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Abstract 

Objectives  To evaluate the association between a KCNQ1 mutation, R259H, and short QT syndrome (SQTS) and to explore the elec-
trophysiological mechanisms underlying their association. Methods  We performed genetic screening of SQTS genes in 25 probands and 
their family members (63 patients). We used direct sequencing to screen the exons and intron-exon boundaries of candidate genes that en-
code ion channels which contribute to the repolarization of the ventricular action potential, including KCNQ1, KCNH2, KCNE1, KCNE2, 
KCNJ2, CACNA1c, CACNB2b and CACNA2D1. In one of the 25 SQTS probands screened, we discovered a KCNQ1 mutation, R259H. 
We cloned R259H and transiently expressed it in HEK-293 cells; then, currents were recorded using whole cell patch clamp techniques. 
Results  R259H-KCNQ1 showed significantly increased current density, which was approximately 3-fold larger than that of wild type (WT) 
after a depolarizing pulse at 1 s. The steady state voltage dependence of the activation and inactivation did not show significant differences 
between the WT and R259H mutation (P > 0.05), whereas the time constant of deactivation was markedly prolonged in the mutant compared 
with the WT in terms of the test potentials, which indicated that the deactivation of R259H was markedly slower than that of the WT. These 
results suggested that the R259H mutation can effectively increase the slowly activated delayed rectifier potassium current (IKs) in phase 3 of 
the cardiac action potential, which may be an infrequent cause of QT interval shortening. Conclusions  R259H is a gain-of-function muta-
tion of the KCNQ1 channel that is responsible for SQTS2. This is the first time that the R259H mutation was detected in Chinese people. 
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1  Introduction  

Short QT Syndrome (SQTS) was originally defined in 
2000 by markedly shortened QT intervals, poor rate adapta-
tion of the QT interval, shortened ventricular and atrial re-
fractory periods and atrial/ventricular arrhythmias, and it 
causes sudden cardiac death (SCD) in affected patients.[1] 
Although the risk of SCD has been reported to be high, the 
mechanisms underlying the disease are not well understood 
because of the small number of cases identified.[2] Candidate 
gene screening has revealed that the variants of the potas- 
sium channel coding gene, KCNQ1 (also called KvLQT1 or 
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Kv7.1), were closely associated with SQTS2.[3] Chen, et al.[4] 
first reported the S140G gain-of-function mutation in 
KCNQ1 in familial atrial fibrillation without a QT abnor-
mality. Then, additional gain-of-function mutations, includ-
ing the V141M, S209P, V307L and Q147R mutations, were 
gradually proposed, of which the V141M and V307L muta-
tions were considered to be highly associated with SQTS.[5−7] 
Recently, the R259H variant was identified in SQTS pa-
tients by Mazzanti, et al.[8] Here, we present data of 63 Chi-
nese SQTS patients and characterize the R259H variant. 

2  Methods 

2.1  Subjects and sample collection 

Electrocardiogram (ECG), echocardiogram, Holter re-
cording and exercise stress testing were performed in the 
probands of SQTS and their family members. We studied 
63 patients (25 probands and 38 family members) with a 
QTc interval ≤ 350 ms with or without a history of cardiac 
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arrest, or SCD. We performed genetic screening of SQTS 
genes in 25 families (63 patients). The blood samples were 
collected from all probands and their family members for 
genome-wide DNA analysis. Written informed consent was 
obtained from each participant. The study protocol was ap-
proved by the Chinese PLA General Hospital Ethical 
Committee. 

2.2  Genetic analysis 

We used direct sequencing to screen the exons and in-
tron-exon boundaries of candidate genes that encode ion 
channels that contribute to the repolarization of the ven-
tricular action potential, including KCNQ1, KCNH2, 
KCNE1, KCNE2, KCNJ2, CACNA1c, CACNB2b and 
CACNA2D1. All of the gene mutations were identified 
using standard genetic tests, as previously reported.[9] Muta-
tion screening was performed on genomic DNA that was 
extracted from peripheral blood lymphocytes using standard 
techniques. The entire KCNQ1 coding region was analyzed 
using PCR-DNA sequencing to screen the mutations. DNA 
sequence variation was validated by sequencing two inde-
pendent PCR products and secondarily by primer-induced 
restriction enzyme digestion. 

2.3  Transfection in HEK-293 cells 

Wild type (WT) and the R259H mutation of KCNQ1 
cDNAs were cloned in the eukaryotic expression vector 
pcDNA3.1. The analysis of KCNQ1 expression and local-
ization was conducted in human embryonic kidney (HEK) 
293 cells after transient transfection (48−72 h). The 
HEK-293 cells were cultured in minimal essential medium 
(MEM; Gibco BRL, USA) containing 10% heat inactivated 
fetal bovine serum (FBS; Gibco BRL, USA), 100 μg/mL 
penicillin and 100 μg/mL streptomycin (complete media) at 
37°C in a humidified atmosphere containing 5% CO2. The α 
(KCNQ1) subunit and β (KCNE1) subunit co-assembled 
into the slowly activating delayed rectifier potassium chan-
nel (IKs). Transient transfection of the KCNQ1 channel 
cDNA (WT or R259H plasmid pcDNA3.1, 0.6 µg) and 
KCNE1 (pcDNA3.1, 0.6 µg) into the cultured cells was 
performed using Lipofectamine 2000 (Life Technologies, 
USA) following the manufacturer’s instructions. CD8 
cDNA was co-transfected to be used as a reporter gene 
(EBo-pCD vector, American Type Culture Collection, 
USA). CD8-positive cells were identified using Dynabeads 
(Dynal, M-450 CD8), and the cells were harvested 48−72 h 
after transfection.  

2.4  Patch clamp experiments 

The HEK-293 cells were bathed in a solution containing 

(in mmol/L) NaCl 140, KCl 4, CaCl2 2, MgCl2 1, HEPES 
10 and glucose 5, adjusted to pH 7.4 with NaOH. Current 
was recorded using a whole cell patch-clamp technique with 
a MultiClamp 700B amplifier (Axon Instruments, USA). 
All signals were acquired at 5 kHz (Digidata 1322A, Axon 
Instruments, USA). Patch pipettes were pulled from boro-
silicate glass on a P-97 horizontal puller (Sutter Instruments, 
USA). The electrodes had a resistance of 2−3 MΩ. 

For recording the K+ currents, pipettes were filled with 
the following (in mmol/L): KAsp 140, EGTA 10, MgATP 4, 
MgCl2 1, HEPES 10, adjusted to pH 7.3 with KOH. The 
HEK-293 cells were superfused with solution containing the 
following (in mmol/L): NaCl 140, CaCl2 1, MgCl2 1, KCl 4, 
HEPES 10, and glucose 5, adjusted to pH 7.4 with NaOH. 
To ensure reproducibility, after the whole-cell conditions 
were established by rupturing the cell membrane, we al-
lowed a dialysis period of 4 min before beginning the 
measurements of any of the control records. During the di-
alysis period, we monitored the current-voltage relation-
ships to ensure stability and consistency in the recordings. 
The holding potential was −80 mV, and the inter-pulse in-
terval was at least 15 s. A routine series resistance compen-
sation was performed for values > 80% to minimize voltage 
clamp errors. The membrane capacitance was measured on 
each of the cells, and it was compensated by approximately 
80%−90% of their initial value. Currents were elicited every 
25 s by stepping the membrane to a test potential between 
−120 mV and +80 mV in 10 mV increments. Current densi-
ties were calculated as current (pA) divided by cell capaci-
tance (pF). Tail current was recorded at −40 mV and −120 
mV for 3 s each. Voltage activation data were plotted as the 
peak and tail current amplitudes and were normalized to the 
maximal value against the test potential values and fitted to 
a Boltzmann distribution. The activation curves were de-
rived from the current values during a repolarization step to 
−120 mV after a series of 1.5 s depolarizations. Steady-state 
activation and inactivation of the current was induced by 
voltage steps between −80 mV and +60 mV for 2 s, follow-
ing a test pulse of +60 mV for 2 s from a holding potential 
of −120 mV. The deactivation of current was induced by a 
condition pulse of +60 mV for 3 s from a holding potential 
of −80 mV, following test pulses from −140 mV to −20 mV 
for 5 s with 20 mV steps. The time course of the deactiva-
tion was fitted by a single exponential function. 

2.5  Western blotting 

The HEK-293 cells were lysed in RIPA lysis buffer sup-
plemented with 1 mmol/L phenylmethyl sulfonyl fluoride 
(PMSF, Amresco, USA) after transient transfection (48 h). 
Proteins were boiled at 100°C for 5 min in loading buffer. 
After the proteins were transferred to polyvinylidene di-
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fluoride membranes, the membranes were blocked with 5% 
milk and incubated overnight with a primary antibody 
against KCNQ1 at a density of 5 µg/mL (Abcam, USA). 
The secondary antibody was rabbit anti-mouse IgG (Abcam, 
USA) at 1: 3,000 for 60 min at room temperature. Detection 
was performed using the ECL Plus kit following the manu-
facturer’s instructions (Amersham Pharmacia). 

2.6  Data analysis 

Off-line leak correction was performed on all amplitude 
data. Data were presented as mean ± SE, with N representing 
the number of cells analyzed. The pCLAMP version 9.2 (Axon 
Instruments, USA) and Origin (Microcal Software) software 
were used for the data analysis. P < 0.05 was considered 
statistically significant according to Student’s t-test analysis. 

3  Results 

3.1  Clinical features and mutation analysis 

In our study, the third SQTS2 gene mutation, R259H, 
was implicated in the shortening of the QT interval. Of the 

25 probands and 38 family members who were referred to 
our center with a QTc interval ≤ 350ms and a history of 
cardiac arrest or SCD, a 20-year-old proband (Ⅲ-1) was 
found to be genopositive, who exhibited aborted cardiac 
arrest at rest. The ECG of this proband showed a shortened 
QT/QTc interval of 290/310 ms (Figure 1 A). Later, an ICD 
was implanted, and after two years, another episode of ven-
tricular fibrillation was successfully treated by the device. 
His family was further investigated, and two generations 
and eight family members (five males and four females) 
were included in the genetic analysis (Figure 1 B). The pro-
band’s mother (II-2), who was 46 years old at the time of 
presentation, also showed a shortened QT/QTc interval of 
285/300 ms on the resting ECG and complained of previous 
episodes of paroxysmal ventricular tachycardia (PVT). The 
proband’s cousin (Ⅲ-2) suffered sudden unexpected death 
at the age of 28 years. Other family members presented 
with normal ECG and QTc duration. Further blood genetic 
screening identified a heterozygous KCNQ1 missense 
mutation with a nucleotide substitution of cytosine to 
thymine at position 259 (c.259C > T) that leads to 

 
Figure 1.  Pedigree of the short QT syndrome family. (A): ECG of the proband; (B): family investigation. The proband (denoted by the 
arrow); circles indicate female family members; squares indicate male family members; solid symbols indicate a person with a short QT 
interval; symbols with a slash indicate deceased family members. ECG: electrocardiogram; QTc: corrected QT. 
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an amino acid change from arginine to histidine (R259H). 
This applies equally to his mother (II-2) based on DNA 
sequencing. The mutation was located in the KCNQ1 gene 
regions and was confirmed upon restriction analysis (data 
not shown). The phenotype based on the R259H 
gain-of-function mutation in the KCNQ1 subunit may allow 
for the alteration of channel gating and altered functional 
KCNE modulation based on heterologous expression ex-
periments. 

3.2  Characterization of the R259H mutation on chan-
nel function 

To determine the mechanism by which the R259H muta-
tion modulates KCNQ1, reduces action potential duration, 
and shortens the QT interval, we co-expressed R259H- 
KCNQ1 with the KCNE1 channel. The functional conse-
quences of the R259H mutation and WT were characterized 
using conventional whole cell voltage clamp protocols. 
Here, we report the results of detailed investigations of this 
mutant, which indicates a novel electrophysiological me-
chanism for gain-of-function KCNQ1 mutations. 

3.2.1  Changes in the current and I-V relationship 
curve of WT-KCNQ1 and R259H-KCNQ1  

With a holding potential of −40 mV, channel activation 
was obtained using a step protocol from −120 mV to +80 
mV for 4 s. As shown in Figure 2A&C, the R259H current 
shape was a typical rectangle; Figure 2A&C also represent 

the tail currents recorded under −40 mV and −12 mV condi-
tions, respectively. The R259H-KCNQ1 peak current den-
sity was significantly increased WT: 173.2 ± 28.5 vs. 86.9 ± 
16.9 pA/pF (n = 13, P < 0.05), respectively, as shown in 
Figure 2 B and E. The R259H tail current at the holding 
potential of −40 mV was significantly larger than that of 
WT (R259H WT: 65.3 ± 8.6 pA/pF vs. 29.7 ± 8.5 pA/pF, 
respectively, n = 13, P < 0.05) as shown in Figure 2 D and E. 
Interestingly, the test potentials less than 0 mV elicited rela-
tively little WT and R259H, but when the test potentials 
exceeded 0 mV, a markedly larger R259H-KCNQ1 was ob-
served as shown in Figure 2D, which was quite different 
from those of the V307L or V141M mutants. No significant 
differences in the tail current densities were highlighted 
when the holding potential was −120 mV (R259H: −21.7 ± 
5.7 pA/pF vs. WT: −24.2 ± 4.7 pA/pF, n = 13, P > 0.05) as 
shown in Figure 2E and F. 

3.2.2  Peak current of different depolarization time 
with WT-KCNQ1 and R259H-KCNQ1 

IKs was elicited in simulated voltage-clamp experiments 
with voltage from −120 mV to +80 mV for 4 s. The mean 
currents measured 1 or 4 s after the step changes in the 
membrane voltage are compared in Figure 3 for both 
R259H-KCNQ1 and WT-KCNQ1. As shown in Figure 
3A–C, the R259H current density was approximately 3-fold 
larger than WT after a 1 s depolarizing pulse, whereas 
the difference with WT was less marked at 4 s, which 

 

Figure 2.  The current densities of WT-KCNQ1 and R259H-KCNQ1. (A): Schematic representation of the voltage-clamp protocol and 
the representative WT and R259H current traces; (B): The peak I-V relationships for IKs under WT and R259H conditions; (C): Tail current 
was recorded at −120 mV for 3000 ms; (D): The tail I-V relationships for IKs under WT and R259H conditions at a voltage of −40 mV; (E): 
The comparison of the current density of the peak and step between the WT and R259H condition under different conditions; (F): The tail 
I-V relations for IKs under WT and R259H conditions at a voltage of −120 mV. *P < 0.05. WT: wild type.  
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Figure 3.  The comparison of the current between the WT and R259H condition under the simulated time of 4 s and 1 s. (A): IKs was 
elicited in simulated voltage-clamp experiments measured 1 s into the imposed voltage commands; (B): The peak I–V relationships for IKs 
under WT and R259H conditions at the simulated time of 1 s; (C): The density of the R259H current was approximately 3-fold larger than 
WT after a 1 s depolarizing pulse; (D): IKs was elicited in simulated voltage-clamp experiments measured 4 s into the imposed voltage com-
mands; (E): The peak I–V relationships for IKs under WT and R259H conditions at the simulated time of 4 s; and (F): The density of the 
R259H current was approximately 2-fold larger than WT after a 4 s depolarizing pulse. *P < 0.05. WT: wild type. 

 
suggested that the kinetics of activation in the mutant was 
faster than that of the WT (activation time constant R259H: 
349.9 ± 16.9 ms WT: 630.1 ± 27.7 ms, P < 0.05). The dif-
ferences were less marked at 4 s of the depolarizing pulse, 
as shown in Figure 3D–F. This indicates that the kinetics of 
activation in the mutant was faster than that of the WT, 
suggesting that the R259H mutation was a gain of function 
mutation in the KCNQ1 channel and might shorten the ac-
tion potential duration and lead to a decrease in the QT in-
terval. 

3.2.3  Gating kinetics of the WT-KCNQ1 and 
R259H-KCNQ1 

Steady-state activation (SSA) and steady-state inactiva-
tion (SSI) curves were fitted using a Boltzmann distribution 
as follows: G(t)/Gmax = 1/[1 + exp (Vm – V1/2)], where V1/2 is 
the half-maximal activation/inactivation voltage, Vm is the 
test membrane potential, and k is the slope factor. As shown 
in Figure 4 A to F, we observed that the SSA and SSI did 
not exhibit significant differences between the WT and the 
R259H mutation (SSA: V1/2, WT = 15.4 ± 3.3 mV, kWT = 19.4 
± 4.2, V1/2, R259H = 13.4 ± 2.0 mV, kR259H = 18.0 ± 2.2; SSI: 
V1/2, WT = −12.1 ± 1.5 mV, kWT = 14.3 ± 1.8, V1/2, R259H = −9.0 
± 3.9 mV, kR259H = 13.1 ± 2.4; n = 13, P > 0.05). The kinet-
ics of deactivation were studied based on test potential 

pulses from −140 mV to −20 mV, whereas the time con-
stants of deactivation were determined by fitting the current 
recordings with a double exponential function. In contrast, 
the deactivation of R259H was markedly slower than 
WT-KCNQ1 deactivation, and the results were shown both 
in the current records in Figure 4G and the time constant 
plots shown in Figure 4H. The time constant of deactivation 
was slower for R259H than for WT-KCNQ1 across all 
plotted voltages (from −120 mV to −20 mV). R259H pro-
duced a prolongation of the time constant of deactivation (> 
−80 mV), which suggested a slower deactivation procedure, 
with a Tau value of 3,113.0 ± 175.0 ms in the 
R259H-KCNQ1 and 1778.4 ± 193.4 ms in the WT channel 
(n = 14, P < 0.05, shown in Figure 4I); this prolongation 
could partly explain the higher current recorded in the 
R259H mutant. 

3.2.4  Analysis of the cellular distribution 

Western blot anti-KCNQ1 was conducted after transient 
transfection in HEK-293 cells for 48 h. The expression lev-
els of the WT and R295H mutants in the HEK-293 cells are 
similar, as shown in Figure 5. This phenomenon indicates 
that the higher current recorded in the R259H mutant is the 
result of a faster activation and a slower deactivation and 
not of the change in the quantity of the channel protein. 
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Figure 4.  The steady-state activation, inactivation and deactivation of KCNQ1/KCNE1. (A): IKs was activated under WT-KCNQ1 and 
R259H-KCNQ1 conditions; (B): SSA curves are shown under WT-KCNQ1 and R259H-KCNQ1 conditions; (C): time constants of SSA 
under WT-KCNQ1 and R259H-KCNQ1 conditions; (D): representative inactivation current traces recorded from WT and R259H; (E): SSI 
curves are shown under WT-KCNQ1 and R259H-KCNQ1 conditions; (F): time constants of SSI under WT-KCNQ1 and R259H-KCNQ1 
conditions; (G): representative deactivation current traces recorded from WT and R259H; (H): time constants of deactivation under 
WT-KCNQ1 and R259H-KCNQ1 conditions; and (I): comparison of Tau value under WT-KCNQ1 and R259H-KCNQ1 conditions. *P < 
0.05. SSA: steady-state activation; SSI: steady-state inactivation; WT: wild type. 

 

Figure 5.  Analysis of the cellular distribution. Western blot 
with anti-KCNQ1 (Kv7.1) after transient transfection in HEK-293 
cells. The expression levels of the R295H mutant are similar as that 
of WT. GAPDH: glyceraldehyde-3-phosphate dehydrogenase; WT: 
wild type. 

4  Discussion 

SQTS is a rare autosomal dominant, congenital electrical 
disorder with low penetrance and is associated with typi-
cally abnormal short QT-intervals and a propensity to de-
velop potentially lethal ventricular arrhythmias.[3] It is im-
portant to supplement the paucity of data on SQTS in terms 
of its genotype-phenotype correlation, which may be useful 
for guiding risk-stratification, diagnosis and treatment of the 
disease. We have investigated the mechanism underlying 
the significant increase in IKs by the KCNQ1 R259H SQTS2 
mutant. We found that the R259H mutant interacts with the 
WT-KCNQ1 subunits and that this interaction causes a 
gain-of-function of the IKs current. This is the first study to 
report a novel SQTS2 mutant (R259H) identified in one of 
25 SQTS probands that were screened, which is the third 
mutation on this gene reported worldwide. This is also the 
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first study to show the detailed electrophysiological charac-
terization of this novel mutation.  

4.1  Function of the R259H mutant in the KCNQ1 
channel 

The familial nature and arrhythmic potential of SQTS2 
was reported only in a single sporadic patient.[10] The 
R259H mutation was identified in a sporadic severe SQTS 
case presenting with documented ventricular fibrillation and 
appropriate ICD interventions; the resting electrocardiogram 
observed a QT/QTc interval of 290/310 ms in this case. 
Then, additional experiments have been conducted to thor-
oughly investigate the mechanisms underlying how this 
mutation affects the kinetics of KCNQ1. In our research, we 
found two important electrophysiological characteristics of 
the R259H mutant. First, our results showed that the current 
shape of the R259H-KCNQ1 changed into a typical rectan-
gle compared with the WT-KCNQ1. The patch-clamp data 
revealed that the peak current density of R259H-KCNQ1 
was approximately 3-fold higher with a 1 s depolarizing 
pulse compared with that of WT-KCNQ1, and the differ-
ences were less marked at 4 s, suggesting that the activation 
kinetics of R259H-KCNQ1 was faster than that of the WT. 
Second, we found that the R259H mutant shifted the deac-
tivation of KCNQ1 towards more positive potentials, but the 
steady state voltage dependence of activation and inactiva-
tion did not show significant differences between the WT 
and the R259H mutation. All of these findings indicate that 
R259H caused a significant increase in IKs current density, 
which not only slowed the IKs current deactivation but also 
accelerated the activation kinetics, thus providing a gain of 
function mechanism. The functional increase in R259H-IKs 
may affect the action potential duration of cardiac myocytes, 
leading to the shortening of the QT interval, which in turn 
causes cardiac arrhythmias. 

4.2  The mechanism of the increased R259H-KCNQ1 
current density 

In the present study, the R259H mutant showed an in-
creased step and tail current density by approximately 2-fold 
of that of the WT, and the peak current density was ap-
proximately 3-fold higher than that of the WT after a 1 s 
depolarizing pulse, whereas with a 4 s depolarizing pulse, 
the differences were less marked. Thus, clearly accelerated 
activation as well as a positive shift in the channel availabil-
ity contributes to the increase in the current density, result-
ing in significant augmentation of the current amplitude 
induced by the fast activation due to a positive shift in volt-
age dependent activation. Unlike the other two previously 
reported mutants, R259H increased quickly after beginning 

and increased slowly with further stimulation changing the 
shape of the current into a rectangle. According to previous 
reports by Bellocq and Hong, V307L-KCNQ1 and 
V141M-KCNQ1 are both rapidly activating voltage-de-
pendent K+ selective currents; however, their effects on the 
peak and tail current densities are limited, so the current 
amplitudes for the WT and mutant channels are similar.[6,12] 
This feature of R259H might partly indicate that the mutant 
channels were activated faster and recruited earlier during 
the cardiac action potential, thus providing gain of function 
mechanisms. 

4.3  The Consequence of slowed deactivation of 
R259H-KCNQ1 

In our experiments, we used cloned R259H-KCNQ1 
channels expressed in HEK-293 cells to analyze the elec-
trophysiological properties between the R259H mutant 
channel and WT. We found that the main reasons for the 
increased R259H-KCNQ1 were its prolonged deactivation 
time constant and its slowed deactivation procedure. The 
data revealed that the time constant of recovery from the 
deactivated R259H mutation channel was much slower than 
that of WT, ranging from −80 mV to +60 mV. The negative 
shift in the R259H-KCNQ1 channel deactivation results in 
higher numbers of channels available to constitutively open 
within phase 3 of the action potential, which leads to dys-
function of the cardiac repolarization and excessive APD 
shortening.[12] 

Our data indicated that there are some connections in the 
gating properties between R259H and V307L. Although the 
two SQTS2 mutants have similar gain-of-function effects on 
KCNQ1 channels, their electrophysiological mechanisms 
are quite different. The V307L mutant induces a pro-
nounced shift in the half-activation potential and an accel-
eration of the activation kinetics of KCNQ1, and its deacti-
vating currents at various test-pulse potentials after depo-
larization to 60 mV were not significantly different com-
pared to WT.[13] In contrast, the major influence of R259H 
lies in its deactivation course of KCNQ1, not in its 
steady-state activation or inactivation kinetics. 

4.4  Clinical perspective and study limitation 

Obviously, the best way to restore the action potential 
duration toward control levels in SQTS2 patients is to pro-
mote Kv7.1 channel function.[2] However, due to the limited 
number of cases, the characteristics and effective treatment 
methods for SQTS are not well understood. Very little in-
formation has been provided about whether the mutant af-
fected gain-of-function IKs channels act not only through a 
net increase in the current but also through other additional 
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mechanisms such as channel subunit-subunit interactions, 
membrane expression of mutant channels or intercellular 
ionic communications.[13] In this study, although our data 
suggested that the KCNQ1 mutations are most likely an 
infrequent cause of SQTS (< 10%), we could not perform 
extensive genetic testing or molecular biology methods to 
exclude the possibility of the presence of other affected fac-
tors. In addition, it is likely that similar types of KCNQ1 
mutations with the function of current enhancement may 
work quite differently on one specific pathogenic mecha-
nism. For example, Lundby, et al.[14] reported that one of the 
KCNQ1 gene variants, Q147R, leads to the heterogeneous 
distribution of Kv7.1 accessory subunits in the heart, which 
in turn leads to a Kv7.1 gain of function in the atria in fa-
milial atrial fibrillation but a Kv7.1 loss of function in the 
ventricles in QT prolongation. Based on these considera-
tions, further efforts will be needed to investigate additional 
underlying mechanisms of R259H gene expression proc-
esses and the membrane distribution of R259H-KNCQ1 
channels, using knock-in mice, induced pluripotent stem 
cells and computational SQTS models. 

4.5  Conclusions 

The R259H-KCNQ1 demonstrates a markedly increased 
current density and slowed deactivation, alters the channel 
electrophysiological properties and causes gain of function 
IKs, which may help to explain the enhancement of IKs in 
SQTS2. We determined a novel molecular mechanism and 
fully tested the hypothesis that the gain-of-function R259H 
mutation affects the IKs and results in the shortening of the 
QT interval, which provides a substrate for re-entrant ar-
rhythmias. 
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