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Abstract
The objectives were to determine whether single-nucleotide polymorphisms (SNPs) in KCNN3 (encodes the small conductance
calcium-activated potassium channel subfamily N, member 3), associate with preterm birth (PTB). In all, 602 preterm families with
at least 1 preterm (<37 weeks gestation) infant were studied: DNA from the infant and one or both parents were genotyped for
16 SNPs in KCNN3. A region of interest within KCNN3 was sequenced in 512 Caucasian non-Hispanic mothers (412 with preterm
deliveries;100 who delivered at term). Family-based association testing was used for genotyping analysis; Fisher exact test was
used for sequencing analysis. Six SNPs (rs1218585, rs4845396, rs12058931, rs1218568, rs6426985, and rs4845394) were asso-
ciated with PTB (all Ps < .05). These variations were all located within the intronic region between exons 1 and 2. Maternal
sequencing revealed an association of 3 SNPs with spontaneous PTB; rs1218585 (P ¼ .007), rs1218584 (P ¼ .05), and a novel
SNP at chromosome1:153099353 (P ¼ .02). Polymorphisms in KCNN3 are associated with PTB and investigation into the func-
tional significance of these allelic changes is warranted.
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Introduction

Preterm birth (PTB) is the leading cause of neonatal morbidity

and mortality in the United States and affects over 12% of

deliveries annually. The mechanisms underlying prematurity

are complex, and these etiologies are often classified into

4 broad categories: (1) uterine distension, (2) decidual

hemorrhage, (3) inflammation, and (4) activation of the mater-

nal–fetal hypothalamic pituitary axis.1 The overlap of these

categories leads to complexities in investigating the causal

pathways of PTB. Genetic factors can affect all of these pro-

cesses, contributing to the complex gene�environment interac-

tions leading to prematurity. Based on twin studies, up to 40%
of PTB is estimated to have a genetic component, with mater-

nal effects thought to be more significant than fetal.2 Addi-

tional familial associations of PTB suggest that there is much

yet to be learned regarding the genetics of PTB.

Alterations in ion channel expression and regulation are crit-

ical to maintaining uterine quiescence during early gestation

and lead to increases in uterine excitability at the time of

labor.3,4 Myometrial Kþ channel activity is particularly impor-

tant to maintaining uterine relaxation until full-term gesta-

tion.5-7 Potassium efflux from myometrial cells results in

membrane repolarization and this efflux is the primary ionic

current responsible for maintaining the resting membrane

potential. In myometrial smooth muscle cells, changes in

the expression or activity of Kþ channels can translate into

an inadequate repolarization leading to aberrant uterine activ-

ity. Thus, Kþ channel alterations may contribute to certain
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pathophysiological conditions such as preterm labor and post-

term labor. Various Kþ channel families have been investi-

gated in this context, although recent studies on the small

conductance calcium-activated Kþ (SK) channel family sug-

gest that further research efforts should be directed toward

these channels.8

One member of the SK channel family has been found to

have a unique, and particularly relevant, labor phenotype in a

mouse model of SK dysfunction. During normal gestation, the

SK3 channel (encoded by the KCNN3 gene) is downregulated

from mid-to-late gestation.8 Mice overexpressing the SK3

channel were discovered to have weakened uterine contractility

and therefore defective or delayed parturition.9 Therefore, the

downregulation of the SK3 channel is thought to be essential

for normal delivery in the mouse. Although research investigat-

ing the regulation of the SK3 channel during human gestation

has been limited, the available evidence similarly indicates that

SK3 expression is lower in the pregnant, compared to the non-

pregnant, human myometrium as well.10

Investigations into genetic aberrations capable of altering

myometrial contractility and relaxation are lacking in the field

of PTB. Given the recent increase in attention to the SK channel

family in relation to parturition, the KCNN3 gene was a logical

candidate to investigate for an influence on PTB in humans. The

unique labor phenotype in the overexpressing mouse led us to

believe that premature downregulation of SK3 activity could

lead to an excitable, contractile uterus. In this study, our goal was

to determine whether single-nucleotide polymorphisms (SNPs)

in the KCNN3 gene are associated with PTB in humans.

Materials and Methods

This study was carried out in 2 phases. The first involved gen-

otyping 602 preterm families with at least 1 preterm infant and

with DNA available for 1 or both parents for 16 known SNPs

located within the KCNN3 gene. The second involved sequen-

cing both maternal case and control DNA to identify novel

SNPs in areas of interest within the KCNN3 gene.

Sample Population

In the genotyping phase of the analysis, a total of 602 preterm

families were genotyped where one or both of parents were

included. Blood or buccal swabs from infants admitted to the

Neonatal Intensive Care Unit at the University of Iowa and

their parent/parents were collected and banked for use in

genetic studies investigating diseases of the infant (IRB

199911068). Preterm birth was defined as a delivery occurring

prior to 37 weeks gestation, based on best obstetrical estimate

(last menstrual period or ultrasound). Spontaneous PTBs were

defined by a natural (not induced) onset of contractions or pre-

mature rupture of membranes.

For the sequencing phase of the analysis, a total of 512 Cau-

casian non-Hispanic mothers were included. This included 412

cases (preterm delivery prior to 37 weeks, 0 days gestation) and

100 controls (delivery on or after 37 weeks, 0 days gestation).

In addition to maternal samples from Iowa (405 mothers),

maternal samples from collaborating sites (Wake Forest Uni-

versity, Winston-Salem, North Carolina [47 mothers]; Univer-

sity of Rochester, Rochester, New York [22 mothers];

University of Pittsburgh and Magee Womens Hospital,

Pittsburgh, Pennsylvania [38 mothers]) were sequenced in accor-

dance with the multicenter project protocol (IRB 200506792).

DNA Processing, Genotyping, and Sequencing

Infant DNA was extracted from umbilical cord blood; parental

DNA was obtained from either venous blood or buccal swabs.

Allelic variation was determined using the TaqMan genotyping

system (Applied Biosystems, Foster City, California). Geno-

typing reactions were completed in 384-well plates containing

dried sample DNA. Polymerase chain reactions (PCRs) were

performed on an ABI GeneAmp9700 thermocycler using con-

ditions set by the manufacturer. Allelic determination was car-

ried out on an ABI 7900HT using the Sequence Detection

Systems software (version 2.2, Applied Biosystems). Genotype

data were uploaded into a Progeny database (Progeny Soft-

ware, LLC, South Bend, Indiana) containing demographic and

clinical information for subsequent statistical analysis. Com-

mercial sequencing was completed (Functional Biosciences,

Inc, Madison, Wisconsin) for specified regions of the KCNN3

gene. Primer sequences are available upon request.

Single-Nucleotide Polymorphism Selection

Single-nucleotide polymorphisms were chosen to maximize

the coverage of the KCNN3 gene, based on linkage disequili-

brium data available from the International HapMap Project

(www.hapmap.org). Selection was biased toward either the

functionality or the conservation of the particular SNP.

A minor allele frequency of 0.10 was chosen as a lower cutoff

for a SNP to ensure than an adequate number of individuals

within the population would be carriers of the minor allele.

A complete list of the selected SNPs, along with their dbSNP

identification (‘‘rs’’) numbers, chromosome 1 base pair loca-

tion, and minor allele frequency can be found in Table 1.

Statistical Analyses

The genotyping data for all SNPs were assessed using the Ped-

Check program to check for any departures from Mendelian

inheritance patterns. Alleles at each marker were tested for

an association with PTB with the infant as the risk case, using

the Family-Based Association Test (FBAT).11-13 Preterm

deliveries at various gestational ages (early [22-27 weeks;

n¼ 130 families], middle [28-33 weeks; n¼ 302 families], and

late [34-36 weeks; n ¼ 217 families]) were analyzed in sub-

groups to determine whether the associations uncovered were

dependent on gestational age. Preterm delivery was also subdi-

vided into spontaneous and nonspontaneous labor to determine

whether associations were impacted by the type of labor. Addi-

tionally, when appropriate, haplotype FBAT (HBAT) analyses
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were performed for sliding windows of 2, 3, and 4 SNPs across

the gene to evaluate for regional associations to prematurity.

Haplotypes with a minor allele frequency of <0.05 were not

considered. Case�control analysis using Fisher exact test was

used for maternal sequencing results, with the mother as the

risk case. Preterm deliveries at various gestational ages (early

[22-27 weeks; n ¼ 84 infants], middle [28-33 weeks; n ¼
171 infants], and late [34-36 weeks; n ¼ 155 infants]) were also

evaluated. In addition, preterm delivery was subdivided into

spontaneous (n ¼ 320 infants) and nonspontaneous (92 infants).

Simple statistical significance was used at an a of .05; however,

none of the SNPs passed multiple testing corrections. Hardy-

Weinberg Equilibrium (HWE) was evaluated for each marker

using Fisher exact tests. Hardy-Weinberg Equilibrium using

Fisher exact tests was determined in cases and controls for each

SNP. Haplotype analysis using sliding windows of 2, 3, and 4

SNPs across the region was used to evaluate associations with

prematurity. For sequencing analyses, haplotypes were consid-

ered regardless of minor allele frequency. Case�control analy-

ses were performed in PLINK (http://pngu.mgh.harvard.edu/

purcell/plink/).14

Results

Initial FBAT analysis of the genotyping data revealed that 6

SNPs of the KCNN3 gene appeared to be associated with PTB

(Table 2). Two types of analyses were completed: 1 for all pre-

term deliveries and another subdivided by type of preterm labor

either spontaneous or nonspontaneous. In all, 3 SNPs

(rs1218568, rs12058931, and rs1218585) were positively asso-

ciated with preterm delivery and 4 SNPs (rs4845394,

rs6426985, rs12058931, and rs4845396) were positively asso-

ciated with spontaneous preterm delivery, while none associ-

ated with nonspontaneous delivery (Table 2).

Haplotype analysis of the genotyped SNPs was then per-

formed to examine whether combinations of alleles might be

associated with PTB. In this analysis, the presence of G, A,

C, and G alleles at rs6426985, rs1218568, rs12058931, and

rs4845396, respectively, was associated with PTB (P ¼
.0005; Figure 1). Several other SNP windows in this region are

associated with PTB, both based on the global P value for the

haplotype window and the haplotype P value, which reflects

specific allelic combinations in the region. Additional haplo-

type associations were associated with both nonspontaneous

and spontaneous PTB, but they did not reach the level of signif-

icance of that shown in Figure 1 and were not pursued further in

this study. Data for haplotype analysis of infants affected by

spontaneous PTB were similar to those shown in Figure 1.

Because etiologies of PTB vary based on gestational age

at delivery, we analyzed the initial FBAT results in 3 gesta-

tional age groupings, early (less than 28 weeks), middle

(28-33 weeks), and late (34-36 weeks). Two SNPs of interest

in the overall FBAT analysis, rs12058931 and rs1218585,

seem to be more closely associated with the middle and early

gestational age groupings, respectively (Figure 2). In the

early preterm group, rs883319 had an association with PTB

as well. Haplotype analysis of the genotyped SNPs was also

performed across the gestational groupings. Haplotype analy-

sis determines whether there is an association of adjacent

SNPs, and therefore a region of the gene, with the trait of

interest (PTB). The largest region of highest association with

preterm delivery in the middle gestation grouping was the

same region of SNPs that is shown in Figure 2, with several

global and haplotype P values of less than .05 across 2, 3,

Table 2. Genotyping Family-Based Association Test (FBAT) Analysis
for Association of SNPs in the KCNN3 Gene With Preterm (All),
Spontaneous Preterm (Spontaneous), and Nonspontaneous (Pre-
term) Births

SNP

#
Informative

Families (All)
P Value

(All)
P Value

(Spontaneous)
P Value (Non
spontaneous)

rs10128027 174 .307 .753 .261
rs11264254 191 .685 .411 .644
rs1051614 203 .292 1.000 .107
rs883319 210 .084 .230 .233
rs11584635 145 .452 .644 .377
rs1218602 101 .508 .680 .414
rs1218553 112 .596 .443 .714
rs4845394 227 .293 .039 .267
rs6426985 178 .072 .028 .918
rs1218568 158 .049 .065 .433
rs12058931 142 .020 .033 .286
rs4845396 212 .205 .027 .609
rs1218585 141 .026 .134 .072
rs6699080 238 .685 .174 .219
rs6683557 186 .813 .756 .458
rs4845680 195 .685 .651 .927

Abbreviations: FBAT, family-based association test; SNP, single nucleotide
polymorphism.
Shaded Areas Correspond to P Values � .05.

Table 1. Single-Nucleotide Polymorphisms (SNPs) Within KCNN3
That Were Selected for Genotyping

SNP Chr 1 Location MAF

rs10128027 152958069 0.34
rs11264254 152981386 0.38
rs1051614 153011431 0.42
rs883319 153024796 0.21
rs11584635 153027589 0.26
rs1218602 153057696 0.26
rs1218553 153065251 0.32
rs4845394 153074661 0.43
rs6426985 153080243 0.40
rs1218568 153083632 0.45
rs12058931 153091717 0.25
rs4845396 153094783 0.49
rs1218585 153099285 0.20
rs6699080 153101285 0.40
rs6683557 153118931 0.47
rs4845680 153129819 0.46

Abbreviations: MAF, minor allele frequency.
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and 4 SNP windows (Figure 3). A smaller region of associ-

ation was identified in the late gestational age group, how-

ever this did not reach the significance levels seen with the

middle gestational age group. There were no associations in

the early gestational age group.

In the second phase of the study, genomic sequencing was

performed in the region of rs1218585 on Caucasian maternal

DNA samples from the 412 cases and 100 controls. Sequen-

cing results for this region are reported for 6 known SNPs

and 2 novel SNPs (at base pair locations of 153099353 and

153099683 on chromosome 1). The A allele at novel site

153099353 was associated with both PTB (P ¼ .03) and

spontaneous PTB (P ¼ .02; Table 3). Genotypic association

at rs1218585 was identified with PTB (P ¼ .04) and sponta-

neous PTB (P ¼ .007). Genotypic association at rs1218584

was also identified with spontaneous PTB (P ¼ .05). None

of these sequenced SNPs were associated with nonsponta-

neous PTB.

Haplotype analysis was performed on the sequencing data

results, to determine whether neighboring allelic combinations

were associated with prematurity. Several adjacent SNPs in this

region have an association with spontaneous PTB (Figure 4).

Specifically, the inheritance of a G and T allele at novel SNP

site 153099353 and novel SNP site 153099683, respectively,

appears to be associated with spontaneous PTB (P ¼ .008;

Figure 4). The results were similar when the total preterm

delivery group was analyzed. No haplotype associations were

found in the nonspontaneous group.

Sequencing results were also analyzed based on gestational

age, using the early, middle, and late groupings described

above. Figure 5 shows that both rs1218585 and novel SNP at

position 153099353 are associated with late PTB. Other

sequenced SNPs were associated with late PTB when gesta-

tional age was considered (Table 4). Further haplotype analysis

revealed significant regions in late spontaneous PTB; however

the small sample sizes make interpretation difficult.

Discussion

Investigating the mechanisms underlying PTB are challenging

for several reasons. Although defining a birth as preterm is rel-

atively straightforward in most clinical cases, the overlap in

etiologies makes it virtually impossible to identify a single

underlying mechanism. The final common pathway of the

etiologies leading to preterm contractions is the override of the

mechanisms that maintain uterine quiescence. Potassium chan-

nels within the myometrium are known to be the major media-

tors of uterine relaxation.5 Transgenic mice overexpressing

SK3 channels have compromised parturition.15 This is likely

a result of the hyperpolarizing potential of the SK3 channel,

which maintains the myometrial cells in a hypoexcitable state.

Overexpression of the hyperpolarizing SK3 channel in mice
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Figure 1. Haplotype family-based association test (HBAT) analysis for association of SNPs in the KCNN3 gene with preterm birth. Global
P values refer to an overall association of the single-nucleotide polymorphisms (SNPs) in the window with PTB. Specific allele combinations
yielding a haplotype P value of .01 or less are shaded gray, and P values are indicated by ‘‘Hap p.’’ Global p ¼ Overall P value for association
between PTB and the indicated haplotype window. Hap p (assoc) ¼ P value for association between PTB and a specific haplotye composed
of the alleles indicated in the bars. SNPs indicate single nucleotide polymorphisms; PTB, preterm birth.
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results in attenuated myometrial contractions leading to inef-

ficient labor.9,16 Based on this mouse studies, we sought to

determine whether the converse is true whereby polymorph-

isms in this channel would associate with PTB. Downregula-

tion of the SK3 channel occurs with advancing gestation in

the mouse model of parturition and also in humans.9,17

Therefore, we chose to investigate the genetics of the SK3

channel (encoded by the KCNN3 gene) in relation to PTB

in humans.

We began our investigation by selecting representative

SNPs throughout the KCNN3 gene. Initially, 10 SNPs were

genotyped; subsequently 6 additional SNPs were added to

fine-map the gene. Of these 16 SNPs, 6 were associated with

preterm or spontaneous PTB, at a level of P < .05. All of these

SNPs were located in the intronic region between exons 1 and 2.

Additional haplotype analysis was used to verify that combina-

tions of neighboring SNPs (and therefore regions of the gene)

that were also associated with prematurity. These supporting

results led us to investigate the large 47 kb region between

exons 1 and 2 more closely.

While none of the SNPs of interest from our genotyping

analysis are located in exons, we found that rs1218585 is

located between 2 regions of the KCNN3 gene that are highly

conserved among mammalian species. One of these regions

(but not the same SNP) has recently been identified by

genome-wide association studies to associate with lone atrial

fibrillation.18 This highly conserved region corresponds to a

unique promoter and alternate exon 1c, which encodes an alter-

native isoform of the channel. A study describes this isoform as

a dominant-negative suppressor of the native (1a) form of the

SK3 channel.19 Its inhibitory action is believed to occur by

sequestering the native SK3 channel intracellularly, thereby

decreasing its activity at the cell surface. The discovery of this

alternate (inhibitory) isoform of the channel fits with our

hypothesis of an association between KCNN3 and prematurity.

Given that downregulation of the channel is important for labor

Figure 2. Graphic representation of results of the family-based association test (FBAT) for association of single-nucleotide polymorphisms
(SNPs) with preterm birth, according to gestational age. Early ¼ 22 to 27 weeks gestation, middle ¼ 28 to 33 weeks gestation, late ¼ 34 to
36 weeks gestation.
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to occur,9,17 premature inhibition of the native SK3 channel

could lead to preterm uterine excitability and contractions.

We next sequenced the 1400-bp region of the KCNN3 gene,

which surrounds exon 1c and SNP rs1218585 in mothers with

preterm deliveries and in mothers who delivered at term, and

compared the results. We chose to use maternal DNA for

sequencing, as we suspected that SK3 downregulation in the

mother, rather than the fetus, was physiologically relevant to

the timing of birth. Sequencing results were obtained for

6 known SNPs and 2 novel SNPs in this region. Again, we

found that rs1218585 is associated with spontaneous PTB, as

is rs1218584 and the novel SNP at 153099353. The minor

allele frequency of this novel SNP was 0.05. Due to the low

prevalence of the heterozygous (AG) and homozygous reces-

sive (AA) genotypes, there was concern that the presence of

this mutation in a small number of families was potentially

skewing the data. We excluded this possibility by verifying that

the individuals of these genotypes were not clustered but rather

spread across several unrelated families.

Haplotype analysis was also performed on our sequencing

results to establish whether neighboring SNPs are associated

with prematurity. Several allelic combinations in the sequenced

region were associated with spontaneous PTB, with a P value of

less than .05. This observation also supports the individual SNP

sequencing data suggesting that sequence alterations in this

region of the KCNN3 gene are associated with PTB in humans.

Because the etiology of PTB varies according to gestational

age at delivery, we analyzed our results across 3 gestational age

groupings: early (less than 28 weeks), middle (28-33 weeks),

and late (34-36 weeks). These subdivisions correspond to com-

monly used gestational age groupings, with our early group

often regarded as ‘‘extreme or very-early PTB’’ and our late

group considered ‘‘late preterm birth.’’ Our genotyping data

suggest that rs1218585 is associated with early PTB, yet our

sequencing data suggest that rs1218585 is associated with late

PTB. Superficially, these results may appear contradictory.

However, the genotyping data were analyzed by FBAT, in

which the underlying assumption is that the infant is the

‘‘affected’’ individual. The sequencing data, in contrast, were

generated from maternal DNA; this approach assumes that the

mother is the ‘‘affected’’ individual contributing to the PTB.

The sequencing (maternal) association of rs1218585 with late

PTB fits the general assumption that myometrial stretch phe-

nomena typically are a factor related to late PTB. We can only

speculate that it is the complexity of the fetal–maternal gene
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Figure 3. Haplotype family-based association test (HBAT) analysis for association of single-nucleotide polymorphisms (SNPs) in the KCNN3
gene with preterm birth in the middle gestational age range (between 28 and 33 weeks gestation). Global P values refer to an overall association
of the SNPs in the window with preterm birth. Specific allele combinations yielding a haplotype P value (Hap-p) of .01 or less are shaded gray.
Global p ¼ Overall P value for association between PTB and the indicated haplotype window. Hap p (assoc) ¼ P value for association between
PTB and a specific haplotye composed of the alleles indicated in the bars.

Table 3. Genotype Sequencing Case�Control Analysis for Associa-
tion of SNPs in the KCNN3 Gene With Preterm Birth (All), Sponta-
neous Preterm Birth (Spontaneous), and Nonspontaneous Birtha

SNP All preterm Spontaneous Nonspontaneous

rs1218587 0.35 0.18 0.37
rs1061122 0.15 0.04 0.31
rs4845397 0.90 0.57 0.31
rs1218586b 0.26 0.47 0.23
rs1218585b 0.04 0.007 0.62
novel 153099353 0.11 (A 0.03) 0.07 (A 0.02) 0.67
novel 153099683 0.47 0.49 0.45
rs1218584 0.10 0.05 0.14

Abbreviations: HWE, Hardy-Weinberg equilibrium; SNP, single nucleotide
polymorphism.
a Values are listed as global associations of the SNP with preterm birth. Specific
allelic associations are listed in parentheses when they are statistically
significant.
b rs1218586 deviates from HWE in controls (P ¼ .002) and rs1218585 deviates
from HWE in cases (P ¼ .04).
Shaded Areas Correspond to P Values � .05.
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interplay that would suggest a fetal association of rs1218585

with early PTB.

The complex genetics of PTB are another challenge in

investigating this phenotype. Heritability studies suggest that

both maternal and fetal components are important in establish-

ing gestational age at delivery.2,20 Identifying whether it is the

maternal genotype itself or the maternal contribution to the

fetal genotype that determines prematurity is inherently diffi-

cult. However, unique maternal and fetal contributions to the

timing of delivery could also explain the difference in our gen-

otyping and sequencing results with regard to the influence of

gestational age. Aberrant myometrial stretch, as seen in multi-

ple gestations, is usually thought of as contributing to late PTB.

Although several signal transduction pathways are activated in

response to myometrial stretch during pregnancy, the down-

stream effectors have not been fully elucidated.21-24 Both in

vivo and in vitro studies have shown that stretch of myometrial

tissue during pregnancy leads to the stimulation of both labor-

associated proteins (eg, cyclooxygenase 2 [COX-2]) and recep-

tors for prostaglandin and oxytocin.24-26 Another protein class

that can be influenced by stretch is ion channels.27 In theory,

premature downregulation of myometrial SK3 activity via

encoding a nonfunctional isoform of the channel (as is sus-

pected with this SNP) could be a phenomenon that contributes

to PTB at late gestational ages.

One drawback of this study is that our population was of

limited diversity; most of the maternal and fetal DNA samples

were obtained at the University of Iowa, where the patient

population is predominantly Caucasian and lives in a rural

or suburban environment. Our data reflect only Caucasian

non-Hispanic women. Replication of these results in at least

one unique population would be necessary for confirmation

across races. Alternatively, one could compare these results

to those from larger, genome-wide association studies that have

evaluated the genetic associations of PTB in other populations.

We note that we do not expect to find the same associations

across all populations, as the etiologies of PTB are not identical

across diverse populations.

A notable strength of this study is that the number of indi-

viduals represented in the genotyping and sequencing analyses

is large. The benefit of a large sample size is in conflict with

the large number of analyses and subsequent observations gen-

erated. When multiple observations are identified, it becomes

difficult to achieve statistically stringent P values. Although

this point is relevant to an overall understanding of the statis-

tical analysis of the associations, our main goal in evaluating

the KCNN3 gene was to generate hypotheses that could then

be evaluated physiologically. In this regard, we clearly

achieved our goal.

One of the overwhelming strengths of this study is the use of

the abnormal labor phenotype in the mouse model of SK3 over-

expressors to guide genetic investigations in the KCNN3 gene

and PTB in humans.15 While our belief is that the SK3 channel

is modulating contractile function, this channel is widely

expressed throughout tissues that are essential for pregnancy

and parturition.28 For example, SK3 is expressed in the

hypothalamus,28 where it could alter hormone secretion,

thereby leading to compromised parturition. Oxytocin, a

2, 3 & 4 snp window Global p Hap p

rs4845397

rs1218586

rs1218585

novel 153099353

novel 153099683

rs1218584

-- -- 0.23 --
A G 0.03 0.032
G A 0.03 0.042

G T 0.03 0.008
A T 0.03 0.023

-- -- 0.18 --
T C G 0.18 0.029

C G A 0.06 0.043
C A G 0.06 0.033

G A T 0.03 0.039
A G T 0.03 0.041

-- -- -- 0.06 --
C C G A 0.007 0.04
T C A G 0.007 0.015

C A G T 0.07 0.04
A G T G 0.03 0.018
G A T C 0.03 0.031

Figure 4. Haplotype case�control analysis (Fisher exact test) for association of single-nucleotide polymorphisms (SNPs) in the KCNN3 gene
with spontaneous preterm birth. Global P values refer to an overall association of the SNPs in the window with spontaneous preterm birth.
Specific allele combinations yielding a haplotype P value (Hap-p) of .01 or less are shaded gray. Global p¼Overall P value for association between
PTB and the indicated haplotype window. Hap p (assoc) ¼ P value for association between PTB and a specific haplotye composed of the alleles
indicated in the bars.
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hormone that stimulates uterine contractions during labor,29 is

released from neurons in the supraoptic nucleus, a region that

contains both neurons and astrocytes that express SK3 chan-

nels.30 Regardless, this study bridges the physiologic mechan-

isms with an analysis of genetic inheritance, in addition to

connecting the human and mouse models of parturition. These

collaborative, multidisciplinary efforts are essential to advan-

cing our knowledge of PTB.

A logical step in the investigation of the role of SK3 in the

timing of parturition would be to investigate the alterations in

physiologic mechanisms that occur by these genetic alterations.

This would include seeking to identify potential gene regula-

tory elements—whether at the level of promoter, splicing, or

transcription—that may be located in this region. Ultimately,

it will be necessary to undertake functional studies to evaluate

whether the alternate SK3-1c isoform is important in regulating

uterine excitability.

Figure 5. Sequencing results for the case�control analysis of the association of single-nucleotide polymorphisms (SNPs) in the
KCNN3 gene with preterm birth, according to gestational age. Early ¼ 22 to 27 weeks, middle ¼ 28 to 33 weeks, late ¼ 34 to 36 weeks
gestation.

Table 4. Genotype Sequencing Case�Control Analysis for Associa-
tion of SNPs in the KCNN3 Gene With Late, Middle, and Early Gesta-
tional Age Spontaneous Preterm Birth

SNP Early Middle Late

rs1218587 0.62 0.33 0.21
rs1061122 0.16 0.21 0.05
rs4845397 0.71 0.80 0.40
rs1218586a 0.20 0.86 0.63
rs1218585a 0.31 0.09 0.004
novel 153099353 0.12 0.27 0.02 (A 0.008)
novel 153099683 1.00 0.09 0.61
rs1218584 0.31 0.14 0.07

Abbreviations: HWE, Hardy-Weinberg equilibrium; SNP, single nucleotide
polymorphism.
a rs1218586 deviates from HWE in controls (P¼ .002) and rs1218585 deviates
from HWE in cases (P ¼ .04).
Shaded Areas Correspond to P Values � .05.
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Author’s Note

This study was conducted at the University of Iowa.
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