%) 53 (85.5%) 1.00
Codominant A/G 8 (12.9%) 9 (14.5%) 119 (041-345) 046 172
G/G 1(1.6%) 0.(0%) 0.00 (0.00-0.00)
Dominant A/A 53 (85.5%) 53 (85.5%) 1.00 095 1716
ominan A/G-G/G 9 (14.5%) 9 (14.5%) 1.03 (0.37-2.91)
Recossi A/A-A/G 61 (98.4%) 62 (100%) 1.00 03 ol 0-53
ccesstve G/G 1 (1.6%) 0 (0%) 0.00 (0.00-0.00) : :
. A/A-G/G 54 (87.1%) 53 (85.5%) 1.00
Overdominant A/G 8 (12.9%) 9 (14.5%) 120 0.41-350) 073 1715
Log-additive —_ —_ —_ 091 (035-2.35) 085 1715
TLR4 rs4986791
c/C 53 (85.5%) 53 (85.5%) 1.00
Codominant C/T 8 (12.9%) 8 (12.9%) 100 (0.33-297) 098 1735
T/T 1(1.6%) 1(1.6%) 1.36 (0.08-23.62)
. c/C 53 (85.5%) 53 (85.5%) 1.00
Dominant C/T-T/T 9 (14.5%) 9 (14.5%) 103 (0.37-291) 0% 171.6
Recess c/CC/T 61 (98.4%) 61 (98.4%) 1.00 083 s 0-17
ecessive T/T 1 (1.6%) 1 (1.6%) 1.36 (0.08-23.58) : :
] C/C-T/T 54 (87.1%) 54 (87.1%) 1.00
Overdominant c/T 8 (12.9%) 8 (12.9%) 099 (033295 0% 1716
Log-additive — _ — 1.05(043-256) 091 1716
TLR6 rs3775073
T/T 12 (19.4%) 20 (32.3%) 1.00
Codominant T/C 32 (51.6%) 33 (53.2%) 071(029-175) 0092 16838
c/C 18 (29%) 9 (14.5%) 0.31 (0.10-0.94)
, T/T 12 (19.4%) 20 (32.3%) 1.00
Dominant T/C-C/C 50 (80.7%) 42.(67.7%) 056 (024132 018 1698
Recessi T/T-T/C 44 (71%) 53 (85.5%) 1.00 004 74 0.72
ccessive c/C 18 (29%) 9 (14.5%) 0.39 (0.15-0.98) : :
, T/T-C/C 30 (48.4%) 29 (46.8%) 1.00
Overdominant T/C 32 (51.6%) 33 (53.2%) 1.22 (0.58-2.55) 0.59 1713
Log-additive — — — 0.56 (0.32-098) 0037 1672
TLR6 rs5743810
G/G 35 (56.5%) 24 (38.7%) 1.00
Codominant A/G 25 (40.3%) 30 (48.4%) 157 (0.73-338)  0.09 168.8
A/A 2(3.2%) 8 (12.9%) 5.19 (0.97-27.93)
. G/G 35 (56.5%) 24 (38.7%) 1.00
Dominant A/G-A/A 27 (43.5%) 38 (61.3%) 183 (0.87-3.84 O 169
Recessi G/G-A/G 60 (96.8%) 54(87.1%) 1.00 woer 1681 0-67
ccessive A/A 2 (3.2%) 8 (12.9%) 4.17 (0.81-21.53) : .
, G/G-A/A 37 (59.7%) 32 (51.6%) 1.00
Overdominant A/G 25 (40.3%) 30 (48.4%) 1.26 (0.61-2.64) 053 171.2
Log-additive — — — 187(1.02-344) 0039 1673
TREMI rs2234246
c/C 15 (24.2%) 18 (29%) 1.00
Codominant C/T 29 (46.8%) 33 (53.2%) 105 (043-252) 054 1723
T/T 18 (29%) 11 (17.7%) 0.63 (0.22-1.81)
‘ c/C 15 (24.2%) 18 (29%) 1.00
Dominant C/T-T/T 47 (75.8%) 44.(71%) 0.90 (0.39-2.07) 08 1715
Recessi C/C-C/T 44 (71%) 51 (82.3%) 1.00 027 1703 099
ecessive T/T 18 (29%) 11 (17.7%) 0.61 (0.25-1.47) - :
. C/C-T/T 33 (53.2%) 29 (46.8%) 1.00
Overdominant c/T 29 (46.8%) 33 (53.2%) 130 (0.63-270) 048 1711
Log-additive — — — 0.80 (047-136) 041 1709
TREMI 154711668
c/C 26 (41.9%) 21 (33.9%) 1.00
Codominant T/C 30 (48.4%) 30 (48.4%) 129 (058-2.85) 046 172 0.85
T/T 6(9.7%) 11 (17.7%) 2.07 (0.64-6.75)
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Without Severe

With Severe

Bioprosthetic Bioprosthetic o
Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
TREMI rs4711668
. c/C 26 (41.9%) 21 (33.9%) 1.00
Dominant T/C-T/T 36 (58.1%) 41 (66.1%) 1.43 (0.67-3.04) 035 170.7
. C/C-T/C 56 (90.3%) 51 (82.3%) 1.00
Recessive T/T 6(9.7%) 11 (17.7%) 180 (0.60-537) 0% 1704 oo
] C/C-T/T 32 (51.6%) 32 (51.6%) 1.00
Overdominant T/C 30 (48.4%) 30 (48.4%) 107 (051-221) 087 1715
Log-additive — _ _ 140 (0.81-241) 023 170.1
TREMI rs3804277
c/C 16 (25.8%) 18 (29%) 1.00
Codominant C/T 28 (45.2%) 33 (53.2%) 113 (047-2.69) 052 1723
T/T 18 (29%) 11 (17.7%) 0.66 (0.23-1.89)
, c/C 16 (25.8%) 18 (29%) 1.00
Dominant C/T-T/T 46 (74.2%) 44 (71%) 096 (042-218) 092 1716
Recessi C/C-C/T 44 (71%) 51 (82.3%) 1.00 07 03 086
ccessive T/T 18 (29%) 11 (17.7%) 0.61 (0.25-1.47) - :
] C/C-T/T 34 (54.8%) 29 (46.8%) 1.00
Overdominant c/T 28 (45.2%) 33 (53.2%) 1.36 (0.66-2.83) 041 170.3
Log-additive — _ — 0.82(049-139) 047 171
TREMI rs2234237
T/T 49 (79%) 50 (80.7%) 1.00
Codominant A/T 13 (21%) 11 (17.7%) 0.69 (0.27-179) 039 1717
A/A 0(0%) 1(1.6%) 0.00 (0.00-0.00)
_ T/T 49 (79%) 50 (80.7%) 1.00
Dominant A/T-A/A 13 (21%) 12 (19.4%) 076 (030-192) 0% 171.2
Recessi T/T-A/T 62 (100%) 61 (98.4%) 1.00 06 03 099
ccessive A/A 0 (0%) 1(1.6%) 0.00 (0.00-0.00) : :
, T/T-A/A 49 (79%) 51 (82.3%) 1.00
Overdominant A/T 13 (21%) 11 (17.7%) 0.67 (0.26-1.74) 0.41 1709
Log-additive — — — 0.86 (0.36-2.05) 073 1715
TREM rs6910730
A/A 49 (79%) 48 (77.4%) 1.00
Codominant A/G 13 (21%) 13 (21%) 0.84(0.34210) 049 1722
G/G 0(0%) 1(1.6%) 0.00 (0.00-0.00))
_ A/A 49 (79%) 48 (77.4%) 1.00
Dominant A/G-G/G 13 (21%) 14 (22.6%) 0.91 (0.37-2.24) 0.83 1715
Recessi A/AA/G 62 (100%) 61 (98.4%) 1.00 06 03 0.99
ecessive G/G 0 (0%) 1 (1.6%) 0.00 (0.00-0.00) : :
, A/AG/G 49 (79%) 49 (79%) 1.00
Overdominant A/G 13 (21%) 13 (21%) 0.82 (0.33-2.05) 0.67 1714
Log-additive — — — 1.00 (0.43-2.34) 1 1716
TREM rs1817537
c/C 16 (25.8%) 18 (29%) 1.00
Codominant C/G 28 (45.2%) 33 (53.2%) 113 (047-2.69) 052 1723
G/G 18 (29%) 11 (17.7%) 0.66 (0.23-1.89)
‘ c/C 16 (25.8%) 18 (29%) 1.00
Dominant C/G-G/G 46 (74.2%) 44 (71%) 0.96 (0.42-2.18) 0.92 171.6
Recossi C/C-C/G 44 (71%) 51 (82.3%) 1.00 027 1703 0.86
ecessive G/G 18 (29%) 11 (17.7%) 0.61 (0.25-1.47) - :
] C/C-G/G 34 (54.8%) 29 (46.8%) 1.00
Overdominant C/G 28 (45.2%) 33 (53.2%) 136 (0.66-2.83) 041 1709
Log-additive — —_ — 0.82(049-139) 047 171
TREMI 1s9471535
T/T 49 (79%) 50 (80.7%) 1.00
Codominant C/T 13 (21%) 11 (17.7%) 0.69 (027-179) 039 1717
c/C 0 (0%) 1(1.6%) 0.00 (0.00-0.00) 0.99
. T/T 49 (79%) 50 (80.7%) 1.00
Dominant C/T-C/C 13 (21%) 12 (19.4%) 0.76 (0.30-1.92) 055 171.2
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Without Severe With Severe
Model Genotype Bioprosthetic Bioprosthetic OR (95% CI) Value  AIC  HWE
yp Mitral Valve Mitral Valve ° P
Calcification Calcification
TREMI 1s9471535
. T/T-C/T 62 (100%) 61 (98.4%) 1.00
Recessive c/C 0 (0%) 1(1.6%) 0.00 (0.00-0.00) 026 170.3
) T/T-C/C 49 (79%) 51 (82.3%) 1.00 0.99
Overdominant C/T 13 (21%) 11 (17.7%) 0.67 (026-1.74) 041 1709
Log-additive — —_ — 0.86 (0.36-2.05) 073 1715
TREMI 157768162
G/G 26 (41.9%) 21 (33.9%) 1.00
Codominant A/G 31 (50%) 33 (53.2%) 135(0.62-296) 057 1724
A/A 5(8.1%) 8 (12.9%) 1.88 (0.51-6.85)
. G/G 26 (41.9%) 21 (33.9%) 1.00
Dominant A/G-A/A 36 (58.1%) 41 (66.1%) 143 (0.67-304) 0 170.7
Recosci G/G-A/G 57 (91.9%) 54(87.1%) 1.00 » . 0.25
ecessive A/A 5 (8.1%) 8 (12.9%) 1.58 (0.47-5.29) :
, G/G-A/A 31 (50%) 29 (46.8%) 1.00
Overdominant A/G 31 (50%) 33 (53.2%) 118 (057-245) 060 1714
Log-additive — _ _ 136 (0.77-243) 029 170.4
IL1B rs16944
G/G 26 (41.9%) 25 (40.3%) 1.00
Codominant G/A 31 (50%) 30 (48.4%) 092 (042-199) 0.8 1733
A/A 5(8.1%) 7 (11.3%) 1.27 (0.33-4.79)
. G/G 26 (41.9%) 25 (40.3%) 1.00
Dominant G/A-A/A 36 (58.1%) 37 (59.7%) 096 (0.46-2.04) 092 1716
Recess G/G-G/A 57 (91.9%) 55 (88.7%) 1.00 s 1ra 042
ccessive A/A 5 (8.1%) 7 (11.3%) 1.33 (0.38-4.66) : :
, G/G-A/A 31 (50%) 32 (51.6%) 1.00
Overdominant G/A 31 (50%) 30 (48.4%) 088 (0.42-182) 072 1714
Log-additive — — — 1.04(058-1.86) 089 1716
IL1B rs1143634
G/G 30 (48.4%) 40 (64.5%) 1.00
Codominant G/A 27 (43.5%) 17 (27.4%) 048 (021-1.06) 018 1702
A/A 5 (8.1%) 5(8.1%) 0.63 (0.16-2.54)
. G/G 30 (48.4%) 40 (64.5%) 1.00
Dominant G/A-A/A 32 (51.6%) 22 (35.5%) 050 (024-107) 007 1683
Recessi G/G-G/A 57 (91.9%) 57 (91.9%) 1.00 07 s 048
ccessive A/A 5 (8.1%) 5 (8.1%) 0.83 (0.21-3.24) : :
, G/G-A/A 35 (56.5%) 45 (72.6%) 1.00
Overdominant G/A 27 (43.5%) 17 (27.4%) 051(023-1.10) 0084 1686
Log-additive — — — 0.64(036-115  0.13 169.3
IL1F9 rs17659543
c/C 49 (79%) 48 (78.7%) 1.00
Codominant C/T 12 (19.4%) 13 (21.3%) 1.03 (041-255) 065 172
T/T 1(1.6%) 0.(0%) 0.00 (0.00-0.00)
_ c/C 49 (79%) 48 (78.7%) 1.00
Dominant C/T-T/T 13 (21%) 13 (21.3%) 097 (0.40-237) 094 1708
Recessi C/C-C/T 61 (98.4%) 61 (100%) 1.00 035 o 099
ccessive T/T 1 (1.6%) 0 (0%) 0.00 (0.00-0.00) :
. C/C-T/T 50 (80.7%) 48 (78.7%) 1.00
Overdominant c/T 12 (19.4%) 13 (21.3%) 1.04 (0.42-2.59) 093 170.8
Log-additive — — — 091(0.39-213) 083 1708
116 rs1554606
T/T 17 (27.4%) 13 (21%) 1.00
Codominant G/T 30 (48.4%) 37 (59.7%) 143(058-352) 059 1725
G/G 15 (24.2%) 12 (19.4%) 0.94 (0.32-2.82)
‘ T/T 17 (27.4%) 13 (21%) 1.00 0.47
Dominant G/T-G/G 45 (72.6%) 49 (79%) 1.27 (0.54-3.02) 0.58 171.3
. T/T-G/T 47 (75.8%) 50 (80.7%) 1.00
Recessive G/G 15 (24.2%) 12 (19.4%) 0.73 (0.30-1.80) 0.5 1711
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Without Severe
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Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
IL6 rs1554606
. T/T-G/G 32 (51.6%) 25 (40.3%) 1.00
Overdominant " /1 30 (48.4%) 37 (59.7%) 147 070-307 03 W0S o
Log-additive — — — 098 (0.57-1.69) 094 1716
IL6 51800796
G/G 53 (85.5%) 49 (79%) 1.00
Codominant C/G 8 (12.9%) 11 (17.7%) 151 (0544.24) 069 1728
c/C 1(1.6%) 2(3.2%) 1.66 (0.14-20.27)
, G/G 53 (85.5%) 49 (79%) 1.00
Dominant C/G-C/C 9 (14.5%) 13 (21%) 1.53 (0.58—4.06) 0.39 170.8
0.10
. G/G-C/G 61 (98.4%) 60 (96.8%) 1.00
Recessive c/C 1(1.6%) 2 (32%) 154 (013-18.69) 073 171.5
. G/G-C/C 54 (87.1%) 51 (82.3%) 1.00
Overdominant C/G 8 (12.9%) 11 (17.7%) 149 (053-4.17) 044 71
Log-additive — _ — 1.42 (0.62-3.26) 04 1709
IL6 152069827
G/G 48 (77.4%) 51 (82.3%) 1.00
Codominant G/T 13 (21%) 10 (16.1%) 0.66 (026-1.69)  0.68 1728
T/T 1(1.6%) 1(1.6%) 0.87 (0.05-15.09)
. G/G 48 (77.4%) 51 (82.3%) 1.00
Dominant G/T-T/T 14 (22.6%) 11 (17.7%) 067 (027-1.68) ¥ 1708
Recessi G/G-G/T 61 (98.4%) 61 (98.4%) 1.00 or 17 0.63
ccesstve T/T 1 (1.6%) 1 (1.6%) 0.95 (0.06-16.33) - :
, G/G-T/T 49 (79%) 52 (83.9%) 1.00
Overdominant G/T 13 (21%) 10 (16.1%) 066 (026-169) 03 1708
Log-additive — _ _ 073 (0.32-1.64) 044 171
IL6R rs2228145
A/A 25 (40.3%) 28 (45.2%) 1.00
Codominant C/A 29 (46.8%) 28 (45.2%) 1.00 (046-2.18) 081 1732
c/C 8 (12.9%) 6(9.7%) 0.68 (0.20-2.34)
, A/A 25 (40.3%) 28 (45.2%) 1.00
Dominant C/A-C/C 37 (59.7%) 34 (54.8%) 093 (0.44-194) 084 1715
Recessi A/A-C/A 54 (87.1%) 56 (90.3%) 1.00 05 1a 0.99
ccessive c/C 8 (12.9%) 6 (9.7%) 0.68 (0.21-2.20) : :
, A/AC/C 33 (53.2%) 34 (54.8%) 1.00
Overdominant C/A 29 (46.8%) 28 (45.2%) 108 (0.52-227) 083 1715
Log-additive — — — 0.88 (0.51-153)  0.65 1714
IL6R rs2229238
c/C 42 (67.7%) 35 (56.5%) 1.00
Codominant C/T 14 (22.6%) 25 (40.3%) 248(1.07-573)  0.03 166.6
T/T 6(9.7%) 2(3.2%) 0.40 (0.07-2.25)
_ c/C 42 (67.7%) 35 (56.5%) 1.00
Dominant C/T-T/T 20 (32.3%) 27 (43.5%) 183 (084-396) 012 1692
Recessi C/CC/T 56 (90.3%) 60 (96.8%) 1.00 013 19 030
ccessive T/T 6 (9.7%) 2 (3.2%) 0.30 (0.05-1.59) : :
_ C/C-T/T 48 (77.4%) 37 (59.7%) 1.00
Overdominant C/T 14 (22.6%) 25 (40.3%) 270 (1.18-616) 0016 1658
Log-additive — — — 121(0.66-221) 054 1712
118 rs2227306
c/C 20 (32.3%) 20 (32.3%) 1.00
Codominant C/T 29 (46.8%) 30 (48.4%) 1.05(045-243) 097 1735
T/T 13 (21%) 12 (19.4%) 0.92 (0.33-2.61)
_ c/C 20 (32.3%) 20 (32.3%) 1.00
Dominant C/T-T/T 42 (67.7%) 42 (67.7%) 101 046-222) 0% 171.6
Recessi C/C-C/T 49 (79%) 50 (80.7%) 1.00 082 s 072
ecessive T/T 13 (21%) 12 (19.4%) 0.90 (0.36-2.23) - :
. C/C-T/T 33 (53.2%) 32 (51.6%) 1.00
Overdominant c/T 29 (46.8%) 30 (48.4%) 1.08 (0.52-2.26) 0.84 171.5
Log-additive — — — 0.97 (0.58-1.62) 0.9 1716
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Without Severe With Severe
Model Genotype Bioprosthetic  Bioprosthetic OR (95% CI) Value  AIC  HWE
yP Mitral Valve Mitral Valve ° P
Calcification Calcification
IL10 rs1800871
G/G 34 (54.8%) 31 (50%) 1.00
Codominant A/G 24 (38.7%) 31 (50%) 181 (0.83-395) 0029 1665
A/A 4(65%) 0(0%) 0.00 (0.00-0.00)
, G/G 34 (54.8%) 31 (50%) 1.00
Dominant A/G-A/A 28 (45.2%) 31 (50%) 1.55 (0.72-3.32) 026 170.3
Recessi G/G-A/G 58 (93.5%) 62 (100%) 1.00 0020 1668 0.09
ccesstve A/A 4 (6.5%) 0 (0%) 0.00 (0.00-0.00) : :
] G/G-A/A 38 (61.3%) 31 (50%) 1.00
Overdominant A/G 24 (38.7%) 31 (50%) 202093438 907 168.3
Log-additive _ _ — 115(059-2.24) 068 1714
IL10 rs1800872
G/G 34 (54.8%) 30 (49.2%) 1.00
Codominant T/G 24 (38.7%) 31 (50.8%) 184(0.844.00) 0028 1657
T/T 4(6.5%) 0(0%) 0.00 (0.00-0.00)
. G/G 34 (54.8%) 30 (49.2%) 1.00
Dominant T/G-T/T 28 (45.2%) 31 (50.8%) 157 (0.73-336) 024 169.5
Recess G/G-T/G 58 (93.5%) 61 (100%) 1.00 020 1661 0.09
ccessive T/T 4 (6.5%) 0 (0%) 0.00 (0.00-0.00) : "
] G/G-T/T 38 (61.3%) 30 (49.2%) 1.00
Overdominant T/G 24 (38.7%) 31 (50.8%) 205 (0.95-444) 0065 1674
Log-additive — _ — 117 (0.60-227) 065 170.6
1110 rs1800896
T/T 17 (27.4%) 16 (25.8%) 1.00
Codominant T/C 30 (48.4%) 34 (54.8%) 141 (058-341) 046 172
c/C 15 (24.2%) 12 (19.4%) 0.79 (0.27-2.34)
, T/T 17 (27.4%) 16 (25.8%) 1.00
Dominant T/C-C/C 45 (72.6%) 46 (74.2%) 119 (052-2.74) 068 1714
Recessi T/T-T/C 47 (75.8%) 50 (80.7%) 1.00 033 06 086
ccessive Cc/C 15 (24.2%) 12 (19.4%) 0.64 (0.26-1.58) : :
, T/T-C/C 32 (51.6%) 28 (45.2%) 1.00
Overdominant T/C 30 (48.4%) 34 (54.8%) 156 (0.74-320) 024 170.2
Log-additive — — — 092 (0.54-156) 075 1715
IL12B rs3212227
T/T 38 (61.3%) 36 (58.1%) 1.00
Codominant G/T 21 (33.9%) 22 (35.5%) 130 (059-2.85) 077 173
G/G 3 (4.8%) 4(65%) 142 (0.28-7.32)
_ T/T 38 (61.3%) 36 (58.1%) 1.00
Dominant G/T-G/G 24 (38.7%) 26 (41.9%) 132 (0.62-279) 047 1711
Recessi T/T-G/T 59 (95.2%) 58 (93.5%) 1.00 075 s 080
ccessive G/G 3 (4.8%) 4 (6.5%) 1.29 (0.26-6.47) : :
, T/T-G/G 41 (66.1%) 40 (64.5%) 1.00
Overdominant G/T 21 (33.9%) 22 (35.5%) 1.26 (0.58-2.73) 0.55 171.2
Log-additive — — — 125(0.67-231) 048 1711
TLI12RB rs375947
A/A 27 (43.5%) 26 (41.9%) 1.00
Codominant A/G 26 (41.9%) 29 (46.8%) 121(056-2.66) 077 173.1
G/G 9 (14.5%) 7 (11.3%) 0.82 (0.25-2.67)
‘ A/A 27 (43.5%) 26 (41.9%) 1.00
Dominant A/G-G/G 35 (56.5%) 36 (58.1%) 111 (053233 077 1715
Recessi A/A-A/G 53 (85.5%) 55 (88.7%) 1.00 06 s 084
ecessive G/G 9 (14.5%) 7 (11.3%) 0.74 (0.25-2.26) - :
. A/A-G/G 36 (58.1%) 33 (53.2%) 1.00
Overdominant A/G 26 (41.9%) 29 (46.8%) 127 0.61-2.65) 092 171.2
Log-additive — — — 099 (0.58-169) 096 1716
TNF 361525
- G/G 56 (90.3%) 60 (96.8%) 1.00
A/G 6(9.7%) 2 (32%) 025(0.04-141) 0092 1687 099
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Without Severe
Bioprosthetic

With Severe
Bioprosthetic

Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
TNF 151800629
G/G 48 (77.4%) 54(87.1%) 1.00
Codominant A/G 11 (17.7%) 7 (11.3%) 0.60 (021-173) 039 1717
A/A 3 (4.8%) 1(1.6%) 0.31 (0.03-3.19)
, G/G 48 (77.4%) 54(87.1%) 1.00
Dominant A/G-A/A 14 (22.6%) 8 (12.9%) 0.53 (0.20-1.42) 02 170
Recessi G/G-A/G 59 (95.2%) 61 (98.4%) 1.00 . 06 0.06
ccesstve A/A 3 (4.8%) 1 (1.6%) 0.34 (0.03-3.42) : :
, G/G-A/A 51 (82.3%) 55 (88.7%) 1.00
Overdominant A/G 11 (17.7%) 7 (11.3%) 0.62(021-1.80) 038 1708
Log-additive — — — 0.58 (0.26-1.29) 0.17 169.7
TNF 151799964
T/T 41 (66.1%) 41 (66.1%) 1.00
Codominant C/T 17 (27.4%) 18 (29%) 095 (0.42-216) 087 1733
c/C 4(6.5%) 3 (4.8%) 0.65 (0.13-3.35)
. T/T 41 (66.1%) 41 (66.1%) 1.00
Dominant c/T-C/C 21 (33.9%) 21 (33.9%) 090 (0.41-194) 078 1715
Recess T/T-C/T 58 (93.5%) 59 (95.2%) 100 el 1r1s 025
ccessive Cc/C 4 (6.5%) 3 (4.8%) 0.66 (0.13-3.33) : :
. T/T-C/C 45 (72.6%) 44 (71%) 1.00
Overdominant C/T 17 (27.4%) 18 (29%) 099 (0.44—221) 0% 1716
Log-additive — _ — 0.88 (047-163)  0.68 1714
CRP 3093077
_ c/C 55 (88.7%) 56 (90.3%) 1.00
A/C 7 (11.3%) 6(9.7%) 111 (034-370) 080 1715 099
CRP rs1130864
G/G 33 (53.2%) 22 (35.5%) 1.00
Codominant A/G 24 (38.7%) 31 (50%) 198(0.904.34) 013 169.4
A/A 5(8.1%) 9 (14.5%) 2.72 (0.77-9.59)
, G/G 33 (53.2%) 22 (35.5%) 1.00
Dominant A/G-A/A 29 (46.8%) 40 (64.5%) 210 (1.004.45) 008 1677
0.99
. G/G-A/G 57 (91.9%) 53 (85.5%) 1.00
Recessive A/A 5 (8.1%) 9 (14.5%) 193 (0.58-636) %7 1704
, G/G-A/A 38 (61.3%) 31 (50%) 1.00
Overdominant A/G 24 (38.7%) 31 (50%) 1.61 (0.77-3.38) 0.2 170
Log-additive — _ — 176(1.00-3.09) 0051 1676
CRP 151205
c/C 19 (30.6%) 28 (45.2%) 1.00
Codominant C/T 32 (51.6%) 27 (43.5%) 0.42 (0.18-0.98) 0.09 168.8
T/T 11 (17.7%) 7 (11.3%) 0.41 (0.13-1.30)
. c/C 19 (30.6%) 28 (45.2%) 1.00
Dominant C/T-T/T 43 (69.3%) 34 (54.8%) 042(019-0.93) 0028 1668
Recoss c/CC/T 51 (82.3%) 55 (88.7%) 1.00 s 1700 099
ccessive T/T 11 (17.7%) 7 (11.3%) 0.66 (0.23-1.87) : :
, C/C-T/T 30 (48.4%) 35 (56.5%) 1.00
Overdominant c/T 32 (51.6%) 27 (43.5%) 055(025-117) 012 1691
Log-additive — — — 058(034-1.02) 0052 1678
APOB rs1042031
c/C 43 (71.7%) 42 (70%) 1.00
Codominant C/T 16 (26.7%) 16 (26.7%) 114(048-2.67) 084 1682
T/T 1(1.7%) 2(3.3%) 1.94 (0.15-24.67)
, c/C 43 (71.7%) 42 (70%) 1.00
Dominant C/T-T/T 17 (28.3%) 18 (30%) 119 (0.52-272) 068 166.3
Recessi C/CC/T 59 (98.3%) 58 (96.7%) 1.00 e 16 0.99
ecessive T/T 1 (1.7%) 2 (3.3%) 1.89 (0.15-23.70) : :
, C/C-T/T 44 (73.3%) 44 (73.3%) 1.00
Overdominant C/T 16 (26.7%) 16 (26.7%) 1.12 (0.48-2.62) 0.8 166.4
Log-additive — — — 121(058-251) 061 166.2
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Table 1. Cont.

Without Severe With Severe
Model Genotype Bioprosthetic  Bioprosthetic OR (95% CI) Value  AIC  HWE
yp Mitral Valve Mitral Valve ° P
Calcification Calcification
APOB rs6725189
G/G 41 (68.3%) 39 (65%) 1.00
Codominant G/T 17 (28.3%) 18 (30%) 125(055-288) 081 168.1
T/T 2 (3.3%) 3(5%) 1.53 (0.23-10.15)
, G/G 41 (68.3%) 39 (65%) 1.00
Dominant G/T-T/T 19 (31.7%) 21 (35%) 1.29 (0.58-2.84) 053 166.1
Recessi G/G-G/T 58 (96.7%) 57 (95%) 1.00 o L6d 0-56
ccesstve T/T 2 (3.3%) 3 (5%) 1.43 (0.22-9.29) : :
, G/G-T/T 43 (71.7%) 42 (70%) 1.00
Overdominant G/T 17 (28.3%) 18 (30%) 122 (0.54-278) 063 166.3
Log-additive _ _ — 125(0.64242) 051 166.1
APOE rs7412
_ c/C 50 (80.7%) 54 (87.1%) 1.00
C/T 12 (19.4%) 8 (12.9%) 073 (027-2.00) 054 712 09
APOE rs429358
_ T/T 51 (82.3%) 46 (74.2%) 1.00
C/T 11 (17.7%) 16 (25.8%) 145(059-357) 042 1709 036
LIPC rs1800588
c/C 38 (61.3%) 37 (60.7%) 1.00
Codominant C/T 22 (35.5%) 18 (29.5%) 086(0.39-192) 027 169.6
T/T 2 (3.2%) 6(9.8%) 3.43 (0.62-19.08)
. c/C 38 (61.3%) 37 (60.7%) 1.00
Dominant C/T-T/T 24 (38.7%) 24 (39.3%) 1.07 0.50-226) 087 170.2
Recess C/CC/T 60 (96.8%) 55 (90.2%) 1.00 o 167 044
ccessive T/T 2 (3.2%) 6 (9.8%) 3.61 (0.66-19.64) : :
, C/C-T/T 40 (64.5%) 43 (70.5%) 1.00
Overdominant c/T 22 (35.5%) 18 (29.5%) 0.77 (0.35-1.69) 052 169.8
Log-additive — — — 126 (0.69-230) 045 169.6
LPA rs10455872
_ A/A 52 (83.9%) 59 (96.7%) 1.00
A/G 10 (16.1%) 2(3.3%) 018 (0.04-091y 0019 16563 0.9
NOTCHI 1513290979
A/A 26 (41.9%) 20 (32.8%) 1.00
Codominant A/G 28 (45.2%) 26 (42.6%) 1.28 (0.56-2.93) 01 1683
G/G 8 (12.9%) 15 (24.6%) 3.15 (1.05-9.46)
. A/A 26 (41.9%) 20 (32.8%) 1.00
Dominant A/G-G/G 36 (58.1%) 41 (67.2%) 1.65 (0.76-3.57) 02 169.2
Recossi A/A-A/G 54 (87.1%) 46 (75.4%) 1.00 004 66 0-35
ccesstve G/G 8 (12.9%) 15 (24.6%) 2.75 (1.02-7.43) : :
, A/A-G/G 34 (54.8%) 35 (57.4%) 1.00
Overdominant A/G 28 (45.2%) 26 (42.6%) 087 (042-182) 072 170.7
Log-additive _ _ — 168 (0.99-2.85) 005 167
VDR 15731236
A/A 32 (51.6%) 29 (47.5%) 1.00
Codominant A/G 26 (41.9%) 24 (39.3%) 1.04(048-227) 054 1716
G/G 4(6.5%) 8 (13.1%) 2.07 (0.55-7.81)
. A/A 32 (51.6%) 29 (47.5%) 1.00
Dominant A/G-G/G 30 (48.4%) 32 (52.5%) 119 (0.57-2.48) 064 170.6
Recess A/AA/G 58 (93.5%) 53 (86.9%) 100 0 1606 0-67
ecessive G/G 4(6.5%) 8 (13.1%) 2.03 (0.56-7.32) - :
, A/A-G/G 36 (58.1%) 37 (60.7%) 1.00
Overdominant = /G 26 (41.9%) 24 (39.3%) 093 (0.44-19¢) 08 1708
Log-additive — _ — 127(073-222) 039 170.1
VDR 152228570
G/G 16 (25.8%) 19 (31.1%) 1.00
Codominant A/G 36 (58.1%) 29 (47.5%) 070 (030-1.64)  0.62 1719 058

A/A 10 (16.1%) 13 (21.3%) 1.02 (0.34-3.07)
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Without Severe
Bioprosthetic

With Severe
Bioprosthetic

Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
VDR rs2228570
. G/G 16 (25.8%) 19 (31.1%) 1.00
Dominant A/G-A/A 46 (74.2%) 42 (68.8%) 0.77 (0.34-1.74) 053 170.4
) G/G-A/G 52 (83.9%) 48 (78.7%) 1.00
Recessive A/A 10 (16.1%) 13 (21.3%) 129 (0.50-333) 0% 1706 58
] G/G-A/A 26 (41.9%) 32 (52.5%) 1.00
Overdominant A/G 36 (58.1%) 29 (47.5%) 069 (0.33-144) 03 1699
Log-additive — — _ 097 (0.57-1.67) 091 170.8
CASR rs1042636
A/A 47 (75.8%) 50 (82%) 1.00
Codominant A/G 14 (22.6%) 8 (13.1%) 051(0.19-1.38) 025 170.1
G/G 1(1.6%) 3 (4.9%) 2.79 (0.26-29.85)
, A/A 47 (75.8%) 50 (82%) 1.00
Dominant A/G-G/G 15 (24.2%) 11 (18%) 0.67 (027-1.65) 038 170.1
Recessi A/A-A/G 61 (98.4%) 58 (95.1%) 1.00 033 1699 0.08
ccessive G/G 1 (1.6%) 3 (4.9%) 3.04 (0.29-32.42) . :
. A/A-G/G 48 (77.4%) 53 (86.9%) 1.00
Overdominant A/G 14 (22.6%) 8 (13.1%) 050 (0.19-135) 016 1689
Log-additive — — — 0.87 (0.42-1.80) 0.7 170.7
OPG rs3134069
A/A 49 (79%) 52 (85.2%) 1.00
Codominant A/C 12 (19.4%) 9 (14.8%) 0.80 (0.30-2.12) 0.59 171.8
c/C 1(1.6%) 0(0%) 0.00 (0.00-0.00)
_ A/A 49 (79%) 52 (85.2%) 1.00
Dominant A/C-C/C 13 (21%) 9 (14.8%) 075(029-197) 096 1705
Recessi A/A-A/C 61 (98.4%) 61 (100%) 1.00 035 0 099
ccessive c/C 1 (1.6%) 0 (0%) 0.00 (0.00-0.00) :
) A/A-C/C 50 (80.7%) 52 (85.2%) 1.00
Overdominant A/C 12 (19.4%) 9 (14.8%) 0.81 (0.31-2.16) 0.68 170.7
Log-additive — — — 0.72(029-1.80) 048 1703
OPG rs2073618
G/G 15 (24.2%) 12 (19.7%) 1.00
Codominant C/G 35 (56.5%) 37 (60.7%) 129(051-3.27) 085 1725
c/C 12 (19.4%) 12 (19.7%) 1.13 (0.35-3.61)
_ G/G 15 (24.2%) 12 (19.7%) 1.00
Dominant C/G-C/C 47 (75.8%) 49 (80.3%) 125 (051-3.08) 002 170.6
Recessi G/G-C/G 50 (80.7%) 49 (80.3%) 1.00 058 08 0.07
ecessive c/C 12 (19.4%) 12 (19.7%) 0.93 (0.37-2.37) : :
, G/G-C/C 27 (43.5%) 24 (39.3%) 1.00
Overdominant C/G 35 (56.5%) 37 (60.7%) 1.22 (0.58-2.57) 0.6 170.6
Log-additive — — — 107 (0.60-1.91) 082 170.8
OPG rs3102735
T/T 39 (62.9%) 46 (75.4%) 1.00
Codominant C/T 19 (30.6%) 14 (22.9%) 0.69 (0.30-161) 039 171
c/C 4(6.5%) 1(1.6%) 0.29 (0.03-2.80)
‘ T/T 39 (62.9%) 46 (75.4%) 1.00
Dominant C/T-C/C 23 (37.1%) 15 (24.6%) 0.63 (0.28-1.41) 026 169.6
Recossi T/T-C/T 58 (93.5%) 60 (98.4%) 1.00 08 Lo 0.53
ecessive Cc/C 4 (6.5%) 1 (1.6%) 0.32 (0.03-3.08) : :
) T/T-C/C 43 (69.3%) 47 (77%) 1.00
Overdominant C/T 19 (30.6%) 14 (22.9%) 074 (032-170) 048 170.3
Log-additive — —_ — 0.63(0.32-126)  0.19 169.1
CALCR rs1801197
A/A 32 (51.6%) 37 (60.7%) 1.00
Codominant A/G 27 (43.5%) 20 (32.8%) 0.64(029-139) 048 1714
G/G 3 (4.8%) 4(6.6%) 1.19 (0.24-5.98)
. A/A 32 (51.6%) 37 (60.7%) 1.00 0.99
Dominant A/G-G/G 30 (48.4%) 24 (39.3%) 0.69 (0.33-1.46) 0.34 169.9
) A/A-A/G 59 (95.2%) 57 (93.4%) 1.00
Recessive G/G 3 (4.8%) 4(6.6%) 143 (0.29-699) 065 1706
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Without Severe
Bioprosthetic

With Severe
Bioprosthetic

Model Genotype Mitral Valve Mitral Valve OR (95% CI) p-Value AIC HWE
Calcification Calcification
CALCR 51801197
. A/AG/G 35 (56.5%) 41 (67.2%) 1.00
Overdominant A/G 27 (43.5%) 20 (32.8%) 0.63(029-135) 023 1694 o9
Log-additive — — — 082(045-152) 054 1705
F2 151799963
_ G/G 59 (98.3%) 58 (98.3%) 1.00
A/G 1(1.7%) 1(1.7%) 064 (0.04-1158) 277 1643 099
F5 rs6025
_ c/C 55 (91.7%) 57 (96.6%) 1.00
C/T 5 (8.3%) 2 (3.4%) 031 (0.05-184) 018 1625 0.9
F5 rs6027
T/T 47 (78.3%) 46 (78%) 1.00
Codominant C/T 11 (18.3%) 11 (18.6%) 0.86(0.33-229) 092 1662
c/C 2 (3.3%) 2 (3.4%) 1.33 (0.17-10.31)
. T/T 47 (78.3%) 46 (78%) 1.00
Dominant c/T-C/C 13 (21.7%) 13 (22%) 092 (037-229) 087 164.3
0.09
Recessive T/T-C/T 58 (96.7%) 57 (96.6%) 1.00 - 143
c/C 2 (3.3%) 2 (3.4%) 1.36 (0.18-10.49) : -
. T/T-C/C 49 (81.7%) 48 (81.4%) 1.00
Overdominant C/T 11 (18.3%) 11 (18.6%) 085(032-225 070 164.3
Log-additive _ _ — 099 (047-2.07) 097 1644
F7 rs6046
G/G 52 (86.7%) 42 (712%) 1.00
Codominant A/G 7 (11.7%) 15 (25.4%) 255(091-7.16) 015 1625
A/A 1(1.7%) 2 (3.4%) 2.94 (0.25-35.06)
. G/G 52 (86.7%) 42 (71.2%) 1.00
Dominant A/G-A/A 8 (13.3%) 17 (28.8%) 259 (098-690) 0052 1605
Recess G/G-A/G 59 (98.3%) 57 (96.6%) 100 e 168 020
ecessive A/A 1 (1.7%) 2 (3.4%) 2.48 (0.21-29.33) . :
, G/G-A/A 53 (88.3%) 44 (74.6%) 1.00
Overdominant =" /i 7 (11.7%) 15 (25.4%) 245(088-687) 008 1613
Log-additive — _ — 219 (0.94-511) 0058  160.8
F13A1 rs5985
c/C 39 (65%) 37 (62.7%) 1.00
Codominant A/C 15 (25%) 19 (32.2%) 174(072-421) 033 164.1
A/A 6 (10%) 3(5.1%) 0.66 (0.15-2.91)
. c/C 39 (65%) 37 (62.7%) 1.00
Dominant A/C-A/A 21 (35%) 22 (37.3%) 141 (0.63-3.14) 04 163.7
Recessi C/C-A/C 54 (90%) 56 (94.9%) 1.00 ol a7 0.10
ccessive A/A 6 (10%) 3 (5.1%) 0.55 (0.13-2.37) : :
, C/C-A/A 45 (75%) 40 (67.8%) 1.00
Overdominant A/C 15 (25%) 19 (32.2%) 1.83 (0.77-4.36) 0.17 162.5
Log-additive — — — 109 (0.60-1.98) 078 1643
ITGB3 rs5918
T/T 45 (75%) 42 (71.2%) 1.00
Codominant C/T 12 (20%) 14 (23.7%) 111 (045277) 095 1663
c/C 3 (5%) 3(5.1%) 0.83 (0.15-4.65)
_ T/T 45 (75%) 42 (712%) 1.00
Dominant C/T-C/C 15 (25%) 17 (28.8%) 1.05 (0.45-2.46) 09 1644
Recessive T/T-C/T 57 (95%) 56 (94.9%) 1.00 081 L4 0.08
c/C 3 (5%) 3(5.1%) 0.81 (0.15-4.46) : -
‘ T/T-C/C 48 (80%) 45 (76.3%) 1.00
Overdominant c/T 12 (20%) 14 (23.7%) 1.13 (0.46-2.79) 0.8 164.3
Log-additive — — — 1.00 (0.51-1.95) 1 164.4

Here and below: TLR is for Toll-like receptor, TREM is for triggering receptor expressed on myeloid cells, IL is
for interleukin, TNF is for tumor necrosis factor, CRP is for C-reactive protein, APO is for apolipoprotein, LIPC is
for hepatic lipase, LPA is for lipoprotein (a), VDR is for vitamin D receptor, CASR is for calcium-sensing receptor,
OPG is for osteoprotegerin, CALCR is for calcitonin receptor, ITGB is for integrin beta, OR is for odds ratio, ClI is
for confidence interval, AIC is for Akaike information criterion, and HWE is for Hardy-Weinberg equilibrium.
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The C allele of the rs1800796 polymorphism within the TLR6 gene, the T allele of the rs1205
polymorphism within the CRP gene, and the G allele of the rs10455872 polymorphism within the LPA
gene were associated with decreased risk of severe bioprosthetic mitral valve calcification. In contrast,
the A allele of the rs5743810 polymorphism within the TLR6 gene, the C/T genotype of the rs2229238
polymorphism within the IL6R gene, the A/G genotype of the rs1800871 polymorphism and the
T/G genotype of the rs1800872 polymorphism within the IL10 gene, and the G/G genotype of the
rs13290979 polymorphism within the NOTCH1 gene were associated with increased risk of severe
bioprosthetic mitral valve calcification. To perform an additional quality control step, we tested
six non-relevant SNPs within the genes encoding coagulation factors and integrin beta 3, a protein
responsible for platelet aggregation. Expectedly, we did not find any significant associations with
severe bioprosthetic mitral valve calcification.

We then carried out a stepwise logistic regression to reveal independent predictive markers of
severe bioprosthetic mitral valve calcification. Out of eight markers revealed by genetic association
analysis, only three remained significant (Table 2).

Table 2. Brief description of the model predicting the risk of severe bioprosthetic mitral valve
calcification after mitral valve replacement surgery, calculated by stepwise logistic regression.

Clinical Markers
Gender Male gender OR = 2.80 (95% CI = 1.23-6.38)
Age No statistically significant association
Coronary artery disease No statistically significant association
Peripheral artery disease No statistically significant association
Arterial hypertension No statistically significant association
Diabetes mellitus No statistically significant association

Genomic Markers

rs3775073 (TLR6) Carriers of T/T genotype: OR = 3.33 (95% CI = 1.14-9.75)
1s2229238 (IL6R) Carriers of C/T genotype: OR = 3.70 (95% CI = 1.48-9.22)
rs10455872 (LPA) Carriers of A/A genotype: OR = 5.67 (95% CI = 1.19-27.09)
rs5743810 (TLR6) No statistically significant association
rs1800871 (IL10) No statistically significant association
rs1800872 (IL10) No statistically significant association
151205 (CRP) No statistically significant association
rs13290979 (NOTCH1) No statistically significant association
General Evaluation
Sensitivity 59.68% (37 true; 25 false-negatives)
Specificity 74.19% (46 true; 16 false-positives)
Percent of cases correctly classified 66.94%
Area under the ROC curve 0.73 (95% CI = 0.64-0.81)
Standard error 0.045

Here and below: ROC is for receiver operating characteristic.

A final model for prediction of severe bioprosthetic mitral valve calcification included male
gender, the T/T genotype of the rs3775073 polymorphism within the TLR6 gene, the C/T genotype
of the rs2229238 polymorphism within the IL6R gene, and the A/A genotype of the rs10455872
polymorphism within the LPA gene. The area under the ROC curve of 0.73 demonstrated the fair
predictive value of the model.

3. Discussion

Previous studies vaguely uncovered the genetic susceptibility to mitral annular calcification.
Novaro et al. [10] and Tangri et al. [11] did not detect significant associations between polymorphisms
within apoE (gene encoding apolipoprotein E), Klotho, B-Klotho, and FGF-23 (genes encoding
proteins constituting one of the calcium phosphate homeostasis pathways) genes and mitral annular
calcification. Davutoglu and Nacak [12] reported that the I allele of the rs4340 polymorphism within
the ACE gene (encoding angiotensin-converting enzyme) correlated with a higher risk of mitral
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annular calcification. Moreover, a study by Thanassoulis et al. [13] revealed two IL1F9 (gene encoding
IL-36'y /IL-1F9 protein) gene polymorphisms, rs17659543 and rs13415097, being significantly associated
with higher risk of mitral annular calcification.

However, there are no published data on genetic susceptibility to bioprosthetic mitral valve
calcification. In addition, there is no any model for the prediction of bioprosthetic mitral valve
calcification. Here we identified the T/T genotype of the rs3775073 polymorphism within the TLR6
gene, the C/T genotype of the rs2229238 polymorphism within the IL6R gene, and the A/A genotype
of the rs10455872 polymorphism within the LPA gene as the independent predictive markers of severe
bioprosthetic mitral valve calcification. Moreover, we developed a predictive model with the fair
discriminative power. Nevertheless, area under the receiver operating characteristic (ROC) curve of
0.73 indicates a number of other relevant predictive markers to be discovered.

A previous study by our research group found that the C/T genotype of the rs2229238
polymorphism within the IL6R gene is significantly associated with a higher IL-6 plasma level
compared to the C/C and T/T genotypes [14]. It is worth noting that IL-6 is associated with
heart valve calcification in general and with mitral annular calcification in particular [15,16].
Therefore, we hypothesize that the C/T genotype of the rs2229238 polymorphism within the IL6R
gene may increase IL-6 plasma level and may thus promote bioprosthetic mitral valve calcification.

Our study had a considerable shortcoming: we recruited a relatively small sample due to
a limited number of mitral valve replacements. However, we tested six irrelevant SNPs for the
occasional associations, expectedly with a negative result. This approach was used to increase statistical
confidence when using a small sample size.

Our findings may have clinical applications. A genomics-based model for the prediction of
severe bioprosthetic mitral valve calcification can be used in choosing between mechanical and
bioprosthetic mitral valves for mitral valve replacement surgery. For carriers of the high risk genotypes,
mechanical heart valves which are resistant to calcification may be an appropriate option (reviewed by
Bre et al. [17]). Further investigations on larger samples are necessary to confirm our results.

4. Materials and Methods

4.1. Population

Inclusion criteria were: (1) living in Kemerovo Region for >2 generations; (2) Russian ethnicity;
(3) mitral valve replacement surgery due to mitral valve disease; and (4) written informed consent.
Exclusion criteria were: (1) belonging to the immigrant or aboriginal populations; (2) previous cancer
diagnosis; (3) concomitant mental disorders and/or autoimmune diseases; and (4) refusal to sign
a written informed consent.

We recruited 140 patients admitted to our Research Institute who underwent mitral valve
replacement surgery due to mitral valve disease in 2006-2007. After exclusion of 16 patients due to the
above-mentioned criteria, the study group finally included 124 patients (Table 3).

Table 3. Clinical features of the patients who underwent mitral valve replacement surgery.

Feature Value, 1 (%)
Male gender 50 (40.32%)
Age > 50 years 65 (52.42%)
Mitral stenosis and/or regurgitation with New York 54 (43.55%)
Heart Association functional class III-IV symptoms ’
Coronary artery disease 14 (11.29%)
Peripheral artery disease 6 (4.84%)
Arterial hypertension 38 (30.64%)
Diabetes mellitus 8 (6.45%)
Severe bioprosthetic mitral valve 62 (50.00%)

calcification within 8 years post-implantation
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Half of them (n = 62) had severe bioprosthetic mitral valve calcification within 8 years
post-implantation and therefore represented a case group; remaining subjects (n = 62) without severe
bioprosthetic mitral valve calcification were considered as the controls (Table 4). The local ethical
committee approved the study protocol. All the participants provided written informed consent after
the study was fully explained.

Table 4. Basic and echocardiography characteristics of the study population.

Without Severe With Severe Bioprosthetic

Feature Bloprosthet‘uf M%tral Mitral Valve Calcification Total p Value
Valve Calcification
Basic characteristics
Sample size 62 (50.00%) 62 (50.00%) 124 (100.00%)
Mean age 50.60 (48.12-53.08) 47.81 (45.68-49.94) 49.20 (47.57-50.83) 0.09
Standard deviation 976 839 9.17
of mean age
Male gender 19 (30.64%) 31 (50.00%) 50 (40.32%) 0.03
Female gender 43 (69.36%) 31 (50.00%) 74 (59.68%) ’
Echocardiography characteristics
Left atrial diameter, cm 6.70 (6.43-7.01) 5.51 (5.22-5.69) 6.10 (5.82-6.35) 0.02
Left ventricular
end-diastolic diameter, cm 5.42 (5.23-5.56) 5.37 (5.17-5.50) 5.39 (5.20-5.53) 0.81
Left ventricular
end-systolic diameter, cm 3.23 (3.05-3.39) 3.41 (3.26-3.51) 3.32(3.15-3.45) 0.36
Leftventricular 139 53 (136 1214315 136.56 (134.01-139.76) 137.79 (135.06-141.45)  0.82
end-diastolic volume, cm
Left ventricular 40.23 (38.23-41.98) 45.14 (43.24-47.12) 42,68 (40.73-44.55) 0.03
end-systolic volume, cm
Interventricular septal 1.04 (0.97-1.12) 1.08 (1.02-1.15) 1.06 (0.99-1.13) 0.89
thickness, cm
Left ventricular posterior
wall thicknees, cn 1.03 (0.95-1.08) 1.11 (1.00-1.18) 1.07 (0.97-1.13) 0.72
Left ventricular ejection 71.00 (67.00~74.00) 65.00 (61.00-68.00) 68.00 (64.00~71.00) 0.03
fraction, %
Right atrial diameter, cm 6.00 (5.87-6.16) 4.70 (4.62-4.88) 5.35 (5.24-5.52) 0.03
R‘ght ventricular 2.09 (2.01-2.17) 2.03 (1.95-2.14) 2.06 (1.98-2.15) 0.76
iameter, cm
Aortic root diameter, cm 3.30 (3.12-3.49) 3.32 (3.14-3.50) 3.31 (3.13-3.49) 0.93
Mitral valve area, cm? 1.72 (1.64-1.79) 1.41 (1.35-1.47) 1.56 (1.49-1.63) 0.02

The diagnosis of mitral valve disease and decision on mitral valve replacement surgery
were performed in accordance with the respective American guidelines [18]. For the mitral valve
replacement, we used KemCor and PeriCor bioprosthetic valves (NeoCor, Russian Federation)
crosslinked with ethylene glycol diglycidyl ether for conferring resistance to oxidation and enzymatic
degradation [19]. Functional conditions of the bioprosthetic valves were annually assessed by
echocardiography. After the explantation of failing bioprosthesis (Figure 1a), bioprosthetic mitral
valve calcification was verified by von Kossa staining (Figure 1b) and scanning electron microscopy
(Figure 1c).
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Figure 1. Bioprosthetic valve calcification: (a) explanted bioprosthetic heart valve; (b) von Kossa

staining, scale bar = 50 um; (c) scanning electron microscopy. Calcified areas are indicated as

black circles.

The study workflow is shown in the Figure 2.
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Figure 2. Study workflow.

4.2. SNP Selection and Genotyping

For this study, we defined four main criteria for SNP selection: (1) location within innate immunity,
lipid metabolism, or calcium metabolism genes; (2) minor allele frequency >5% for Russian population
tested with HapMap; (3) functional consequences; and (4) few or no studies on the role of the SNP
in mitral valve calcification. The National Center for Biotechnology Information dbSNP, SNPinfo,
and SNPnexus databases were utilized for the SNP selection [20,21]. In total, we selected 50 SNPs

within 24 genes (Table 5).

The procedures of DNA extraction and genotyping were the same as previously described [22-24].
Table 5 demonstrates the sequence-specific primers for genotyped SNPs. Laboratory staff was blinded
to patient status, and one-tenth of the samples was repeatedly genotyped for quality control.
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Table 5. Features of the genotyped polymorphisms.

Forward 5'-3' and

Single Nucleotide Nucleotide Chromosomal Amino Acid ) ey
. . ies e Reverse 3'-5' Polymerase
Polymorphism Substitution Position Substitution . . .
Chain Reaction Primers
TLR1 gene
’ F: agtgggcagggcagtaagggaagct
155743551 T>C 38807654 5'-upstream R: ctcagcactctgaattcetgttttt
F: aacactgatatcaagatactggatt
155743611 C>G 38800214 Arg80Thr R: tattatgagaaattatcaaaatcct
TLR2 gene
13804099 T>C 154624656 Asn199Asn F: caaaaagtttgaagtcaaticagaa
R: gtaagtcatctgatccttcatatga
1s5743708 G>A 154626317 Arg753GIn F: aagecattceceagegctictgcaagetge
R: gaagataatgaacaccaagacctacctgga
TLR4 gene
F: gattagcatacttagactactacctcgatg
rs4986790 A>G 120475302 Asp299Gly R: attattgacttatttaattgtttgacaaat
154986791 C>T 120475602 Thr3991le F: gttgctgticteaaagtgatittgggacaa
R: agcctaaagtatttagatctgagcttcaat
TLR6 gene
F: cactatactctcaacccaagtgcagttttc
13775073 >C 38829832 Lys421Lys R: ttatgtctaccagattccaaagaattccage
15743810 ASG 38830350 Ser249Pro F: ttgagggtanaaticagtaaggtts
R: acctctggtgagttctgataaaaat
TREM-1 gene
151817537 G 41244567 intronic F: acacagggacagacagatggcaatggaaca
R: aaggccagatgcagagccagtgctatgcag
153804277 C>T 41245172 intronic F: ceageatctcteteaccecteacatggtgs
R: cactcagcatcctcagceatctgecccgatt
156910730 A>G 41246633 3’-downstream F: catggagcaacaccaagglctaggggeaag
R: aatctaggatggattcgtgctgacttccca
F: aaagattcctactgctaaataaacaaaaaa
/_
157768162 A>G 41255511 5'-upstream R: taacttggtttcticanaggaattgaaata
F: ggaaggtgagacgctgactttagaaatage
l_
152234246 1 41243740 3-UIR R: ggtgattacagatttaattcatgttattaa
rs4711668 T>C 41246473 3-downstream | BClagtgiggaticcactticcagactgga
R: ttggctgaaaggatagttcatattagatga
159471535 T>C 41255490 5'-upstream F: aaaatttttaaatttaaataaaaagattcc
R: ctgctaaataaacaaaaaaataacttggtt
£$2234237 T>A 41250466 Thr25Ser F: gccectetttcagttcatacttttectcag
R: aatttagttgcagctcggagttctataage
IL1B gene
rs16944 ASG 113594867 5/-upstream F: tacctigggtgctgtictetgecte
R: ggagctctctgtcaattgcaggage
rs1143634 G>A 113590390 Phel05Phe F: cataagcctegttateccatgigtc
R: aagaagataggttctgaaatgtgga
IL1F9 gene
1517659543 C>T 113716306 Notannounced .. Blacctggacaagaggcataaatiggggc
R: gtcttaggaaagcagatatacagccatcct
IL6 gene
151554606 T>G 22768707 intronic F: ttagttcatectgggaaaggtacte

R: cagggccttttecctctctggetge
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Table 5. Cont.

Forward 5'-3’ and

Single Nucleotide Nucleotide Chromosomal Amino Acid ) s
. s ies s Reverse 3'-5' Polymerase
Polymorphism Substitution Position Substitution . . .
Chain Reaction Primers
IL6 gene
151800796 G>C 22766246 5/-upstream F: atggecaggcagtictacaacagce
R: ctcacagggagagccagaacacaga
F: gcccaacagaggtcactgttttatc
/_
rs2069827 G>T 22765456 5'-upstream R: atcttgaagagatctcticttagea
IL6R gene
152228145 AST/C 154426970 Asp358Val/Ala F: aatttittttttaacctagtgcaag
R: ttettettcagtaccactgeccaca
rs2229238 T>C 154437896 3-UTR I ceageagectggaccetgtggatga
R: aaaacacaaacgggctcagcaaaag
IL8 gene
. . F: aactctaactctttatataggaagt
rs2227306 C>T 74607055 intronic R: gticaatgtigtcagttatgactgt
IL10 gene
rs1800871 ASG 206946634 5/-upstream F: agtgagcaaactgaggcacagagat
R: ttacatcacctgtacaagggtacac
rs1800872 T>G 206946407 5'-upstream F: tittactticcagagactggcticctacag
R: acaggcggggtcacaggatgtgttccagge
rs1800896 T>C 206946897 5/-upstream F: tectettacctatecctactteeee
R: tcccaaagaagccttagtagtgttg
IL12B gene
rs3212227 T>G 158742950 3-UTR F- atfgticaatgageatttageate

R: aactatacaaatacagcaaagatat

IL12RB gene

F: aggctgccattcaatgcaatacgtc

15375947 A>G 18180451 Met365Thr
R: tgctctgageecgggctggecaata
TNF gene
rs361525 G>A 31543101 5'-upstream F ggcccagaagaccecccicggaate
R: gagcagggaggatggggagtstgag
151800629 G>A 31543031 5/-upstream F: gaggcaataggtitizagggscaty
R: ggacggggttcagectccagggtce
rs1799964 T>C 31542308 3-downstream | B€AB8BBAABCaAaggagaagcizagaaga
R: gaaggaaaagtcagggtctggaggescsgs
CRP gene
rs3093077 A>C 159679636 Not announced F: ggaatccaggcaagtacgacaacce
R: tctgagactagtgggcagttgtect
rs1130864 G>A 159683091 3-UTR - cetcanatictgattetttiggace
R: tttcccageatagttaacgagctec
51205 ST 159682233 3_UTR F: acttccagtttggcttctgtectca
R: agtctctctecatgtggeaaacaag
APOB gene
rs1042031 C>T 21225753 Glu4181Lys F: caatcagatgcttgactiteatatggaatt
R: ttgagtaactcgtaccaagccatcaaacac
156725189 G>T 21219001 Not announced F: ticceagecteagetcaacagagctatggg
R: cagcagtcggccctctctattgttctttce
APOE gene
rs7412 CsT 45412079 Arg176Cys F: ctectecgegatgecgatgacctgeagaag

R: geetggeagtgtaccaggeeggggeccgeg

15429358 T>C 45411941 Cys130Arg F: geceggetggpegesgacatsgagsacsts
R: geggecgectggtgcagtaccgeggegagg
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Forward 5'-3’ and

Single Nucleotide Nucleotide Chromosomal Amino Acid I
. e ies s Reverse 3'-5' Polymerase
Polymorphism Substitution Position Substitution . . .
Chain Reaction Primers
LIPC gene
151800588 C>T 58723675 5/-upstream F: tctttgcttcttcgtcagetecttttgaca
R: gggggtgaaggettttctgcaccacacttt
LPA gene
rs10455872 ASG 161010118 intronic I teagacaccttgticteagaaccea
R: tgtgtttatacaggttagaggagaa
NOTCHI1 gene
1513290979 A>G 139425634 intronic F: ceageccageagigaagaaactgageccac
R: accctectggectgacctacactegggett
VDR gene
rs731236 A>G 48238757 lle3521le I tgtgtiggacaggcggtcetggatggecte
R: atcagcgeggcgtectgeaccccaggacga
1$2228570 A>G 48272895  MetiThr/Lys/Arg L 58Ca8Bgaagtectggeegeeatigectee
R: tecctgtaagaacagcaageaggecacggt
CASR gene
151042636 ASG 122003769 Arg990Gly F: gatgagecteagaagaacgeeatggeecac
R: ggaattctacgcaccagaactccctggagg
OPG gene
153134069 ASC 119964988 5/ -upstream F: ggagcttectacgegetgaacttctggagt
R: gectectegaggtctttccactagectcaa
rs2073618 G>C 119964052 Asn3Lys F: gggacttaccacgagegcgeageacageaa
R: ttgttcattgtggtccccggaaacctcagg
1s3102735 T>C 119965070 5/-upstream F: ctttgctctagggticgetgicteececat
R: aattccctggtctagaagttagacttgatg
CALCR gene
rs1801197 ASG 93055753 Leu481Pro F: tegecttggigiiggetggticaticete
R: gctectgatggeagatgtaaattgggatgt
F2 gene
11799963 G>A 46761055 3-UTR F gtcccaataaaagtgactetcage
R: agcctcaatgctcccagtgctattc
F5 gene
156025 T>C 169519049 GIn534Arg F: ttacttcaaggacaaaatacctgtattect
R: gectgtecagggatctgetettacagatta
156027 T>C 169483561 Asp2222Gly F: gggtttttgaatgttcaattctagtaaata
R: cacagccaaagagttccaggcgaagtgcaa
F7 gene
156046 G>A 113773159 Argdl2GIn/Pro/Leu .- 2cabigBaggcecacatgecacceactace
R: gggcacgtggtacctgacgggcatcgtcag
F13A1 gene
rs5985 C>A 6318795 Val35Leu F: taccttgeaggtigacgccccggggeacca
R: gccctgaagctecactgtgggcaggteate
ITGB3 gene
1s5918 e 45360730 Leu59Pro F: tttgggctcctgacttacaggecctgecte

R: gggctcacctegetgtgacctgaaggagaa
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4.3. Statistical Analysis

The statistical analysis was performed as in [22-24] using the SNPStats software [25]. To further
define independent predictors of severe bioprosthetic mitral valve calcification, we carried out stepwise
logistic regression with the plotting of the ROC curve and area under the curve.
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