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Single nucleotide polymorphisms as biomarkers
applied for searching candidate genes and exploring

mechanisms of primary nocturnal enuresis
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Abstract

Primary nocturnal enuresis (PNE) is a common childhood problem. The
incidence of PNE is approximately 10% of 7-year-old children. PNE make significant
psychosocial distresses for both children and their parents and a child with PNE
seems to have low confidence. Despite numerous studies on PNE, its etiology remains
elusive. The etiology of PNE is multifactor, involving genetic influence, maturational
delay, sleep disorder, psychological problem and decreased nighttime secretion of
antidiuretic hormone.

Normal voiding might include the synchronized circadian rhythm in the secretion
of arginine vasopressin (AVP) and functional maturation of the central nervous system
(CNS), which reduces the child's ability to inhibit bladder emptying at night. Our
major concerns for PNE are the compromised vasopressin production and the balance
of CNS transmitters. Single nucleotide polymorphisms (SNPs) are the most abundant
types of DNA sequence variation in the human genome. The SNP marker provides a
new way for the identification of complex gene-associated diseases such as PNE. We
tried to use SNPs as biomarkers to search candidate genes and the pathogenesis of
PNE.

This study is the first to search the SHTR2A gene polymorphisms in children

with PNE. It was determined that 5SHTR2A gene polymorphism, a predominantly TT



genotype, may be associated with non-mono-symptomatic NE in Taiwanese children.

These findings confirm previous observation that the heterogenisity of NE and open a

window for the future research to find the mechanisms of NE.
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14.

1.

4 #- elution buffer 4v 4+ & 70°C # *

f 1.5ml g g @ 4 » 500pl 9 extraction buffer » & 4¢ » 100pl 92 5 ¥

AArkag o

3

FEAZFEY Smineo

#-GFX # Hc B ¥ 2ml e B 4 ¢ %

Bt hE B pr4e » GFX 415 B i 4t (8000rpm) 1min

TR IR E P AR RGEX e wr R ok 2ml i g

4e » 500pl £ extraction buffer 3 GFX ¥ 4 ¢

.
’

% 4o (8000rpm) 1min

TR IR F Y RN R-GFX e i kb 2ml v i g

4e » 500pl 5 wash buffer 3] GFX ¢ 4L¢ 5 3 @& 4t~ (8000rpm) lmin

TR IR E Y AR R-GFX ¢ ew i ke 2ml v i g

%

# & (12000rpm) 3min 17 & fg SER T <

F Pl d 5 & ¥ GFX F il » 3760 1.5ml s § 9

4v o 50ul Fg £ 4e# (70°C ) shielution buffer ** ¢ 1@ chglig e @ o

<k

LA

F % A% 8¢ Imin

@A (12000rpm) lmin ' qc & % i 2 DNA
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# 744 PCR-RFLP

Rk
7 ~2X O in 1 DNA polymerase (YT006-100)
¢ ~ Bspel *V4|p=
P~ 3% agarose gel
“ ~ EtBr
~ ~PCR 3% PI:5- CAGCCACCACAGTTCAGTTC-3" ;P2:5 -
CGGCTGTCAGTAAAGCAGAC-3'
= ~#7% 2R %  PCR machine » DNA & /A4 > 2 3 3 B 4p & 3L

;: > ?J%Eﬁ'% :

A.PCR

1. % 02mlPCR ¢ + &7 % 4e » 3244 Genomic DNA

DNA
Ingredients Volume (pl)
2X O’ in 1 DNA polymerase 10
Primer P1 (20uM) 1
Primer P1 (20uM) 1
Genomic DNA (50ng) X
H,O Y
Total volume 20
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% Pe. T % 3% Z_PCR machine

Airio3 TR FREY T EF RAE o

Steps/cycles  95°C  50°C 72°C
Stepl/1 cycle 5 min
Step2/3 cycles 1min 1min 1 min
Step3/1 cycle 7 min

4. HWFFE fpE B EY 27 PCRF I o

B. 3% I)%'(”;Bﬁl;lﬁj@l%

(1)

2)

3)

4)

)

(6)

ST E L L L= T AR NS |

ERIC R

T

v g a7 & T 4w 4B~ 3g 1 agarose #5 R ©
g g

£
S

7

- g

BB~ = A48A5FL N 0 4 > 100ml 0.5 X TBE Buffer °

MEEZ 2 o

NIRRT L > S ALT b tip BT 0 1 I 47

"Lk Ty b R B

Wi R R RO R A G R RS o o R L 4
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(7) ] BRREA R 2 R AR > 2B G 25ml s 0] 4 15 ml
2% BREX4Ammo LRBE T UG FIeEENE Y L o

(8) B H-4 5 BB -

(9) B3 EMMLIrZ i P RBER AT

(10) ﬁ@—})é’ﬂ B/il—l‘%;;)x ﬁ.‘/\ﬁ:]é Ié’}’rf_ -},/\«}iéig/{%—\gc; 15'—]:},3'% R

C. 37 ¥ RiAAds

(1) o 9o 5B Bk G RAT D -

(2) #-i 17 R A H M 5]~ if B2 0.5 X TBE buffer

(3) B~— /] ¥ parafilm %} & X8+ 3 §i 4 # (loading dye) & 1l =
-4 o
|

(4) B3l fe e E A AR £323 o

(5) ™ Pipetman w5 B~ 2 FR7R & 4 » 3§ 7 7R 5 chwell poo

(6) 12 Pipetman ¥ B~ 3 ul %%+ 5 (ladder marker) 4 » 3§ 75 %% 3 i &
grwell p o

(7) - AR TR B o E® 100V > 39 25-30 A 4d o

8) R AT RMEF -

(9) = = Fip

D. Bspel *» ] DNA 7 £
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I. £ 02mlIPCR § F &7 4 4 » 34 -

Ingredients  Volume (ul)

PCR mixture 8.5

Bspel buffer 1
Bspel 0.5

Total volume 10

2. Ry B RPBPHE? TFFRE

3. RFEEWITCIE® 2 P Priseim 3% g 5 T AL T o

i 1% 4 ¥):E B~(candidate gene search) (% - )

EAFEHREASLA 0 NP EE BB A F B R 81201322 %
SR PR RAESE R FE PR S PR S RS
CEAEAR B crd S B ES (R - ) B G 32 BAFEZELS S =he B2 Fas

¢ 3£ AVP ~ SHTR2A -~ CYR61 ~ DRDS % » e # 34 4ig 32 B =8¢ » ¥

oI A & SHTR2A 1 5 AFend A (%= )

P
Su3t 3

Alleic frequency = % = % £ alleles er#c P %75 alleles 2 #ic? £ Tt blo

SHTR2A # F13](genotype)ir allelic frequency 7% 3|42 % £ fr 7 Ik chd RA]
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(phenotype) e e &) 4p b fi = 2% i % 43t k8 SAS system #7000+ 2k e

Fisher’s exact test 4" $7#f % %38 P @ & 5] *7 005 5 A3 5 £ & ©
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A FoEG IS Lo P58 99 L EDREA R R (BP

52294 547 ¢4 )62 LA R R E -

|

o8 RHBERFLA

RELRE AR L Th & RfHR ot e (22)

AT R A e R e B LR L F A HE R

e

ER A s BRA Y FIR > REERE G fop A ik n T R

(P=0.031) et B A 2 hE# L3 L F A -HE LR

e

AR T a Ll efrn A RBTALR o
REMAFEREfTRRFRAFR e RAFYFAF S AMESF (22)

30 et ﬁ(fiﬂ*ﬁff\m}%ﬁ_'frifﬁ@&L B SHTR2A £ Flen % Al (TT ~ TC ~
CC) frA R 5 Alferig & (T~C) bt > FRERFHRF G ek 7
A ¢ 5 FME S ehA A B & TT(42.4%) » TC(40.4%) » CC(17.2%) » T(59.0%) -
C(41.0%)m ¥4 P8 2 B £_TT(37.1%) » TC(46.8%) > CC(16.1%)  T(57.1%) » C(42.9%) »
B EKFA e A FHESF A2 L B> P EA B E 0731 4 0.786 -

REBARFRGEY EHBERUE REHS BV RATUAT S AREF(Z

i)
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APt R R R R & B R RS B RS 2 B SHTR2A A 7]
5 A4 (TT~TC~CC) frAF 5 A ag s (T~C) hip b td > IR A
Fi dm gk F1 4] ¢ 5 FE S ch A # A u] E TT(58.3%) » TC(25.0%) » CC(16.6%) »
T(66.7%) » C(31.3%)@ & & & 4 f e B &_TT(39.6%) » TC(58.4%) » CC(20.7%) °
T(55.3%) > C(44.7%) » » et A F3] 5 g ¥ £ £ > P ®& 0.037 » 4 fp e A 13
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Table 1 The frequency of PME in relation to age and sex

Age Boys Girls Total

{years) n/N (%) n/N (%) n/N (%)

5} 21/129 (16) LD/ 100 (10) 31/299 (14

7 15/105 (1) B85 (9) 23/190(12)
12/99 (12) 6/94 (6) 18/193 (9)

9 6/80 (8) 3/87 (4) 9/167 (5)

10 4/126 (3) 3/93 (3) 7219 (3)

11 3/85 (3) 1/93 (1) 4/178 (2)

Total 61/624 (10) 31/552 (6) 92/1176 (8)

n, number of enuretic children: N, total number in each age group.

2001 BJU International 87, 678—681
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Enuresis

Bladder Capacity &
Spontaneous Bladder
Contractions

Sleep Arousal

Nocturia
Nocturnal Response to ADH

Nocturnal Polyuria

and Polyuria
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dbSNP Material restriction . .
gene rstcluster id method SNP enzyme Primer size(bp)
AVP CCGTGCTCACACGTCCTC

rs13041148 sequence 4 270
CATTGGCGGAGGTTTATTGT
GGCAAAGGCCGCTGCTT
1s5195 RFLP 1 Hpy991 179
TCGTTGCAGCAAACGCCGAA
SHTR2A TTCAGTGTCAGTACAAGGAAAACAA
rs3125 sequence 4 420
CCAAGCACACATTTTGTAGCA
GGTCAGTGTTATAAAATCTGTATTGC
rs17069218 RFLP 1 Hpych4V 349
CCAAATACCTCGATAGTGCTG
CAGCCACCACAGTTCAGTTC
1s6313 RFLP 1 Bspel 433
CGGCTGTCAGTAAAGCAGAC
CYRel Apal GACCTCGAGCGAAAGACG
1s2297140 RFLP 2 537
Mscl GGGAGAAGATACGCGTGAGA
CCTCGGCTGGTCAAAGTTA
rs1062805 sequence 9 451
CATTGGTAACTCGTGTGGAGA
ACGCTGGATGTTTGAGTGTG
1s9658587 RFLP 1 Faul 211
CCCTTGTTTGTCTAGGTGTGC
CCCTTGTTTGTCTAGGTGTGC
1s9658588 RFLP 1 Mspl 289
AGCTGACCAGGACTGTGAAGATC
DRD5 CAGCTCAACTGGCACAGG
1s2227845 sequence 12 489
CGGGGTTGAGTGAGGAGTTA
Alwnl AACCAAGACATCGTCTTCCA
rs16888557 RFLP 2 295
Ddel CAGTGTCTGTGCGGTTATGC
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Enuresis(-) Enuresis(+) P
n=62 n=99

Age (year) 10.58 = 1.69 10.87 +2.82 0.143
Sex (M/F) 32/30 52/47 0.031
Height (cm) 138.85 +12.28 132.71 £16.5 0.637
percentile 335+ 1.42 3+0.38 0.164
Weight (Kg) 35.25+10.4 33.07 £ 13.80 0.989
percentile 3.16 £ 1.34 3+0.38 0.611

(2 ) RELERFRRLfrE ¥ 24 A F Ao 5] 7 3R 5 2 47

Nocturnal enuresis ~ Normal subjects P
No. (%) (n=99) No. (%) (n=62) Value*

Genotype
TT 42(42.4) 23(37.1) 0.731
TC 40(40.4) 29(46.8)
CcC 17(17.2) 10(16.1)
Allelic frequency
Allele T 82(59.0) 52(57.1) 0.786
Allele C 57(41.0) 39(42.9)
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Frequency Non- frequency P

No. (%) (n=36) No. (%) (n=63) Value*
Genotype
TT 21(58.3) 21(39.6) 0.037
TC 9(25.0) 31(58.4)
CC 6(16.6) 11(20.7)
Allelic frequency
Allele T 30(66.7) 52(55.3) 0.182
Allele C 15(31.3) 42(44.7)
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Arousal score P
6-8 2-5 Value*
(difficultly awaken)  (easily awaken)
No. (%) (n=40) No. (%) (n=59)

Genotype

TT 21(52.5) 21(35.6) 0.156
TC 15(37.5) 25(42.4)

CC 4(10.0) 13(22.0)

Allelic frequency

Allele T 36(65.5) 46(54.8) 0.786
Allele C 19(34.5) 38(45.2)

(=) RaRaRd/fjpis #8 75 AFA oA R 5 AP 5 4 41

Nocturnal enuresis patients P
with family history without family history Value*
Patient No. (%) (n=45)  Patient No. (%) (n=54)
Genotype
TT 18(40.0) 24(44.4) 0.896
TC 19(42.2) 21(38.9)
CC 8(17.8) 9(16.7)
Allelic frequency
Allele T 37(58.7) 45(60.0) 1.000
Allele C 26(41.3) 30(40.0)
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Nocturnal enuresis patients P
with constipation without constipation Value*
Patient No. (%) (n=33)  Patient No. (%) (n=66)
Genotype
TT 21(63.6) 21(31.8) 0.010
TC 8(24.2) 32(48.5)
CcC 4(12.1) 13(19.7)
Allelic frequency
Allele T 29(70.7) 53(54.1) 0.172
Allele C 12(36.3) 45(45.9)
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Controls NE NE with DVS* NE with high NE with constipate**
No. patients (Total) arousal score
Yes No Yes No Yes No

(M=62) (1=99) (n=36) (=63) (n=40) (n=59)  (n=33)  (n=64)

Genotype
TT 23 42 21 21 21 21 21 21
TC 29 40 9 31 15 25 8 32
cC 10 17 6 11 4 13 4 13
Allelic frequency
T 52 82 30 52 36 46 29 53
C 39 57 15 42 19 38 12 45

* Genotype distribution in NE with and without DVS yielded statistically significant differences, P=0.037; *

Genotype distribution in NE with constipation yielded statistically differences P=0.010
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